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Transistor output;
matches any PP tran-
sistor to 4, 8, 16
speaker. Primary 48,
36, 12 Q C.T,; 20 —
10 20 KC; 40 watts.

" HIGH POWERED

AUDIO
g ‘_r.l.rl. "
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:

Low distortion 2.5 KW
output transformer, PP
450 TH's 18,500 ohms
C.T. to 24/6 ohms,
20 KV hipot. 520 Ibs.

HI-FREQUENCY
CARRIER TO
MIL-T-27B

Electrostatically
shielded, humbucking,
+-30 dbm level. With.
in .5 db 250 cycles
to 110 KC. 600/135:
600 centerlapped to
1% tolerance.

SUBMINIATURE
MOLDED

- TRANSFORMER

-

Grade 3 with printed
circuit leads for tran-
sistor application. 150
 to 150 © at 10 dbm
level. Size 1 x 14 x
12*; weight 5 grams.

—— T i Yy_...-—-.__—..._.__g,_w D IR S et §'

R

Write for catalog of over
1,300 UTC TOP QUALITY
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STOCK ITEMS

IMMEDIATELY AVAILABLE
from your local distributor.
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Metal case hermetical-
ly sealed to MIL-T-27B.
Gold Dumet leads |
spaced on 0.1 radius,
for printed circuit ap-

. plication,

CATHODE
FOLLOWER
OUTPUT

Provides equal volit-
ages to 5 loads. Pri-
mary inductance main-
tained to 5% with
20% change in DC
unbalance and 30%
change in AC voltages.

HYBRID
TRANSFORMER

s
Two transformers each
GO0 2 primary. 40K |
Q C.T. secondary 250
cycles to 5 KC within
Ya db. 40 db isolation
over band.

BOLOMETER
TRANSFORMER

Primary 10 ohms, sec-
ondary 530K ohms,
230:1 ratio, response
from Y2 cycle to 25 cy-
cles. 120 db magnetic
shielding, plus full
electrostatic shielding.

. C.T. to within 0.1%.

voltage isolation of

s~
NENORE, S v

i
e - 4§
N -

)

CHOPPER 1

Magnetic shielded plus
electrostatic shield for

2x10¢.  Primary 200K

S B, L

Secondary 50K. |
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“SPECI

AL” CUSTOM BUILT

AUDID TRANGFORMERS

TO YOUR SPECIFICATIONS

MICROMODULE

Life tested per mi-
cromodule specs.: no
failures. 10K §) C.T. to
10K €, 100 mw from
400 — to 20KC.

ULTRA- i ‘

MINIATURE

Electrostatically &
magnetically shielded
output transformer %, *
D. x Ya” H. Pri. 15K
CT, Sec. 8K CT; max.
level 50 mw; audio |
range response. To
MIL-T-278, grade 4. 3

i
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Exceptional quality and reliability is provided in all
UTC designs. Over 30 years of engineering knowledge
and experience substantiated by extensive field per-
formance assure the highest quality and most re-
liable components in the industry. Complete en-
vironmental testing facilities are incorporated to
prove out new designs. Full analysis and evaluation
of materials are conducted in UTC's Material and
Chemical Laboratories. Rigid quality control mea-
sures coordinated with exhaustive statistical find-
ings and latest production procedures results in
the industry’s highest degree of reliability. Range
covered in Audio Transformers is from 0.1 cycles
to 400 MC . . . microwatts to 50 KW.

MILITARY AND COMMERCIAL TYPES FOR
EVERY PHASE OF THE ELECTRONICS ART

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

UNITED TRANSFORMER CO.

DIVISION OF TRW INC. « 150 VARICK STREET, NEW YORK, N. Y. 10013

Circle 900 on reader service card



Hewlett-Packard has changed
the picture...

Normal wideband spectrum dis-
play of high-level multiple sig-
nals. (2 GHz spectrum width, 10
dB/cm vertical display.)

from this:

to this:

Virtual elimination of normal
intermodulation products pro-
duced by strong multiple signals
at the analyzer input.

...In broadband
spectrum analysis

The new HP 8441 A Presclector offers an effective solution
to the cluttered-screen problems often encountered in broad-
band spectrum analysis. Used with the HP 851/8551 Spec-
trum Analyzer, the preselector covers 1.8 to 12.4 GHz with
simple, straight-forward operation. Broadband and multiple
signal displays are now far easier to interpret.

The preselector is an electrically tuned RF filter preceding
the analyzer's RF input. It electrically tracks the analyzer's
sweep and therefore passes only the instantancous frequency
to which the analyzer is tuned as it sweeps through its sc-
lected scan. The rejection of other strong signals prevents
the generation of distortion products in the analyzer's mixer.
Elimination of these distortions from the display increascs
the analyzer's effective dynamic range because the analyzer
can now handle input signals of higher levels. This permits
easy comparison of large and small signals.

Because it rejects interfering signals, the presclector is an
indispensable tool in such applications as RFI measurements
and test of frequency multiplier chains. Ask for Application

Electronics | September 18, 1967

Note 63B, which describes the uses of this new and versatile
instrument. Call your local HP field engineer or write
Hewlett-Packard, Pato Alto, California 94304; Europe: 54
Route des Acacias, Geneva.

HP Model 8441A Presclector

Frequency Range: 1.8 to 12.4 GHz, electrically tuned.
Nominal 3 dB bandwidth: 40 MHz.

Rejection: At least 35 dB for out-of-band signals.

May be internally or externally tuned or swept.

Price: $2950. 04718

SPECTRUM ANALYZERS

Circle 1 on reader service card 1



VARIABLE
BANDWIDTH
MARKERS
PINPOINT THE
FREQUENCY

Sweep Oscillator gives top performance in the

All solid-state Hewlett-Packard 3211A Sweep Oscillators
with RF and marker plug-ins meet virtually all of your
swept frequency testing requirements. Variable bandwidth
markers permit accurate, well defined marking under a
variety of test conditions.

The main frame of the 3211A contains everything you
could hope to find in a sweeper. RF plug-ins operate at
fundamental frequencies with good linearity and spurious
mixing products are eliminated. Plug-in markers offer not
only variable bandwidth, but also Z-axis or pulse-type
marking. An accurate 59-db attenuator makes the unit a
valuable tool for testing both high- and low-gain circuits,

Circle 2 on reader service card

100 kHz to 110 MHz range

Priced at less than $1,000, the 3211A is ideal for general testing
in the video to VHF range where flat, linear output and an
accurate marking system is required. Typical applications
are. alignment, calibration and design of FM tuners and
receivers and testing filters, amplifiers, transformers, reso-
nant circuits and IF sections of TV receivers, radar and
communications systems. For complete specifications, con-
tact your local Hewlett-Packard field engineer or write Hewlett-
Packard, Green Pond Road, Rockaway, N.J. 07866.

HEWLETTﬁ PACKARD

SWEEP OSCILLATORS
10738
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Technical articles

I. Design

Linear IC's: part 3

Differential amplifiers at work

By juggling components and interconnections,
an engineer can make the differential
amplifier serve in many applications

J.P. Keller, Radio Corp. of America

Designer's casebook
® |C operational amplifier makes supply
short-circuit proof
= FET source follower enhances single sideband
= Unijunction trigger boosts ignition reliability
= Pulse-saving network permits signal switching
= High speed multivibrator controlled by
single integrated circuit
s Waveform generation eased
by two timing networks
= FET improves oscillator multiplier

I1. Application

Integrated circuits in action: part 7

Cutting costs on the factory floor (Cover)
Putting two families of IC logic into a factory
measuring machine, halved the cost and

cut the weight sharply

Michael French, Potter Instrument Co.

Weaving a braided memory

that’s fast and inexpensive

A reduction of parasitic capacitance and new
weaving machines make the braid memory

a commercial product

John J. Marino and Jonathan S. Sirota,
Memory Technology Inc.

I1l. Manufacturing

Problems of heat removal chill progress in IC’s
The tendency is to jam IC's into small space
but such cramming interferes

with thermal management

Allan B. Chertoff and James J. Foti,

Loral Electronic Systems
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Readers Comment

Brazen impudence

To the Editor:

The brazen impudence of the
present—and recent past—Fcc
commissioners has never been
more adequately documented than
in the alleged quotation of Com-
mioner Lee [June 26, p. 143] when
he said, “We finally changed our
minds and decided that we had
jurisdiction over catv because it
has the potential to destroy local
broadcasters. Although carv does
serve previously unserved markets,
and has a useful place in the com-
munications industry, the rcc is
trying to protect the status quo of
the broadcasting industry.”

Why is there something evil
about the “potential to destroy
local Dbroadcasters?” Isn’t it self-
evident that such a potential exists
only to the extent that the broad-
casters do not provide what the
customs want? \Why not minimize
the potential with service, instead
of regulations. Or better yet, why
doesn’t the rec enforce the existing
standards upon which licenses are
granted but which are never
heeded except by lip-service and
some large stations—which is why
people prefer them on the cable
to the local money-grabbers.

“Although catv does serve pre-
viously unserved markets . . 7 s
another admission of the failure
of both the commission and the
industry to serve an important seg-
ment of America and then, when
something ingenious is done about
the contrived situation, to trv and
legislate the solution out of exist-
ence to protect the vested interests.

“. . . the Fcc is trying to protect
the status quo. . . .” May I ask a
question? Where did the Congress
slip that sentence into the Com-
munications Act? It is not the duty
of the rcc to protect the status quo
of anything; rather it is their sworn
duty to see that the public is served
and that the quality of that service
is continually improved. Their
present obstructionism to improved
public service should be a matter
of grave concern to the Congress.

Finally, let me point out how
very glad we should be that this
insolent attitude did not prevail
in governmental bureaucracy when

Electronics | September 18, 1967



New from Spragve!?

Wattage Maximum
Tipe Rating Resistance

Extended-Range
Filmistor | 1/10 |* 115 MQ
Resistor = 2

Conventional
Metal-Film | 1/10 | |03 MQ
Resistor :

Maximum | Wattage
Resistance | Rating

Type

Extended-Range
Filmistor | 1.5 MQ 1/10
Resistor

Conventional
Metal-Film | 1.5 MQ 1/2
Resistor

Both Resistors are one and the same...they're Sprague’s new
EXTENDED-RANGE FILMISTOR METAL-FILM RESISTORS

Substantial saving of space in all
wattage ratings—1/20, 1/10, 1/8, 1/4,
1/2, and 1 watt—with absolutely

NO SACRIFICE IN STABILITY!

New manufacturing techniques at Sprague Electric
have made possible a major breakthrough in resist-
ance limits for metal-film resistors. Extended-Range
Filmistor Resistors now offer, in addition to accuracy
. . . stability . . . reliability . . . extended resistance
values in size reductions which were previously
unobtainable. Size and weight advantages of Filmistor
Rcsistors now make them the ideal selection for
applications in high-impedance circuits, ficld-effect

SPRAGUE COMPONENTS
—— _— ®
RESISTORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS s p R n E
CAPACITORS INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES
TRANSISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES
‘THIN-FILM MICROCIRCUITS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE MARK OF RELIABILITY
INTEGRATED MICROCIRCUITS  ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS

$SR-5144R1
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transistor circuits, etc., where space is at a premium,
Many designs which previously had to settle for the
higher temperature coeflicients of carbon-film resistors
in order to obtain required resistance values can now
utilize the low and controlled temperature coefficients
of Filmistor Metal-Film Resistors.

Other key features are = 1% standard resistance toler-
ance. low inherent noise level. negligible voltage
coctlicient of resistance. and tough molded case for
protection against mechanical damage and humidity,

For complete technical data, write for Engineering
Bulletin 7025C to Technical Literature Service,
Sprague Electric Company, 35 Marshall Street,
North Adams, Massachusetts 01248.

*Sprague’ and *(2)° are registered trademarks of the Sprague Electric Co.
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Dial GR for
Sine-Wave Signals

Type 1026 Standard-Signal Generator, $6500 1n U.S.A.

Over 100 different models of GR oscillators,
signal generators, and synthesizers are
listed in our catalog. These sine-wave signal
sources provide a wide choice of frequen-
cies, power outputs, and modulation and
sweeping capabilities. For instance:

Included among the oscillators are our four
new “'sync-able’ oscillators, each a small
(8 x 6 x 8 in.),self-contained unit with a sync
jack for phase-locking to an external signal.
These oscillators offer a wide choice of
performance; fixed frequencies (to 10 kHz)
or continuous tuning (to 2 MHz), up to
1-watt output, as much as 0.001 % short-term
frequency stability, and distortion as low
as 0.05% or less.

If you need a high-resolution signal source
with a wide choice of operating features,
you can satisfy your need with one of
the 80 versions of our frequency synthe-
sizers. Their modular construction makes
it possible to order any of the four basic
models with from three to seven manual
step-decade modules, programmable
modules, and with or without a continu-
ously adjustable decade module that pro-
vides additional resolution and sweep
capability. Upper frequency limits of the
four basic models are 100 kHz, 1 MHz,

S

12 MHz, and 70 MHz with maximum possible
resolutions of 0.0001, 0.001, 0.01, and
0.1 Hz, respectively.

The newest addition to our ensemble of
sine-wave sources is the 1026 Standard-
Signal Generator. This unique instrument
puts out % watt into 50 @ (10 V behind 50 €,
5V when modulated), has excellent output
leveling, and has true single-dial tuning
over its entire 9.5- to 500-MHz frequency
range. The ease of operation and outstand-
ing performance of the 1026 in the most
critical applications must be experienced
to be appreciated. Request a demonstration
and see for yourself.

Prices for GR sine-wave signal sources
range from $225 for a ‘‘sync-able’ audio
oscillator with 11 fixed frequencies to $7515
for a full-complement, 70-MHz frequency
synthesizer. For complete information, write
General Radio Company, W. Concord,
Massachusetts 01781; telephone (617) 369-
4400; TWX (710) 347-1051. Sales Engineering
Offices are located in major cities through-
out the United States and Canada.

GENERAL RADIO

Circle 6 on reader service card



New from Sprague!

Wattage E Maximum
Type Rating Size Resistance
Extended-Range ”
: o 0957 D.
Filmistor | 1/10 250" L 1.5MQ

Resistor

Conventional
Metal-Film
Resistor

095"D,

950" L. 0.3 MQ

1/10

Maximum | Wattage
Type Resistance | Rating
Extended-Range ”
Filmistor | 1.5 MQ 1/10 g3 " D.
Resi 2507 L.
_ Resistor
Conventional ”
Meta-Film | 15mMa | 172 |20,0
Resi J507 L,
esistor

Both Resistors are one and the same...they're Sprague’s new
EXTENDED-RANGE FILMISTOR” METAL-FILM RESISTORS

Substantial saving of space in all
wattage ratings—1/20, 1/10, 1/8, 1/4,
1/2, and 1 watt—with absolutely

NO SACRIFICE IN STABILITY!

New manufacturing techniques at Sprague Electric
have made possible a major breakthrough in resist-
ance limits for metal-film resistors. Extended-Range
Filmistor Resistors now offer, in addition to accuracy
. . . stability . . . reliability . . , extended resistance
values in size reductions which were previously
unobtainable. Size and weight advantages of Filmistor
Resistors now make them the ideal selection ror
applications in high-impedance circuits, field-effect

transistor circuits, etc., where space is at a premium,
Many designs which previously had to settle for the
higher temperature coefficients of carbon-film resistors
in order to obtain required resistance values can now
utilize the low and controlled temperature cocfficients
of Filmistor Metal-Film Resistors.

Other key features arc - 1% standard resistance toler-
ance, low inherent noisc level, negligible voltage
coefficient of resistance, and tough molded case for
protection against mechanical damage and humidity,

For complete technical data, write for Engineering
Bulletin 7025C to Technical Literature Service,
Sprague Electric Company, 35 Marshall Street,

North Adams, Massachusetts 01248.

SPRAGUE COMPONENTS

RESISTORS

CAPACITORS

TRANSISTORS

‘THIN.FILM MICROCIRCUITS
INTEGRATED MICROCIRCUITS

S5R.5144RL

PULSE TRANSFORMERS
INTERFERENCE FILTERS
PULSE-FORMING NETWORKS
TOROIDAL INDUCTORS
ELECTRIC WAVE FILTERS
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CERAMIC-BASE PRINTED NETWORKS
PACKAGED COMPONENT ASSEMBLIES
BOBBIN and TAPE WOUND MAGNETIC CORES
SILICON RECTIFIER GATE CONTROLS
FUNCTIONAL DIGITAL CIRCUITS

SPRAGUE

THE MARK OF RELIABILITY

*Sprague’ and (2" are registered trademarks of the Sprague Electric Co.
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Dial GR for
Sine-Wave Signals

Type 1026 Standard-Signal Generator, $6500 n U.S.A.

Over 100 different models of GR oscillators,
signal generators, and synthesizers are
listed in our catalog. These sine-wave signal
sources provide a wide choice of frequen-
cies, power outputs, and modulation and
sweeping capabilities. For instance:

Included among the oscillators are our four
new "‘sync-able" oscillators, each a small
(8 x 6 x 8 in.),self-contained unit with a sync
jack for phase-locking to an external signal.
These oscillators offer a wide choice of
performance; fixed frequencies (to 10 kHz)
or continuous tuning (to 2 MHz), up to
1-watt output, as much as 0.001 % short-term
frequency stability, and distortion as low
as 0.05% or less.

If you need a high-resolution signal source
with a wide choice of operating features,
you can satisfy your need with one ot
the 80 versions of our frequency synthe-
sizers. Their modular construction makes
it possible to order any of the four basic
models with from three to seven manual
step-decade modules, programmable
modules, and with or without a continu-
ously adjustable decade module that pro-.
vides additional resolution and sweep
capability. Upper frequency limits of the
four basic models are 100 kHz, 1 MHz,

12 MHz, and 70 MHz with maximum possible
resolutions of 0.0001, 0.001, 0.01, and
0.1 Hz, respectively.

The newest addition to our ensemble of
sine-wave sources is the 1026 Standard-
Signal Generator. This unique instrument
puts out ¥ watt into 50 @ (10 V behind 50 Q,
5V when modulated), has excellent output
leveling, and has true single-dial tuning
over its entire 9.5- to 500-MHz frequency
range. The ease of operation and outstand-
ing performance of the 1026 in the most
critical applications must be experienced
to be appreciated. Request a demonstration
and see for yourself.

Prices for GR sine-wave signal sources
range from $225 for a ''sync-able” audio
oscillator with 11 fixed frequencies to $7515
for a full-complement, 70-MHz frequency
synthesizer. For complete information, write
General Radio Company, W. Concord,
Massachusetts 01781 telephone (617) 369-
4400; TWX (710) 347-1051. Sales Engineering
Offices are located in major cities through-
out the United States and Canada.

GENERAL RADIO
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Henry Ford started making auto-
mobiles. If it had we would
still be riding horses (have to pro-
tect the status quo, you know) and
billions of horseshoes would be
stockpiled in warehouses all around
the country.

If the established communica-
tions media can not, or will not,
provide what the public wants, and
catv can, then the old must perish
before the onslaught of the new.
And if as a consequence the rcc
dies too, so be it. We don’t have to
preserve the status quo in govern-
ment either,

Richard G. Devaney
Kingsport, Tenn.

Direct application

To the Editor:

We agree with the general trend
of thought of the editorial “Part-
ners in progress: doctor and engi-
neer” [July 10, p. 23]. It is our
opinion that engineering tech-
niques should be applied directly
to the problems of disease and dis-
ablement. This would be more ef-
fective than the present practice of
trying to applv engineering tech-
niques to the problems posed by
doctors. Can yvou imagine how far
Thomas Edison would have gotten
on his “light” project if he would
have been forced to work with the
gas company to produce a brighter,
more efficient gas flame!

Dr. Joseph Battocletti
Kenneth Kayser
Badger Meter Manufacturing Co.
Milwaukee

Research as a luxury

To the Editor:

Your editorial [July 10, p. 23]
omits one very great difficulty in
the cooperation of engineers with

physicians: money.

Many physicians do research as
an avocation—a labor of love. They
do it for free or for a nominal sum.
A doctor can afford this, since his
principal source of revenue is else-
where.

He may consider that since he,
the physician, is donating time,
surely other professionals, like en-
gineers, should do the same.

There are signs of change how-
ever. Many hospitals do have engi-
neers on stafl; physicians budget
for engineering on their grants,
much more so than in the past.

Really, I have observed that in
the past five years there has been
an order of magnitude change for
the better in this important region.

H.H. Schwartz
Montreal, Canada

It takes three kinds

To the Editor:

The difficulties with 1c voltage
regulators for automobiles [June 26,
p. 23] missed an important point.

You stated “Application of elec-
tronics in areas that have been
traditionally nonelectronic is a job
requiring two kinds of people:
those who understand electronics
technology and those who under-
stand the application.”

You omitted the integration peo-
ple, those who understand the in-
teraction of environments and elec-
tronics. They are needed even for
introducing 1C’s into automobiles.

Of course. it is well known that
one of the important environments
is the electromagnetic environment.
Therefore, one of the integration
people should be an clectromag-
netic compatibility engineer since
electrical “noisc” is ever present.

Anthony G. Zimbalatti
Hempstead. N.Y.
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The old master
has met its match.

For more than twelve years, our 250
DA Universal Impedance Bridge
ruled supreme in its field. No instru-
ment could match its measurement
performance.

Now along comes a scrious chal-
lenger—our new 250 DE (at right).
It has all of the reliability and accu-
racy of the classic modecl. As you can
see, they look alike from the outside.

But inside, we've made many im-
provements. The new 250 DE is
completely self reliant on its four
flashlight batterics. It has a new sol-
id-state detector with greatly im-
proved sensitivities: better than 20
microvolts on DC, 10 microvolts on
AC. For simplicity, there is a single
meter null detector on the front pan-
el. And for versatility, some useful
front terminals have been added.

Why did we improve on the old
master when it has delighted so many
thousands with its performance in
countless plants, laboratories and
schools? Well, we figured eventually
somebody would make a truly port-
able impedance bridge even better
than the 250 DA. And we wanted it
to be us. ESI, 13900 NW Science
Park Drive, Portland, Ore. (97229).

250 DE Portable Universal Impedance
Bridge Specifications
Range:
Resistance: 0 to 12 Megohms
Capacitance: 0 to 1200 Microfarads
Inductance: 0 to 1200 Henrys
Resistance: 0.1% 4+ 1 dial division
Capacitance: 0.2% 4 | dial division
Inductance (Series and Parallel):
0.3% + 1 dial division
Sensitivity: Better than 20 microvolts
DC, 10 microvolts AC
Frequency: | ke internal
(External terminals provided.)
Batteries: 4 D size flashlight batteries
provide 6 months of normal service,
Weight: 12 1bs. Price: $475.00

Note: The 250 DA features exactly the same ac-
curacy specifications as the 250 DE. However,
the 250 DA is AC line-operated. Price: $550.

[ 3
Electro Scientific Industries e15[l®
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New space-saving
molded tantalum
capacitor

-

Actual size

TAC miniature solid tantalums are precisely molded
for automatic insertion; tubular axial-lead epoxy case
is only .105” dia. by .290" long.

Test proved for excellent stability of capacitance,
DC leakage and dissipation factor on extended life
and humidity exposure.

Rated —55°C to +85°C at full voltage, +125°C at %,
nominal voltage. Values from 18 mfd, 3 volts to
.47 mfd, 50 volts.

Get all the news on new TAC's from Mallory. Write for
Bulletin 4-82. Mallory Capacitor Company, a division of
P. R. Mallory & Co. Inc., Indianapolis, Indiana 46206.

MALLORY

Circle 8 on reader service card

People

The Eastern operation of Sylvania
Electronic Systems in Needham,
Mass.. has often been out of phase
with the rest ot

the industry.

Sometimes the

aberration was - T
a happy one; in

1963, when most

of the defense

electronics  in- ‘J
dustry was hurt-

ing, Sylvania William Wheeler
Systems East was hiring. But dur-
ing 1966 and early this year the
plant was laying off while most
were hiring.

“We are now stabilized, and
have been for months,” says
William S. Wheeler, the new vice
president and general manager of
the Eastern division of Svlvania
Electronic Systems, an operating
group of Sylvania Electric Prod-
ucts.

Stabilization was achieved be-
fore Wheeler took over, but keep-
ing the company in phase with
projected growth curves becomes
the responsibility of the 45-year-old
vice president. The major involve-
ment in the division’s recent his-
tory was in the Minuteman pro-
gram, principally as contractor for
the ground electronics. Everyone
knew that the Minuteman program
had peaked, but the downward
twrn was steeper and faster than
expected. Sylvania, like others, was
also caught in the cancellation of
several large strategic-tvpe pro-
graims.

Shift in emphasis. “\Ve've swung
over more to the tactical systems.
They’re smaller, but there are more
of them,” says \Wheeler.

The division is still doing work
in strategic-weapons control, such
as  Minuteman, but it is also
teamed with Burroughs as a con-
tender for the Anny’s tactical
weapons-control  system,  Tacfire.
Wheeler sees long-range growth in
training systems for complex de-
fense equipment. His division is
a prime competitor in the satellite
earth station business, in over-the-
horizon radar, and phased-array
antennas. Other areas of concen-
tration will include search-location-
rescue equipment such as Syl-
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Sealed ™
Dellvered

New Model 77P

Helipot’s

k 71PF‘°

IN LARGE QUANTITIES

Germet Trimming Potentiometer

Here’s the new Model 77P, the first low-cost, general pur-
pose trimmer with a sealed housing and cermet resis-
tance element! DESIGNED to wider performance para-
meters than any other adjustment potentiometer in its
price range. It is directly interchangeable with com-
petitive Models 3067 and 3068-SEALED to permit p.c.
board solvent cleaning and potting without trimmer con-
tamination or failure-DELIVERED from local stock at the
low list price of $1.95. In large quantities, Model 77P
sells for as little as $1.10. = Compare Model 77P specifi-
cations with those of unsealed trimmers, then call your
local Helipot representative for an evaluation sample.

Ev T-v ! I ' 'l ‘
Hemnm Model 3067 Q Model 3068
Model 77P W/rewound Carbon
Resistance | 10-2 me 50 -20K |  20K-1 meg |
Range, ohms , g ° meg
ge, ohms J‘_ i
: Essentially | 1.7 (100) to Essentially
| Resolution | infinite y i 0.3 (20K) ‘ Infinite |
_ i = 7
_ Sealing | ves | _ l -
Power Rating, —]
" watts 0.75 ] 0.5 —J
Maximum
Operatin 105 85 85 ‘
Temp. | |

S=Yd 0 -1a M (NSTRUMENTS, INC.

HELIPOT DIVISION

FULLERTON, CALIFORNIA « 92634

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

Electronics | September 18, 1967
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Only from Sprague!

DIGITAL-TO-ANALOG

CIRCUITS

with precision components not found in
monolithic integrated microcircuits

"FOUR BIT SERIES

FIVE BIT SERIES
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UD-4036 LADDER SWITCH
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UD-4037 BUFFER AMPLIFIER

Up to 12 bits with less than ¥z bit error!

® Improved tracking over tempera-
ture range of —55 C to 4125 C.
®3 to 1 size reduction over con-
ventional converters using discrete
components.

® Reduced handling of components
... fewer external connections . . .
lower assembly costs.

@ Silicon-base hybrid microcircuits
in hermetically-sealed flat packs.

@ 4-bit series expandable to 8 or
12 bits . . . 5-bit series expandable
to 10 bits.

@ Combination of precision thin-
film tantalum nitride resistors,
nickel-chromium resistors, and
active devicesof planar construction.

- ® Packaged for compatibility with

monolithic circuits.

For complete technical data on D-to-A microcircuits, write to Technical Literature
Service, Sprague Electric Company, 35 Marshall St., North Adams, Mass. 01247,

SPRAGUE COMPONENTS

THIN-FILM MICROCIRCUITS
INTEGRATEO CIRCUITS
TRANSISTORS

INTERFERENCE FILTERS

FUNCTIONAL OIGITAL CIRCUITS

CAPACITORS MAGNETIC COMPONENTS
RESISTORS CERAMIC-BASE PRINTEO NETWORKS
PULSE TRANSFORMERS PULSE-FORMING NETWORKS
455:7141

10 Circle 10 on reader service card

PACKAGEO COMPONENT ASSEMBLIES

THE MARK OF RELIABILITY

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

People

vania’s rescue radio, the rrc-63.
Wheeler is hard at work trying
to reduce the number of projects
his division will get into. “In
today’s defense business,” he says,
“I don’t know of any company
which does not make a substantial
financial contribution of its own in
contract-definition work. So vou
can’t jump into all of them. You
can only afford so many at a time.”

Trying to give solid state devices
an inside track with railroad equip-
ment, the General Electric Co. has

put F. William =T
Gutzwiller in |
the engineer’s /
seat at its Trans-
portation  Sys-

tems division in
Erie, Pa. Gutz-
willer previ-
ously was man-
ager of semi-
conductor applications at GE’s
Auburn, N.Y. facilitv. A member
of the team that developed the first
commercial silicon controlled rec-
tifier, Triac, and other thyristors,
he specializes in semiconductor ap-
plications, particularly in power
systems.

Gutzwiller was a prime mover in
developing scr’s and electronic sub-
svstems for motor controls, lighting
svstems, tovs [See related story on
page 46], and other areas once the
exclusive preserve of relays, vac-
uum tubes, and mechanical and
other conventional devices.

Express. “\My new mission,” says
Gutzwiller, “is to bring solid state
clectronics to railroad cars and
locomotives, diesel-engine drives,
motor-control svstems, and oil-well
drilling and earth-moving equip-
ment.”  Traditionally, makers of
such equipment have been wedded
to mechanical, hyvdraulic, pneu-
matic, and electrical systems. Win-
ning them over to solid state
devices won’t be a simple task.

One of his first assignments is
to develop electronic motor-control
svstems for the Northeast Corridor
experiment, a Government-spon-
sored project to explore the feasi-
bilitv of running high-speed trains
between Boston and Washington.

F.W. Gutzwilier
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WCBS-TV
MACHLETT ML-5681
HIGH POWER
TRANSMITTING TUBES
HAVE JUST LOGGED
170,000 HOURS.

Where prime time requires prime
performance specify Machlett transmitting
tubes. Available now: The new
Machlett short form catalog, from
The Machlett Laboratories, Inc.,

1063 Hope Street,

Stamford, Connecticut 06907.
%

THE MACHLETT LABORATORIES, INC.
@ A SUBSIDIARY OF RAYTHEON COMPANY
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These 14 New Devices
Make RCA

theTriac Leader
of the
Industry

Now, RCA offers you the industry’s broadest line of
Triacs, with an unmatched choice of ratings and
triggering characteristics in space-saving packages
...all at truly economical prices! Triacs are today’s
most modern, effective component for ac phase-
control and load switching. Because they can per-
form the functions of two SCR’s, Triacs make possible
new economies in full-wave power circuit design and
cost for industrial and commercial applications.

So for efficient, inexpensive solid-state control of
motors, lighting, and heating, look to RCA, the Triac
Lecader. Your RCA Sales Representative will be
happy to give you more details, including price and
delivery. Also, ask him about RCA’s complete line
of SCR’s. For additional technical data, write RCA
Commercial Enginecring, Section RN9-3, Harrison,
N.]J. 07029. See your RCA Distributor for his price
and delivery.

¢Priced in quantities of 1,000 and up.

Circle 12 on reader service card

Current Low 120v 240V
Rating Voltage Line Line Package
I+(rms) (100V) (200V) (400V)
2.5A modified
: 40525 40526 40527 | 3-lead
(l¢r = 3 mA max) T0-5
5A modified
2 40528 40529 40530 | 3-lead
(ler = 10 mA max) T0-5
6A 40429 40430 | T10O-66
modified
6A 40485 40486 | 2-lead
TO-5
40431 40432 | modified
6A (with integral 2-lead
trigger) TO-5
15A TA2834 TA2835) TO-66

RCA Electronic Components and Devices

The Most Trusted Name in Electronics
®
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Sensitive-Gate Triacs under $1.00%

Extremely high gate sensitivity.., rms {on
current = 254, ang 2 price level that

possible a new generation of
appliances, induction motors,

cuits. Maximum gate sensitivities
10 mA are actually many times grea

of conventional Triacs! This

Low-Cost 6A Triacs with Integral
Trigger to reduce design prohlemg
and save money

Because the triggering device and the
firing characterisitics of the 40431 angd
40432 Triacs are coordinated inside a
compact TQ-5 €ase, you don’t have to
worry about designing in additio
gering com i
from )
packaging densities! So if
your ac-load contrg| circuits require a
trigger, why not have it built-in for you?
The 40431 controls 720 watts at 120v
and costs $1.80*; the 40432 controls
1440 watts at 240v and costs only $2.48*,

-state)
makes
controls for smajj
sensing cir-
of 3 mA or
ter than that
means simplified
triggering circuits and reduced component costs.
The 100V versions (40525 and 40528) sell for
$0.95%; the 200v types (40526 ang
priced at $0.98*; and the 400V y
and 40530) are available at $1.40*

40529) are
nits (40527

154 Triacs for Load Contro|
up to 3600w

RCA developmental types TA2834 ang
TA2835 Triacs extend solid-state con-
trol way up into the kilowatt range,
These powerfy| T0-66 units have surge
current protection up to 1004, plus al
of the other design benefits of RCA’s
lower current Triacs, Possible applica-
tions include power supplies, heating
controls, motor drivers, and many
other industrial ang commercial usages,

With the ne

lot of po
which can be easi}
Produced p
niques for j
for only $1.5

8A Triacs in 2-lead T0-5 to Control Up to 1440 Watts

W 40485 and 40486 g Triacs, RCA doesn’t
use an expensive press-fit package to control a
Both types employ the low-cost T0-5 case
Y mounted on heat Spreaders using mass
re-punched parts ang batch soldering tech-
proved heat-sinking ability. The 40485 sells
0* and controls 720 watts. The 40486 can
control 1440 watts and sells for $1.98*. And reliability
is assured with surge current protection up to 100A!

6A Triacs in
Popular 70.66 Package

Need full-wave control of up to 1440
watts in a T0-66 Package? RCA 40429
and 40430 Triacs are your answer. ..
they feature high gate sensitivity,
Symmetrical triggering characteristics
(lor = 25 mA max), and surge current
Protection up to 80A. The 200V 40429
costs $1.50%, the 400V 40430 only
$1.98*,




miniature

1/2

rolary
switches

INDUSTRY'S MOST
COMPLETE SELECTION

® Shorting AND non-shorting

poles may be grouped on
one deck in any combi-
nation.

‘® Up to 12 positions per

deck with stops.

® As many as 6 poles

per deck.

® All individual deck parts

are self-contained, and
are permanently molded
into place.

Life expectancy 200,000
mechanical operations.

“Off-the-Shelf”” Shipments

14

Write for complete
engineering information

CL

General Sales Office
RCL ELECTRONICS, INC.

700 South 21st Street
Irvington, New Jersey 07111

Circle 14.0n reader service card

Meetings

Meeting of the Radio Technical
Commission for Aeronautics; Statler
Hilton Hotel, Washington, D.C.,
Sept. 19-20.

International Broadcasting Convention,
Electronic Engineering Association;
Royal Lancaster Hotel, Lancaster Gate,
London, Sept. 20-22.

Automotive Conference, IEEE; Howard
Johnson's Motor Lodge, Detroit, Sept.
21-22.

Symposium on Microelectronics
Applications, IEEE; Garden City Hotel,
Garden City, Long Island, N.Y.,

Sept. 21-22.

Power Generation Conference,
American Society of Mechanical
Engineers and IEEE; Statler Hiiton
Hotel, Detroit, Sept. 24-28.

International Electronics Conference
and Exposition, Canadian Region of
IEEE; Automotive Building, Canadian
National Exhibition, Toronto,

Sept. 25-27.

National Petroleum Industry
Conference on Magnetic Materials and
their Applications, IEEE; London, Sept.
26-28.

Electronics Show, Electronic industries
Association of Japan; Minato Interna-
tional Trade Fair Grounds, Osaka,
Japan, Sept. 28-Oct. 4.

Conference, |EEE; Marriott Motor Hotel,
Philadelphia, Oct. 2-4.

International Telemetering Conference,
International Foundation for
Telemetering; Marriott Twin Bridges
Motor Hotel, Washington, Oct. 2-4.

Industry and General Applications
Group Meeting, IEEE; Pittsburgh Hilton
Hotel, Pittsburgh, Oct. 2-5.

Active Sonar Classification Symposium,
Department of the Navy; Naval
Postgraduate School, Monterey, Calif.,
Oct. 3-5.

Ultrasonic Symposium, IEEE; Bayshore
Inn, Vancouver, Canada, Oct. 4-6.

Engineering Management Conference,
IEEE; Jack Tar Hotel, San Francisco,
Oct. 9-10.

Machine Tool Conference, 1EEE;
Cleveland Sheraton Hotel, Cleveland
Oct. 9-11.

Systems Science and Cybernetics
Conference, IEEE; Statler Hilton,
Boston, Oct. 11-13.

International Electron Devices Meeting,
IEEE; Sheraton-Park Hotel, Washington,
Oct. 18-20.* .

Short Courses

Symposium on physics and
nondestructive testing, Physics
Department and the Nuclear Science
Center of Louisiana State University,
Baton Rouge, Sept. 19-21; $50 fee.

Modern electroanalogic simulation
techniques in engineering design,
College of Engineering and the College
of Applied Science and Engineering of
University of Wisconsin, Madison,
Sept. 25-26; $50 fee.

Process dynamics and control, Purdue
University’s School of Engineering,
Lafayette, Ind., Sept. 25-30; $150 fee.

Calls for Papers

Technical Meeting and Equipment Ex-
position, Institute of Environmental
Sciences; Chase-Park Plaza Hotel, St.
Louis, April 28-May 1, 1968. Oct. 1 is
deadline for submission of abstracts to
Technical Program Committee, Insti-
tute of Environmental Sciences, 940 E.
Northwest Highway, Mt. Prospect, Il
60056.

International Solid State Circuits Con-
ference, |IEEE; Sheraton Hotel, Philadel-
phia, Feb. 14-16, 1968. Oct. 23 is dead-
line for submissions of abstracts to
Roger Webster, Texas Instruments Inc.,
P.O. Box 5012, MS 9, Dallas 75222.

Computer Conference, American Fed-
eration of Information Processing So-
cieties; Convention Hall, Atlantic City,
N.J., April 30-May 2, 1968. Oct. 30 is
deadline for submission of drafts and
abstracts to T.R. Bashkow, technical
program committee chairman, 1968
SJCC, Department of Electrical Engi-
neering, 1312 S.W. Mudd, Columbia
University, New York 10027.

* Meeting preview on page 16.
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A periodical periodical. designed
to further the sales of Microdot 1

connectors and cables. Publigy
entirely in the interest of

Nigh densil
nackaging
expert

goes (oo far! -

et's face it. The reason our
I connectors lend themselves
so superbly to high density
packaging solutions is that they
are—in and of themselves—out-
standing examples of high density
packaging. That's a long winded
way of saying that we make
smaller connectors than anybody.
And it takes some pretty far out
designers to jam 420 contacts on
one teeny square inch of connec-
tor surface (see Twist/Con).
One of these far out types
Algonquin G. Squozen in our
design group—has a hobby. In his
spare time he dreams up all sorts
of high density packaging solu-
tions. Trouble is there isn’t always
a problem to fit the solution. A
classic example of Algon-
quin's creative work is shown
on this page. Study it care-
fully because it will
help you to :

Eiectronics | September 18, 1967

M WIN a

WHOLE BASKET OF
GOURMET \ N
FOODS!
(Everything
from imported
sardines and
paté de foie
gras to Beluga
caviar. Shipped"’
to you
direct from
Vendome's :
Gourmet Foods e
in Beverly Hills, Calif.)
Now that we've whetted your appe-
tite. a few well chosen words about the
entree —our connectors. You'll need to
know about these before .
you can stufl_~
yourself. ~

- THE
TWIST/CON

It all started like this: We eliminated
the contact spring member normally
found in socket contacts by creating a
breathing helical spring principle on
the pin contact. Smaller. More durable.
More economical. The result was the

best family of rack/panel and strip
connectors on the market. Some of the
high density applications for TWIST/
CON include connections for IC’s,
interconnecting of printed circuit
boards, edge-on connections for p.c.
boards, and on modules with connec-
tors welded to hybrid circuits. Single
pins are being used for high density
line splices. TWIST/CON is usable
with 22 AWG to 30 AWG standard

wires. Next, we applied the
TWIST/CON principle to

LEPRA/CON—
WORLD’S SMALLEST
FULL 50 OHM COAX

OD is 14 inch and mated length is
about onc inch. That makes it the
smallest. And the completely protected
contacts also make it the most reliable.
The size means you can use a much
smaller OD cable for even greater
weight size reduction in your
package. The price is as low as
$1.07 in nominal quantities.You
can get straight plugs, jacks,
bulkhead jacks, right angle
plugs, or printed circuit recep-
tacles. Screw-on or slide-on
versions in entire line. That’s

= the menu for today.

s BIG WINNERS!'!
But everybody who enters receives a
photo of Squozen’s high density pack-
aging solution. Five lucky entrants will
receive the cases of gourmet foods. All
you have to do is (a) study the infor-
mation about our Twist/Con and
Lepra/Con connectors, and (b) write
an appropriate caption or problem
statement for the sardine can, working
in at least onc of the two connectors
we've talked about. Contest closes
October 1, and is not valid anyplace
where it is considered illegal, immoral
-or fattening. E

MICRODOT INC.

o — — e — — & —————Em T T T T T T T 7
ll MICRODOT INC., 220 Pasadena Avenue, South Pasadena, California 91030 }
| Dear Microdot |
: [1 Enclosed find my entry in  Name — i L= I
your high density packaging

‘ contest Tle—— e :
| [JEnough of this foolishness. Firm _ — i
[ Just send me lterature on i
[ (circle) TWIST/CON Address i
| LEPRA/CON I
| all your connectors City — |
| | have a connector applica-  State Zip Code |
l tion for high density packag- |
[ ing. Getsomebody over here Telephone— Ext o |
'l_ Lepra/Con and Twist/Con ate registered trademarks of Microdot Inc. Jl

Circle 15 on reader service card 15



Something new under the sun!
Bissett- Berman E-CELL™ Integrators

E-CELL /i dt CIRCUIT
GIVeS cc BaTTeRY Re-CHARGE

Problem: After using a battery irregularly over an unknown time interval, re-charge
it with preciscly the amount of energy you've drained off. A straightforward solu-
tion using the Bissett-Berman E-CELL* current-time integrating circuit shown
below does the job this way: (1) In the RUN mode, the battery drain is continu-
ously sensed at the meter shunt, causing a proportional quantity of plating
material to be transferred to the E-CELL anode. (2) In the CHARGE mode, the
Charger is operating while the E-CELL anode is being de-plated. (3) When the
anode is completely de-plated, the E-CELL voltage drop triggers the SCR, auto-
matically disconnecting the Charger.

Rugrﬂwcmnct [~ cnmreer | g ::Zf
T g~
H = g 700!_—
i — 2 600
i M2 E 5001—
i ,,v § 400/ —
[ Lo 5w
4 o
' 4000002 § 200’;
T e 2 100~
d i = <] F—=‘
i M Al TIME—e=
* The Bissett-Berman E-CELL™ is E-CELLs are designed to meet or
a unique “'liquid state’’ electrochemi- exceed the requirements of MIL-
cal timing and integrating component STD-202C for:

\

Ti30-3 |
— e

now being manufactured in high vol-
ume on fully automatic production
lines. E-CELLs are designed for single
or repetitive use in generating time
delays ranging from seconds to
months, or integrating events from
one to infinity, and consume only
nanowatts. Patents applied for.

Altitude: Method 105C
Test Condition B
Solderability: Method 208A
Vibration: Method 204A
Thermal Shock: Method 1078
Test Condition A
Seal: Method 112
Test Condition C
Actual size Terminal Strength: Method 211
Test Condition A

For technica! information and application notes, contact:

Components Division. The Bissett-Berman Corporation, E I SSE I I
3860 Centinela Avenue, Los Angeles, California 90066;
BERIVIAN

Telephone: Area Code 213, 390-3585.

16 Circle 16 on reader service card

Meeting preview

New heights

Since its inception, the Interna-
tional Electron Devices Meeting
has always provided prestigious
technical programs, and this year is
no exception. In fact, the upcoming
meeting, scheduled for Washing-
ton from Oct. 18 to 20, is surely
the best ever on two counts: the
breadth of the subjects to be con-
sidered and the technical import-
ance of the papers.

As usual, those attending will
find it impossible to sit in on all the
sessions; at least three and some-
times six will be going on at the
same time. The perennial topics are
solid state devices, integrated elec-
tronics, and electron tubes; the
newer categories cover display and
pickup devices, quantum elec-
tronics, and energy conversion de-
vices.

In the display-and-pickup group,
J. R. Hansen and R. J. Schneeberger
of Westinghouse Research Labora-
tories will describe a recording de-
vice based on liquid crystals that
change color as an impressed elec-
trostatic field is varied. The device
provides a multicolor image in real
time.

In another of the 18 papers in
this category, C. E. Land of Sandia
Laboratory will tell how ferroclec-
tric ceramics are used to modify
the transmission characteristics of
a film when electric fields are ap-
plied. Land says the technique
conld permit the storage of as
many as 1 million bits per square
inch.

Yielding LSI. Onc of the deter-
rents to the applications of large-
scale integration has been low de-
vice vields. A.G.F. Dingwall of rca
will discuss recent advances in
processing that have boosted vields
to the point where the interconnec-
tion of Lst arrays is feasible. Bcam
leads, new mounting and bonding
techniques, and other routes to Ls1
will also be covered at the meeting.

Three-quarters of the 24 papers
in the quantum electronics category
are on lasers-—both carbon dioxide
and ion.

The subject of the other papers
is photodetectors, including silicon
carbide, indium antimonide, and
gallium arsenide-cesium types.
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There's a
Tektronix Field Engineer
In your area

His knowledge
of the Technology of Measurement
can work for you

While the Tektronix Field Engineer is familiar with many
engineering and scientific disciplines, he also has a dis-
cipline of his own . .. the technology of measurement. His
specialty is knowing how to measure electrical and physi-
cal phenomena and helping you present this information
as a useful display on the oscilloscope.

Tektronix believes you have a right to expect high technical
competence from the men who sell and service oscillo-
scopes. Tektronix Field Engineers, each of whom has a
substantial background in electronics, receive thorough
product training before they come in contact with you, and
are constantly kept abreast of new instruments and new
measurement techniques.

Call on your nearby Tektronix Field Engineer when you
need assistance in selecting the proper oscilloscope for
your measurement problem, or when you need help in
operating or maintaining it.

You can count on his help when you need it.

Vo' " Tektronix, Inc.
T% PO Bux 500

v Beuavertun, Oregon 37005

Don Hofmann of Philadelphia, Pa.—

One of the Tektronix Field Engineers
serving you from 43 U.S. Field Offices |
and in more than 20 countries

around the world.
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At these prices,
you try one of these sl

scheme now and then.



nobody will holler 1
ft registers on awil

MMS500 50 bit shift register $9.85
in 100 lots — It’s very fast, uses low
power, and, similar to all our other
shift registers, has the lowest operating
voltage around. It’s organized as a
dual 25 bit element. The unit uses
—10 volt VDD supply voltage and
16 volt clock amplitudes. Power
dissipation at 10kc is a tvpical
28 uw/bit. And guaranteed operation

1sat 1 MHz in a temperature range

of 0°C to 70°C.

MM502 100 bit shift register $14.80
in 100 lots— Power dissipation for
this one at 10kc is a tvpical 16
pw/bit. Otherwise, specs are about
the same, except there are 50 more
bits. This one 1s organized as
a dual 50 bit unit.

They’re available right now at any
of our distributors, or call

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

National Semiconductor
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Wild scheme goes here.
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v DC VOLTAGE
120 MIN. TO 200 MAX. !
a (117V AC LINE
RECTIFIED, FILTERED) DRS107
(]
oW o

slart here.

+

DTS 410

A
2N3053 2N3053

1

Application of Delco high voltage silicon power transistors
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e switching regulator.

REGULATED OUTPUT
200 WATTS
10-100V. 2A.
REGULATION

LESS THAN 0.5%
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Start with circuit designs using Delco high voltage
silicon power.

The simple switching regulator in the diagram at
Jeft turns out 200 watts (2 amps) output at efficien-
cies exceeding 85%. And it does it with just one
series element working directly from rectified line
voltage: the new Delco DTS-410 transistor at just
$1.95 each™.

Or if you need regulation of 250 volts DC and
400 watts output, the DTS-411 may be your answer.
Cost? Just $3.15 each®. And for extra-high voltage
applications, there's the DTS-423, now priced at
$4.95 cach*.

Now combine our new low prices with these
other cost-cutting advantages of Delco high voltage
silicon power transistors: you can reduce the num-
ber and complexity of input, output and filtering
components. This means more compact circuitry,
greater reliability and lower assembly costs.

These NPN silicon transistors are packaged in
a rugged TO-3 case for low thermal resistance. In-
side. they are mounted to withstand mechanical
and thermal shock because of special bonding of
the emitter to base contacts.

There's no need to be concerned about delivery.
They are available right now in production quanti-
ties. Call us. Or order samples from your Delco
distributor.

For details on the switching regulator circuit ask
for application note number 39.

“Prices shown arc for quantitics of 1,000 or more.

Tvpe veeo | Voo | e |OMERT TR
VCE=5V Max
DTS-410 200 & 35A 10@ 2.5 80w
DTS-411 v ) Pt 35A 10 @ 2.5 100W

| DTS-423 v- 400v‘ ) ;3"%?:) - ‘3;; 7 10 @ 2.5A B 100;_

FIELD UNION, NEW JERSEY*" DETROIT, MICHIGAN SANTA MONICA, CALIFORNIA®*
SALES Box 1018 Chestnut Station 57 Harper Avenue 726 Santa Monica Bivd.
(201) 687-3770 (313) 873-6560 (213) 393-1465
OFFICES SYRACUSE, NEW YORK CHICAGO, ILLINOIS® General Sates Office:
1054 James Street 5151 N. Harlem Avenue 700 E. Firmin, Kokomo, Ind.
(315) 472-2668 (312) 775-5411 (317) 459-2175

»=0Office includes field lab and resident engineer for applications assistance,

GM

DELCO RADIO

Division of General Motors, Kokomo, Indiana

MARK OF EXCELLENCE
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RCA’s new 6LQ6 Novar
Beam Power Tube for
Horizontal-Deflection
Service in Color TV

withstands 200 W plate dissipation
for 40 seconds

Position of getters and subsequent
flash improves heat transfer from
screen-grid radiators to glass envelope.

Cavity plate designed
for better heat dissipation,

3 j Major innovations in materials, design and
/// ¥ ;. : processing techniques make it possible to pro-
' / »~ vide outstanding heat dissipation capability in the
Cavity plate made of heavy-gauge & / " new RCA-6LQ6.
; . / y, {
gg;%?;'f,ggundf#_?i'r?nngd;r%%’g:st.ed o it' You can specify RCA’s new 6LQ6 for the demanding

Combination of material and special
processing reduces level of occluded
gas and minimizes gas emission
during periods of
high-overload-temperature.

horizontal-deflection-amplifier socket of your color-tele-
vision chassis with full confidence that it will provide de-
pendable, high-level performance from tube to tube and
throughout life.

The 6L.Q6 is a direct replacement for the 6]JE6A and
6JE6B.

Larger diameter of screen-grid

wire reduces screen-grid temperature For complete information on the new RCA-6LQ6
and improves high-voltage :
cutaTe el family of Novar Beam Power Tubes, call your nearest

RCA District Office or write to RCA Commercial Engi-
neering, Harrison, New Jersey 07029.

roni nents and Devices, Harrison, N. J. 7029 RCA DISTRICT OFFICES—OEM SALES: EAST, 2075 Millburn Ave., Moplewood, N.J,
RCA Electronic Compo x a ! ! 0 07040, (201) 485-3900 « MID-ATLANTIC, 05 Marlton Pike, Haddonfield, N.J, 08034,
(609) 428-4802 + MID-CENTRAL, 2511 East 46th St., Bldg. Q2, Atkinsan Square, Indianap-
olis, Ind. 46205, {317) 546-4001 + CENTRAL, 446 Eost Howord Ave., Des Ploines, Il

. . 60018, (312) 8270033 + WEST, 6363 Sunset Bivd., Hollywaod, Colif. 90028, (213]
The Most Trusted Name in Electronics 461.9171 + INTERNATIONAL OPERATIONS, RCA International Division: Centrol ond
® Terminol Aves., Clark, N.J. 07066, (201) 485.3900 + 118 Rue du Rhone, Genevo, Switzer-

land, 35 75 00
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Editorial

No mutual benefit

In Wall Street this summer, brokerage firms had so much
business they couldn’t handle the paper work for all the
stocks that were bought and sold. Trading on the New
York Stock Exchange passed 10 million shares a day so
often that the Exchange had to shorten the trading day.
One of the reasons for the gargantuan volumes—only a
few years ago a five-million-share day was considered a
bonanza on the Exchange—is that the mutual funds are
doing a lot more trading. Thev've grown so big that they
have huge resources of cash and many have changed
their main objectives from buving stocks with long-term
growth possibilities to buying and selling shares over the
short term. hoping to pick up a few points per share.

What they are doing is having a deleterious affect on
many electronics firms.

Instead of studying the long-term prospects of a com-
pany’s stock, the mutual funds are more interested in
what it will do this week. next week, or this month. By
next month, thev’ll be on to another stock. To somecne
raised amid conservative financial men, what the mutual
funds are doing would better be called gambling than in-
vesting. Only the kindest observer can even call it specu-
lation because the funds sometime operate on the slim-
mest of tips or the most nnconfirmed rumors.

To better serve this adventurous spirit, many Wall
Street firms have established special research organiza-
tions to sell information just to the funds. Soine of the
firms have gotten so specialized that they will have an
analyst who follows only integrated circuits. not caring
what’s happening to discrete semiconductor devices even
though they may more affect a semiconductor company’s
current situation than 1c’s. Selling good, bad, and terrible
information has become big business on Wall Street.

Electronics companies, and especially the semiconduc-
tor firms, have been the subject of a lot of such stock
dealings this year. For one thing, the concept of inte-
grated electronics has excited the imagination of finan-
cial people. It’s a young ficld and nothing looks more at-
ractive to a stock speculator than a ground floor oppor-
unity. Also. profits among the semiconductor companies
1ave been hurt disproportionately by the slump in con-
sumer electronics sales. So their stocks are under scru-
diny. And finally, the increase in numbers of conglom-
srate corporations such as rrv and 1TT, companies that
wre not in one business but in many, has limited the
wmber of companies whose futures and stock perform-
ince reflect the success of new technical developinents.

All this activity in the investiment world would be
only of academic interest to engincers, even at the
companies involved, if it weren’t affecting the day-to-day
dperations of these companies.

The performance of the stock causes management
‘0 tune its operation so the company looks attractive
to stock buyers. When profits are hurt, say by a slump
in consumer clectronics equipment, a semiconductor

Electronics | September 18, 1967

company can offset the slide by drastically curtailing
research and development expenditures. At one semi-
conduetor company whose performance on Wall Strect
has 1'05(‘13?1 [¢d a rollercoaster during the past six months,
a top executive expressed his concern. “Even under the
best circumstances, it is difficult to determine how
much money should be spent on rep. But vou can’t base
such expenditures on the dailv performance of the stock
and hope to survive in the semiconductor business,” he
says. The company has to pav dearly for the savings
in R&Dn in a few vears when it doesn’t have the new prod-
ucts that should have evolved but didn’t.

The sharp fluctuations of stock also work a devastating
effect on key engincers and managers who have stock
options. Considering the situation on \Wall Street today,
another clectronics executive asked, “IHow do those im-
portant engineers feel about their options—and the
company-—when the stock drops 20 or 30 points in one
day? Do vou think they do their best work when all
the incentives have gone down the drain?”

The press to win acceptance among the security
analysts sometimes causes companies to make premature
announcements of products. Since the announcements
are never marked: “Financial community onlv—security
analysts please note and recommend vour customers
buy our stock,” design and application enginecrs often
find themselves trving out products that are not ready
for use, do not have anywhere near the reliability needed
nor the performance promised. Or they find themselves
chasing promises that are never realized in hardware.

To see just how ludicrous the situation has become,
you have only to examine how the stock market has
reacted to companies that build integrated circuits with
metal oxide semiconductor techniques.

The rumor that a company can add four or eight
bits of data capacity to an atos chip can boom the com-
panv’s stock 8 to 12 points—even though there may
not be any customers for or production of such a circuit.
When the rumor mill reported that Fairchild Semicon-
ductor Division was having troubles making some >Mos
IC’s, its stock dropped almost 20 points in two weeks,
even though there are few customers around now for
production runs of Mos circuits. You can appreciate how
silly all this is only when vou understand that almost
all the business in Mos circuits today is research and
development contracts, and the total dollar volume is
miniscule compared to that of digital 1c’s sold by the
same firms.

All this is leading electronics companies—and the
mutual funds that started it—into dangerous territory.
Customers of electronics products are growing leary of
the official pronouncements that come from electronics
companies. Electronics companies are pushing their op-
erations to make their stock attractive on the market
rather than to build a stable corporate base and a solid
business. And the gambling on electronics stock by
funds is making electronics companies unattractive to
the investment community, so it is increasingly difficult
to start or finance new electronic operations.

For the sake of the future growth and well-being of
most companies, more managers are going to have to
run their businesses as if Wall Street didn’t exist.

23



B/H PERMEANCE COEFFICIENT—
23 28 39 as

a a5 60 88 10

L]
D T T T T O e S S O S T N I}

INDUCTION—B--KILOGAUSSES

With a coercive force of 3200 oer-
steds, Indox 7 has a higher resis-
tance to demagnetization than any
commercially available magnetic
material except costly platinum-
cobalt. It also has a high peak
energy product and high intrinsic
coercive force. 3
New Indox 7 requires no critical
materials, is light weight and has
high electrical resistance. Indox 7
opens new possibilities for de-
sighs and applications where
greater resistance to demagne-
tization is required, or where the

magnet length is limited compared
to the magnet area.

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

INDIANA GENERAL &2

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

Summa Cum OQersteds.

1967, The Indiana General Corporation



Tv for $49.95?

Computer uses
easily programable
read-only memory

Bell System plans
automatic checkout

Navigation system:
accurate to 30 feet

<—Circle 24 on reader service card
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Industry insiders say that General Electric is working feverishly to pro-
duce the industry’s first under-$50 black-and-white 12-inch television
receiver in time for the Christmas market. Dubbed the Adventurer, the
transistorized receiver will sell for $49.95.

A flexible memory control technique that replaces conventional read-
only memories has becn incorporated in a research computer built by
Automatic Electric. Conventional read-only memories cannot be easily
altered; the new technique uses separate, replaceable printed-circuit
cards for each instruction. Automatic Electric, the manufacturing arm
of General Telephone & Electronics, will probably design the concept
into its line of process control equipment within a few years. A paper on
the new memory will be presented at the Fall Joint Computer Confer-
ence, Nov. 14 to 16.

Under the new method, called Picoprogram control, the complete
sequence of steps taken to exccute a particular instruction is stored
on a single printed-circuit card. Different instructions—such as “com-
pare” and “store”—address different cards; the cards for similar instruc-
tions—such as “add” and “subtract”—are physically distinct but resem-
ble one another closely. The instruction repertoire of the machine
can thus be changed simply by changing cards, making the computer
extremely flexible.

Conventional third-generation computers have read-only memories
in which a sequence of addresses prescribes the sequence of steps. Dif-
ferent instructions use different sequences, but the sequences for similar
instructions overlap considerably. This minimizes the total number of
words in the read-only memory—the number need not be much greater
than the number of different instructions. But the overlapping also
means that almost the entire memory has to be changed if the instruction
repertoire is changed.

Also, if any particular step generates an error, the new machine stops
in its tracks without completing the instruction in progress and this
vastly simplifies trouble-shooting.

Within the next three or four years the Bell System will begin to install
automatic equipment to locate and diagnose failures in its nationwide
communications network. Work on the computer-operated checkout
system should be completed within 10 years.

Essentially all of the Bell System’s fault-location and switching, to
sidestep an out-of-commission line or microwave transmitter, is cur-
rently done manually. Top Bell engineers are quick to point out that,
although some automatic checkout systems are being used for a few
test functions, they leave much to be desired.

Westinghouse thinks it has a sure candidate for the Air Force’s 621B
satellite navigation program [Electronics, Aug. 21, p. 40], which seeks
to provide quick, accurate fixes for supersonic craft. The potential West-
inghouse entry, so far just an in-house study of accurate navigation
techniques, has design goals that make it a natural for 621B: accuracy
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Design-it-yourself
oscilloscopes have
that common touch

Bell System to use
new magnetic alloy

NASA challenged
on medical spin-offs

26
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within 30 feet, simultaneous use by an unlimited number of planes, con-
tinuous service, rapid fixes (about a tenth of a second), immunity to
interference, and service to the polar regions.

The Westinghouse investigation revolves around the use of inter-
ferometric antennas placed on widely separated satellites in synchronous
orbit. Families of satellites—three or four to a family—provide two
interferometers that establish a line of direction; the craft’s position
is determined from them. The reason for the accuracy is the wide spacing

of the antenna satellites (about 5.5 miles), which provides greater sensi-
tivity.

By offering something no other oscilloscope maker has—commonality
of internal parts, a refinement of the venerable plug-in technique—Meas-
urement Control Devices Inc. is keeping its line competitive with the
big instrument makers’. MCD offers seven chassis and a wide choice of
interchangeable printed circuit boards. The result is innumerable com-
binations that can be tailored to a user’s specifications.

Major benefits, says the Philadelphia firm, are savings when building
the circuit boards and purchasing parts; assembly according to sales;
quick response to orders for custom scopes; and modifications accom-
plished simply by changing a value of some component on one of the
signal-conditioning or amplifying p-c boards.

A newly developed magnetic alloy will replace Vicalloy in the per-
manent memory portion of the electronic switching systems being
installed in U.S. telephone exchanges. Developed at Bell Telephone
Laboratories, the alloy of cobalt, iron, and gold is described as more
ductile than Vicalloy and therefore more easily made into complex
shapes, fine wires, or tape. Some of the Vicalloy magnets in the elec-
tronic switching systems’ twister memories have lifted from the cards
because of the mechanical stresses exerted during erasure and rewrite
processes.

Three Bell Labs researchers told the International Congress on Mag-
netism in Boston last week that the magnetic properties of the new alloy
change only slightly under high tensile loads and that the gold content
will permit more careful control (by heat treatment) of the magnet’s
coercive force, which is the energy necessary to change the flux from
positive to negative [For more on the Magnetism Congress, see page 45].

Although there has been considerable criticism of NASA’s manned
space programs, there has been little argument with NASA’s contention
that those programs produced valuable biomedical spin-offs. However,
there’s a growing feeling that the space agency does more talking about
such benefits than is warranted by results.

The latest challenge came at the Engineering in Biomedicine Confer-
ence in Washington from John Lyman, a professor of engineering at the
University of California at Los Angeles. He said that engineers working
on space and defense projects don’t look for biomedical spin-offs. Except
for such concepts as microminiaturization, he pointed out, little of
medical value has been gleaned from manned space programs. And
much of his audience agreed.
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All components
shown actual size

Type S
shown twice actual size

for side
adjustment

for top /

adjustment

75.08-7E

Only the new
Allen-Bradley Type S cermet trimming
resistors have all these features

The Allen-Bradley Type S is a one turn
cermet trimmer in which you will find
incorporated a wider range of features
than in any other trimmer now on the
market. Here are a few of the more
important features.

* COMPACT—body is %" dia.

= BUILT FOR EITHER TOP OR SIDE
ADJUSTMENT

* 50 OHMS THRU 1 MEGOHM

= THE SEALED UNIT is immersion-proof

*» TEMPERATURE COEFFICIENT less
than 250 ppm/°C over all resistance values
and complete temperature range

* UNIQUE ROTOR DESIGN provides ex-
ceptional stability of setting under shock
and vibration

= SMOOTH CONTROL, approaches infi-
nite resolution

= PIN TYPE TERMINALS for use on
printed circuit boards with a 1/10” pattern

= VIRTUALLY NO BACKLASH

" WIDE TEMPERATURE RANGE from
-65°C to +150°C

* RATED % watt @ 85°C

= EXCEPTIONAL STABILITY under high
temperature or high humidity

= MEETS OR EXCEEDS ALL APPLICA-

BLE MIL SPECS

COMPETITIVELY PRICED!

You’ll find the new Type S trimmer
equal to the traditional Allen-Bradley
quality. You really ought to know
more about the Type S. Won’t you
write for detailed specifications? Allen-
Bradley Co., 222 W. Greenfield Ave.,
Milwaukee, Wis. 53204. In Canada:
Allen-Bradley Canada Limited. Ex-
port Office: 630 Third Ave., New York,
N. Y, US.A 10017.

ALLEN -BRADLEY

QUALITY ELECTRONIC COMPONENTS



A-B ceramic magnets
used in the 500 Selektronic shaver
shown actual size.

CERAMIC MAGNETS

Remington takes advantage of the high energy of
Allen-Bradley ceramic permanent magnets to achieve
the small size required for the ideal performance

of their 500 Sel/ektronic shaver

This custom designed ceramic magnet is the result of cooperative efforts by Rem-
ington and Allen-Bradley engineers. Despite the complex geometry of the mag-
nets, Allen-Bradley was able to achieve high voluine production at reasonable cost.

Allen-Bradley MO5-C ceramic permanent magnets are radially oriented and
can be furnished in segments for d.c. motors measuring no more than 34" diameter
up to a maximum rating of 10 hp. Coordinated and adequate manufacturing
facilities at Allen-Bradley and tight quality control assure delivery in quantity
—on time!

Allen-Bradley application engineers will be pleased to cooperate in the design
of your motor magnets to obtain optimum performance. Allen-Bradley Company,
222 W. Greenfield Ave., Milwaukee, Wis. 53204. In Canada: Allen-Bradley
Canada Limited. Export Office: 630 Third Ave., New York, N. Y., U.S.A. 10017.

TYPE MO5-C CERAMIC PERMANENT MAGMETS Typical Characteristics—stated values have been determined at 25° C.

74:07:7CE

Property Unit Nominal Vaiue
Residual Induction (Br) Gauss 3300

Coercive Force (Hc) Oersteds 2300

Intrinsic Coercive Force (Hci) Qersteds 2400

Peak Energy Product (BdHd max) Gauss-Oersteds 2.6 x 106
Reversible Permeability — 1.09

Curie Temperature +°C 450
Temperature Coefficient of Flux Density at B, %/°C —0.20
Specific Gravity — 4.85

Weight per Cu. In. Lb. 0.175

2INIP P
LIEBYY

The 500 Selektronic shaver
features a unique dial which
adjusts the shaving heads to four
shaving positions for any combina-
tion of skin and beard, plus TRIM position for
sideburn trimming and CLEAN position for instant
cleaning. The shaver operates on its rechargeable
energy cells or from an electric cord.

; \ 5 4 ° | : [

L MASF AIA

QUALITY MOTOR CONTROL
QUALITY ELECTRONIC COMPONENTS




Semiconductor Report &

NEW MOTOROLA DEVICES

STOP HIGH ENERGY
TRANSIENT DAMAGE WITH
NEW ZenGard*
SUPPRESSORS

Protect entire electronic systems
subject to damage or destruction
from random power surges up to 12
kW with the new line of MPZ5
series ZenGard transient suppressors!

Their compact size (each occupies
less than 2 cubic inches) belies their
impressive advantages over conven-
tional suppressors:

* predictable temperature sensitiv-
ity and relatively constant break-
down voltage over a —65" to
175°C operating range

* inherent parameter stability over
long-term use

e absolute non-existence of ringing

* low 50 ;A quiescent current

Sharp reaction time and clamping
V., (max)
V, (min)
as 1.25 mean significantly lower
overshoot voltages, consequently less
chance of component degradation
and burn out.

Economical, ZenGard transient
protection for virtually any high en-

factors ( see table) as low

Nom.
Oper. Max. Zener Volt.

Voit. PW 1oms [V
or

Voits V2jmes

oc '
Tyse Power e &t b

@ I

FOR

ergy application (1000 W units have
been supplied to hi-rel require-
ments) is made possible by the
Motorola-originated Multi-Cell ¥
technique of mounting individually
matched zener diodes on a common
heat sink. The same desirable, sharp,
controlled reverse hreakdown char-
acteristics as Motorola’s other 250
mW to 50 W zener diodes are
ensured.
Evaluation units available now!
non-standard voltages, lower
clamping factors and higher power
units can be supplied to specific
needs!

FAST PHOTO SENSORS AID
LIGHT-ACTIVATED DESIGNS

A tiny photo detector type
MRD200 and a sensitive photo-
transistor type MRD300 — now
provide opportunities to simplify

light-activated designs!

Functional and compact (only
0.060” diameter), the MRD200, two-
terminal unit serves where small size,
precise alignment and high density

NEW DESIGN

IDEAS

arrays are required such as high-
speed tape and card readers and ro-
tating shaft information encoders.

It displays linear characteristics
over the dynamic range-ideal for
reading film sound tracks. Total t,,
and t, is only 6.5 us (max.) allow-
ing faster reading than any mechani-
cal contacts. And, its extremely
narrow field of view minimizes cross-
talk.

With equally fast rise and fall
time, the MRI300 utilizes a TO-18
case with external connections for
added control and excels in applica-
tions where high sensitivity is essen-
tial. It responds to modulation well
above the audio spectrum.

Both units operate from 1 V to
50 V power supplies and are compat-
ible with most transistor circuits.
Low leakage permits use in direct-
coupled designs for low-signal-level
operation.

Evaluate them now! . . . Send for
Introduction to Optoelectronics and

- - S
| Type F Radiation lilumination Dark 1
Sensitivity Sensitivity Current a new data sheet! .
ma/mW/eme | gA/lum/ft2 £ 4R Use the reader service card for
(typ) (typ) {max)
WMRD200 o5 50 complete data on these products or
MRD300 1.6t l 10t 0.025 write Motorola Semiconductor Prod-
- - - ucts Inc., Box 955, Phoenix, Arizona
tBase open 85001.
Xenon Flash Tube e
General Electric
Type #FT-106 &
Multi-Output Fiber Optic
Albion Optical Co,
M \ - o MRD-300
- % £ x % % £ £ £ -
AEINATINaE NN T INAERN AN A FIN AT I A I o T
's 510 J—-E;l ?:-I gh_)h- 2 ‘;_‘)‘_H gsw ‘ 510 "s[m "- ﬁ’zsm H gsm ,..2.)-{5‘:‘0 lj
3 S s Y ='35;=l"- 2 IR El e I Y A
2N4198 2N4198 'ZNIIQB 2N4198 2N4198 2N28©»2N4191‘ 2N4198 2N4198 2N4198 _]
L _ e E 7 U -
LIGHT-ACTIVATED SCR SERIES SWITCR L 6KV peak
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MRD300 combined with 2N4198 ELF* SCR (600 V) gives total t., of 300 ns. Single light source
coupled by muitiple-output fiber optic bundle transmits light to photo transistors. Fast to. is

accompanied by gate isolation advantage.

*Trademark Motorola Inc.
1 Patents Pending

MOTOROLA Semiconductors
~ whene the priceless ingnedient & cane!
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N
PROPELLER FANS — Move large volumes of

air at low static pressures for flushing
electronic enclosures or ventilating shel-
ters. Highly reliable and compact. Many
variations: ® 30-1500 cfm e 50/60 Hz or
400 Hz, single or three phase ® From 4Y4”
to 8Y2” diameters e Dual frequency
60/400 Hz available ®» MIL spec and com-
puter quality e High altitude Altivar®

ROTRON
FANS AND
BLOWERS
MOVE AIR
ANYWHERE

e CENTRAXIAL BLOWERS — Unique ‘‘centraxial” impel-
. lers. Far more efficient and economical than squirrel
cage blowers of similar Capacity. For high quality
N commercial equipment ranging from office copiers
q""; to large capacity computer disc memories. ® 14-545

o cfm e Wheel sizes from 2” to 7”. e Convenient
mounting options ® Working pressures to 3" wg. » 115
VAC, 60 CPS, single phase; 230 VAC, 50 CPS, single
phase; 208-230 VAC, 50-60 CPS, three phase. e No
maintenance. ® Lubricated for life.

/

TUBEAXIAL FANS — Integrated designs provide maxi-
mum airflow in minimum axial depth. High aero-
dynamic efficiency and quiet operation. Choose from
the widest line in the industry including the Sprite®,
Muffin®, Sentine!®, Skipper®, Whisper®, “'Spartan,’”
Tarzan®, Feather®, Saucer® and Caravel® fans deliver-
ing from 35 cfm to 575 cfm. Unit sizes from 3%” to
10”, MIL spec and commercial units. High altitude
motors available. 50/60 Hz or 400 Hz, single or three
phase. MIL-B-23071 qualification.

RADIAL WHEEL BLOWERS — These blowers
meet specialized cooling and air sampling
requirements demanding higher pressure
and lower flows than conventional squirrel-
cage blowers: e 13-39 cfm e Working
static pressures to 5” wg ® 50/60 Hz and
400 Hz, single or three phase e MIL spec
® High altitude Altivar€ motors available.
e Long-life ball bearing induction motors.



Whatever the air moving application .
just the fan or blower you need. If we don’t, we'll develop one for you.
No one else offers so broad a line or so deep a capability.

If you would like to learn more about any of our fans and blowers,
or our free laboratory facilities and application engineering assist-
ance, drop us a line. We'll be happy to send you our Quick Reference
Catalog describing our complete line and our capabilities in air
moving devices.

o

- JS.

VANEAXIAL FANS, — Rotron-pioneered Axi-

max® fans feature time-tested reliability in

severe environments. These tiny fans cool =
tightly packed airborne and ground-based - N
electronics equipment with minimum size I . o
and weight: e 22.157 cfm (400 Hz) ® 134" "
to 37 diameter ® MIL-E-5272C qualification — S
® 4-14 oz. weight ® 114”7 to 3”7 wg static (y w
pressure, Diameters from 134" to 3”.

614"

SQUIRREL CAGE BLOWERS — Move moderate vol-

umes of air against high static pressures in a

wide variety of applications such as RF trans-

mitters, computer consoles and avionics equip-
ment. Simplex, duplex, and space-saving inverted
designs available for every application. e Long-
life ball bearing induction motors e 50/60 Hz or
400 Hz, single or three phase ® Wheel sizes from
1,7 to 7”. MIL spec and computer quality
e Convenient mounting options e 10-2600 cfm
o Working static pressures to 5” wg e High
altitude Altivar® motors available.

5%‘11

.
HIGH PRESSURE/VACUUM AIR MOVERS — Used in

computer peripheral equipment, perform pneumatic
functions such as magnetic tape buffer storage, card
and document handling, and for air sampling and air
handling applications. Long reliable life and low noise
jevel. “Spiral”® and *“Duplex Spiral” provide high
performance in a compact, economical package. Multi-
stage blowers offer a wide range of performance
characteristics: ball-bearing induction motors, 50,60
Hz and 400 Hz, single or three phase, pressures to
55/ wg (2 psig), 17-385 cfm, no RFI, no maintenance,
MIL spec and computer quality.

. chances are Rotron has

CABINET COOLING PANELS — For flushing 197
rack mounted equipment, these panels offer
Rotron standards of quality and reliability in
51,7 & 7" heights. Large capacity, washable
filters insure clean air ® 155-400 cfm e Ball
bearing induction motors @ MIL spec or com-
mercial quality ® 50/60 Hz or 400 Hz, single
or three phase ® Quiet operation.

Write, wire or call today for complete details

ROTRON

0TRO N MANUFACTURING
COMPANY, INC.

WOODSTOCK, NEW YORK « 914-679-2401

West Coast: Rotron/Pacific, Burbank, Calif.
Canada: Aerovox Canada Ltd., Hamilton, Ont.
Rotron Europa N.V. Breda, The Netherlands




" Doing business with Arco can get you into some pretty tight spots.

We carry Deutsch subminiature connectors.

Using them, you can make mass-circuit connec-
tions in tight spots (from the size of a silver-dollar to
a dime).

For example, a Deutsch subminiature with the cir-
cumference of a quarter holds up to ninety-one #22
contacts (with .080 center to center spacing). Doing
the same job with conventional units takes three
times as many connectors and three times the space.

In addition to cylindrical units, Deutsch offers rec-
tangular subminiatures.

There are two basic coupling types: bayonet-lock,
and push-pull. And they can be used in hermetically-

Arco Electronics

* A DIVISION OF LORAL CORPORATION

sealed, environmental, and non-environmental appli-
cations.

Are they hard to get? Not at Arco. We carry more
than any other distributor. And because Arco is also a
manufacturer, we've set ourselves up to assemble
Deutsch subminiatures as well as Deutsch does.

Whether you order one or even hundreds of units
from Arco, you get the most reliable subminiatures
you can buy. And shipment within 24 hours.

So we keep you out of tight spots on quality and
delivery. But we get you into the tight application
spots you want faster than anybody else.

Community Drive, Great Neck, N.Y. / Arlington, Texas / Elk Grove Village, Illinois / Pasadena, Menlo Park, California.
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< —— Environment Proof

is what we call it.

The Stackpole Series 100 miniature rotary switch
is here! New, compact 1%” diameter body size. To-
tally enclosed to protect against exposure, contact
contamination and production damage. Explosion-
proof. Ideally suited for today’s rugged demands
and space applications.

Reliability and long life are assured by
Stackpole’s unique mode of switching—field proven

in the larger Series 600 switch. Internal intermixing
of electrical functions and interconnection of decks
and terminals provide unprecedented switching
versatility. Inherently economical — Stackpole en-
closed rotaries are competitively priced with open
deck, clip type switches. This new versatility and
economy encourage complete freedom of design
and afford the use of enclosed rotary switches for
all applications.

Sample switches, made to your exact specifica-
tions, are shipped in 2 to 3 days and production
quantities in 2 to 3 weeks. For prompt quotations
and samples, send your wiring diagrams or speci-
fications to: Electro-Mechanical Products Division,
Stackpole Carbon Company, St. Marys, Pa. 15857.
Phone: 814-834-1521. TWX: 510-693-4511.

@

ELECTRO-MECHANICAL
® PRODUCTS DIVISION
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it figures,

and figures fast—for over 22 billion operations without
fail or falsing !

Clare Mercury-Wetted Contact Relays take continuous
operation and heavy-duty service demands in stride . ..
step far ahead in simplifying advanced circuit design.
With no mechanical wear, no electrical erosion, contact
resistance remains low, constant, over billions of opera-
tions. The mercury film provides a continuously renewed
contact surface which breaks rapidly to minimize arcing.

Consider, too, the combination of high speed and low
contact noise generation ... the elimination of contact
bounce and chatter and resulting false signalling ... power
gain up to 5000. .. sensitivities as low as 20 mw . . . built-in
input/output isolation. _

NEW Design Manuals are ready! Circle Reader Service
Number, or ask Clare for Manuals 801 and 802...write

Group 9N8,
C. P. Clare & Co., Chicago, lllinois 60645
e Life: 22 x 10? operations e Switching speeds to
—with no maintenance 1 millisecond
e Versatile contact load
PY LOW, constant contact Capabilities ...low level to
resistance—no electrical 250 va
erosion or mechanical wear e High power gain—up to
5000 with no noise sensitivity
e No contact bounce e Sensitivities as low as 20 mw

CLARE MERCURY-WETTED
CONTACT RELAYS

for input analog switching, output power conversion switching, solid state input and output buffering

Circle 35 on reader service card






How to make sure

you are not in the dark on the latest
in Lighted Pushbutton Switches

Take a new look into the complete line available from
MICRO SWITCH.

Ever since MICRO SWITCH introduced the first modu-
lar pushbutton switch with lighted legends, the line has
been expanding. New modules, new assemblies, new
ideas now offer you more opportunities to work out cus-
tom answers to today's panel requirements.

In addition to the popular Series 2 which started the
modular trend, the line now includes Series 2N and Series
2C200. All three offer unequalled freedom of design—in

sheer number of possible control and display combina-
tions—in ease of installation—and in panel appearance.

MICRO SWITCH gives you another bonus: application
experience. Qur specially trained field engineers will be
glad to discuss your requirements. They are backed by
the industry's most elaborate research and development
facilities.

For information, contact a Branch Office or Distribu-
tor (see Yellow Pages, under ‘‘Switches, Electric'’) or
write for literature.

MICRO SWITCH—the line providing unequalled freedom of design with all this versatility

=
&

Series 2 offers both rectangular and

round display, permitting shape-coding
of stations or group functions. Snap-in

=/

mounting. Solenoid puli-in and/or hold-
in coil for remote control.

£5

44

Series 2N, Shock-
resistant spring-
lock mounting.
Hold-in coil. Re-

Series 2C200,
Snap-in mounting.
Relamp without
tools. Available with S

,,
"’Js@

!

=
;] RFishield, and |z yf lamp without tools.
| ‘lll' solenoid pull-in or W Molded-color hous-
p LBk hold-in coil for re- ings.
mote control. s
NN

£

in BUTTONS—Choice of 1, 2, 3, or 4-section buttons.

in COLOR—Wide selection of transmitted and projected
(filtered) color schemes, and 1 to 4 lamps for up to 4-color
displav.

in CIRCUITRY—Up to 4-pole double-throw and 2-circuit
double-break contact arrangements.

in RATINGS—Wide selection of modules for handling low
energy to heavy duty electrical loads.

in WIRING—Solder, screw or quick connect wiring ter-
minations

in MOUNTING—Snap-in flange and barrier mountings or
spring-lock panel attachment.

in REMOTE CONTROL—Only MICRO SWITCH has both
remote actuation and release of switching contacts.

MICRO SWITCH

FREEPORT, ILLINOIS 61032
A DIVISION OF HONEYWELL

HONEYWELL INTERNATIONAL — Sales and service offices in all principal cities of the world. Manufacturing in United States, United Kinguom, Canada,Netherlands, Germany.France,Japan.

Circle 37 on reader service card



wo more 24 Kt.
old processes

rom Sel-Rex.
ne may be

9.99+ better
or YOU.

Deposits from Pur-A-Gold 125* and Pur-A-
Gold 401* neutral gold plating processes are
99.994-% pure, free of organic contaminants
and are uniform in distribution. Both processes
are used in semi-conductor manufacture be-
cause they’re extremely stable and consistently
produce high performance results.

One maker of integrated circuits gets excel-
lent die attachment with only .000050” of a
401 deposit in place of the .000100” he needed
with a previous process. A transistor manufac-
turer reports excellent high temperature resist-
ance for a 125 deposit...350°C in air for over
one hour without discoloration.

Which process is better for you depends on
your product, your processing cycle and your
performance specifications. But with either, you
get more than a reliable plating process. You get
the back-up service that has made Sel-Rex the
leader in precious metal plating technology.
Write for a comprehensive guide to precious
metal processes.

Sel-Rex Corporation ®
Dept. X-9, Nutley, -

New Jersey 07110

*Processes patented, trade marks registered
Subsidiaries and associated companies in Canada, Switzerland, Great Britain, France, Holland,Japan, West Germany.
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LEAD-BONDING CAPILLARY TUBES OF TUNGSTEN CAR-
BIDE, with bore sizes as small as .0008”, are made possible
by Tempress’ unique ability to machine and polish ultra-
hard materials in microdimensions. This has brought a new
efficiency to semiconductor manufacturing. Bonding tips

: i

At .0008" dia., Craftsmanship is paramount

bonding of leads to semiconductors has brought important
savings in time, tools, and materials to the nation’s leading
semiconductor manufacturers. Equally fine craftsmanship
is applied to the Tempress line of diamond scribers, lead-
bonding wedges, diamond lapping points, and other minia-

re held in shank by a magnetic system, permitting
stant replacement, even while heated. Heated shank
jaintains constant tube temperature from 0° to
50°C. This unique system for thermal compression

ture semiconductor manufacturing tools.

TEMPRESS

Tempress Research Co., 566 San Xavier Ave., Sunnyvale, California

Circle 39 on reader service card



Why pay $1640 for a Cimron
when you can get a 4-digit DVM for $1000?¢

Because, aren't many of the features you con-
sider necessities sometimes labeled extra price
options? By the time vou add them to the stripped
down 1nodel, you pay more anyway. Cimron’s
Model 6650 has options, too—but the base price
starts you off strong with more of the features
vou call necessities. Like auto ranging and polar-
ity. Like 5th digit overrange; like an accuracy
of .01% ES. for 6 months; and IC’s. It also has

ratio, 10 KM ohm input impedance, blanking,
filters and expandable functions. And versatility!
It comes with computer outputs so you can use
it as an analog-to-digital converter in computer
systems work; sample rate is 1000 readings per
sccond. That’s customer concern, the extra built
into every Cimron instrument. Model 6650, just
$1640. For details, write Cimron, Department
A-109, 1152 Morena, San Diego, California 92110.

(= [V ]- (=] NP
A Division of
Lear Siegler, Inc.
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FOR YEARS,

YOU'VE PROBABLY HEARD

WE'RE IN “2n

d PLACE”

IN THYRISTOR PRODUCITS...

~ whene the priceless ingnediont & cane!

Electronics | September 18, 1967

8 A PLASTIC 8 A TRIAC PLASTIC
THERMOPAD* SCR  — controls 1,920 W  BILATERAL TRIGGER

— 50¢ volume-prices — low-cost reliability

LISTEN CAREFULLY NOW,

In just 6 months, Motorola has introduced more than 15 state-
of-the-art thyristor and trigger products — more than all other
manufacturers combined! There are now more than 270 dif-
ferent Motorola SCR’s, TRIAC’s, triggers and unijunctions in
14 individual cases available for your power control applica-
tions. And, since you'll design in thyristor power control only
once this year, why not look over the newest developments
first? . . . send for the comprehensive, new, applications-
oriented, “Power Control Circuits Library” and a Selection
Cuide to the broadest, up-to-35-ampere thyristor line
available. Box 955, Phoenix, on your company letterhead.

*Trademark of Motorola Inc.

MOTOROLA

Semiconductors
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FROM PAR| Detection, Measurement or Comparison of Noisy Signals
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New Signal Correlator

PERFORMS AUTO- OR CROSSCORRELATIONS IN REAL TIME
CORRELATION FUNCTION COMPUTED FOR 100 DELAY POINTS SIMULTANEOUSLY

The PAR Model 100 Signal Correlator,
a general purpose, high accuracy in-
strument of wide dynamic and delay
range, computes the auto- or cross-
correlation function of input signals
and makes them available for contin-
uous display. This system computes
100 points of the correlation function
over total spans from 100 micro-
seconds to 1 second. It operates by
simultaneously multiplying one input
signal by 100 separate delayed rep-
licas of the second input signal.
The resulting 100 products are individ-
ually averaged and stored in analog
memory elements. Readout, which
may be performed continuously as the
correlation function is being com-
puted, is accomplished by scanning
the memory bank at a rate consistent
with the speed of the external read-
out device, e.g., an oscilloscope or
x-y recorder.

Correlation analysis — an extremely
powerful signal processing technique
in many areas of science and engi-
neering — has heretofore been neg-
lected, largely due to a lack of avail-
ability of suitable equipment. The

PAR Model 100 Signal Correlator will
be useful in such diverse fields as
aero- and hydrodynamics, plasma phy-
sics, vibration analysis, radio astron-
omy, radar, lasers, medical physics
and geophysics.

PAR Model 100—

Hundred Point Time Delay Correlator

SPECIFICATIONS IN BRIEF:

Total Delay Range: 100 »Sec to 10 Sec
in 1, 2, 5 sequence.

Input Signal Levels: Peak-to-peak sig-
nals of 0.4 volts to 200 volts are
accommodated without overload in
each channel.

Correlator Gain Factor: At gain of 1 in
each channel, 1 volt into each input
will give 1 volt of correlated output.
Gain for each channel is .01 to 5, in
1, 2, 5 sequence.

Noise and Dynamic Range: Base line
noise with no signals, 103 volts
peak-to-peak. Maximum correlated
output, =3.5 volts.

Frequency Response and Resolution:
Channel amplifiers flat to 1 mega-
cycle. Resolution: 100 sampling
points on output function.

Averaging Time - Constant: Nominally
20 seconds: May be changed to any
value from 0.1 to 100 seconds.

Accuracy: Better than 1%.

Readout: 0-3.5 volts at sweep rates of
20 per Sec, 1 per 10 Sec, 1 per 50
Sec.

Price: $8500.00. Export price approx -
imately 5% higher, except Canada.

Typical Photograph of Crosscorrelation
Function of Input and Qutput Signais of
Complex Passive Network Driven by White
Noise.

For more information call (609)
924-6835 or write Princeton Applied
Research Corp., Dept. D, P.O. Box 565,
Princeton, N. J, 08540.

PRINCETON APPLIED RESEARCH CORP.

42 Circle 42 on reader service card
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Computer

Little brother

When the Hewlett-Packard Co.
introduced its 2116A computer at
last vear’s Fall Joint Computer Con-
ference, it stressed that the machine
was specifically designed to handle
data from instrumentation svstems.
And so it was. But at the upcoming
Fjcc, Nov. 14 to 16. n-r will unveil
a companion to the 2116A. a
stripped-down version with almost
the same capability but costing con-
siderably less. And now the com-
pany makes no bones about its in-
tentions. “The elaborate software
program we developed for the
2116 suits it for a much bigger
market—the general-purpose mar-
ket,” savs Tom Perkins. marketing
manager of u-r’s Dvmee division.
The announcement marks Dvmec’s
entry into the field of general-pur-
pose compuiters.

The new machine, called the
2115A, will be available early next
vear at a price of about $16.500
including a teleprinter. and will
compete with the Digital Equip-
ment Corp.’s pppr-8. Its introduc-
tion rns counter to the recent
trend among makers of small digi-
tal computers, who have gener-
ally been tving their products into
instrumentation  svstems [Elec-
tronics, April 17, p. 161]. IHewlett-
Packard found that half its sales of
the 2116A were for general-purpose
computation.

Bilingual. The 2115A rectains a
feature of the 2116A that made it
especially attractive for instrument
systems: input-output channels are
controlled by plug-in cards, rather
than by resoldering. But H-p is
offering both Fortran and Algol
compilers with the new computer
to make it useful for problem-solv-
ing as well. Algol will also be avail-
able with one 2116A, and u-r may

Electronics | September 18, 1967

offer still another langnage, re-
portedly the General Electric’s
Basic, at a later date.

At its price. savs Perkins, the
2115A affords an attractive alterna-
tive to time-sharing for general-
purpose computing. Hewlett-Pack-
ard itself currently uses abont 20
remote stations linked to a GE com-
puter in Berkelev. Calif.. but Per-
kins savs the 2115A will almost cer-
tainly be used to augment this
computational capability.

Narrowed ranges. The 2115A
looks like its big brother. differing
from it only in physical size and in
a few specifications. Operating
temperature limits are onlv 137 to
45°C. against the 2116A’s 07 to 35°;
cvcle time is 2 microseconds in-
stecad of 1.6; all other speeds are
also 25% slower; core memory is
4,096 or 8.192 bhits instead of 4,096
bits expandable to 32.000; and the
2115A will accept only eight input-
output plug-ins at a time. down
from the 2116\’s 16. Both machines

have 16-bit word lengths.

By cutting down on memory
space and the racks for plug-in
boards. and redesigning the power
supplv. u-p managed to pack the
2115\ into a box 1634 inches wide,
12% inches high, and 243 inches
long. Since its logic structure is
the same as the 2116A’s, however,
any prograin written for the larger
computer will work with the
smaller.

The 2115A is by no means a final
step. “\We envision a family of com-
puters using the same software
package.” Perkins states. He clearly
implies that u-p has sct its sights
on producing an even less expensive
general-purpose computer.

Logical steps. Dymec, which
makes data acquisition systems, got
into computers 2% vears ago when
Kav Maglesbv. the division’s engi-
neering director, saw that if Tew-
lett-Packard were to continue as a
leader in the instrumentation field,
it would have to produce machines

New market. Hewlett-Packard's 2115A represents the company's first move into
the general-purpose computer market. Machine is a stripped down

version of the 2116A.
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capable of handling increasingly
complex instruments. Dymec be-
gan at that time to develop a small
process control computer. “The aim
was to make one that would oper-
ate as simply as a microscope,”
Maglesby says. The resulting 2116A
had an extremely sophisticated soft-
ware package for a small computer,
a factor that may have added to its
cost but also allowed for the de-
velopment of a family of machines.

But the 2116A was designed to
operate in the severe environments
that its associated measuring in-
struments had to endure. The cost
of providing a 0-to-55° temperature
range contributed considerably to
the 2116A’s main-frame price of
$22,000.

The 2115A, on the other hand, is
designed for more friendly en-
virons. And to emphasize its com-
mitment to the computer field, H-p
is providing the smaller computer
with a retinue of peripheral de-
vices for its Fjcc debut. These in-
clude:

= A high-speed disc memory with
180,000-word storage, made by
Data Disc Inc. (with an optional
direct access module so that mem-
ory can be transferred directly
from disc core);

s An extended arithmetic unit,
with plug-in hardware to replace
software routines, that can speed
some operations by a factor of 10
and save some core space;

= A high-speed line printer built
by the Data Products Corp.;

= A high-speed card reader from
Soroban Engineering Inc.

Manufacturing

Retreading bad IC’s

Considering integrated circuit man-
ufacturing costs and the number of
imperfect circuits that have to be
thrown out, it’s no wonder that 1c
makers continually search for ways
to boost yield. National Semicon-
ductor is using a new way to keep
down its throwaway rate: retread-
ing rejects with a laser resistor-
trimming technique.

The circuits are hybrid 1c opera-

44

tional amplifiers with loose speci-
fications—high-input off set voltage,
for example. For good performance,
this specification should be as low
as possible. By trimming one of the
circuit’s two input resistors, the
Danbury, Conn., firm is cutting off-
set voltage to almost nothing.

Results have been so encourag-
ing that the firm may market hybrid
op amps with offset voltage well
below 1 millivolt—a level formerly
approached only by discrete com-
ponent op amps. Offsets as low as
50 microvolts already have been
easily achieved experimentally.

Unyielding. National Semicon-
ductor turned to the new technique
because of the difficulty encount-
ered in achieving the specified 1 mv
offset for its premium op amp, the
7560A. Most of the 1C’s had offsets
of 4 to 10 mv. As a result the com-
pany was forced to sell these op
amps as its second line, the 7560,
at half the $45 price of the premium
model.

The laser system has doubled the
yield of 7560A’s. This, in turn, has
resulted in delivery time being cut
to one month.

Each 1c is placed in a jig in the
trimmer, power is fed to the 1c, and
an operator vaporizes the resistor
material until the required offset
level is reached. This fine tuning
during circuit operation is possible
only with the laser technique. Other
methods, such as sandblasting or
sending voltage or radio-frequency
surges through resistors, can either
contaminate or overheat other cir-
cuit components. Builder of the
laser trimmer was Spacerays Inc.
of Burlington, Mass.

The system uses a pulsed-ruby
laser, and is part of a family of
four trimmers now being marketed
by the firm. The trimmers can be
adapted to either manual or auto-
matic operation, and can also be
used for discrete cermet, wire-
wound, and thick- or thin-film de-
posited-carbon or metal resistors.

Busy signal. Western Electric in
North Andover, Mass., has also
purchased a Spacerays trimmer and
may use it in the production of
precision voltage-divider 1c’s in the
Bell System’s forthcoming T2
pulse-code-modulation  telephone
carrier system.

Western Electric is now trim-
ming glass-encapsulated, depos-
ited-carbon resistors with the de-
vice. Indications are that the com-
pany has achieved tolerances well
below 1% in some tests. Before
trimming, the resistors were often
more than 10% off the mark.

Advanced technology

Righter light

Solid state lasers now have a
chance of achieving the efficiency
of carbon-dioxide lasers, which
can convert more than 30% of
their input to coherent light. If
they succeed, the major reason will
probably be a new breed of pump
lamp developed by the Xerox
Corp.’s subsidiary, Electro-Optical
Systems of Pasadena, Calif.

Eos has done what others have
tried and failed to do: it has built
a pump lamp with an emission
spectrum that can be tailored to
the absorption spectra of various
laser crystals. In one of the com-
pany’s experiments, it matched a
lamp to ncodymium-doped yttrium
aluminum garnet (Nd-vag), one of
the most efficient laser crystals
available.

Waste not. Commonly used
xenon arc lamps emit 95% of their
light at wavelengths Nd-vac can’t
absorb; Eos’s lamp can put 30% to
50% of its output on or near the
absorption lines of Nd-vac. The
company’s light source engineer-
ing department, under its manager,
David Pollock, used a mercury arc
lamp to which had been added
small equal amounts of the iodides
of sodium, potassium, and rubid-
ium,

Both Raytheon and EG&c, one of
the nation’s largest pump tube sup-
pliers, tried to develop such
matched light sources and failed.
Stanford University and the Na-
tional Aeronautics and Space Ad-
ministration also met with mixed
results.

These researchers may have been
stymied by absorption of light by
atoms of the very elements used
to generate desired wavelengths.
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In most laser pump lamps, light
originates in highly energized
atoms in the electric arc along the
axis of the tube. But to reach the
laser rod, the light must pass
through a layer of cooler atoms
near the glass tube envelope: these
cooler atoms absorb much of the
desired light.

Eos found that by adding the
desired elements as jodides, this
reabsorption  didn’t occur. Light
could still be generated in the hot
arca of the arc whose energy would
break up the iodide molecules,
frecing the atoms to emit at the
desired wavelengths. The additives
stay in molccular form in the
cooler area near the envelope and
therefore do not absorb the de-
sired wavelengths.

The company’s lamip  blankets
three of Nd-vac’s four ahsorption
wavelengths: 5,000, 3.800. 7.400,
and 8,100 angstroms. These absorp-
tion lines are higger targets than
they appear to be: os has found
them to he about 200 angstroms
wide. and adding a small amount
of chromium to the rod broadens
the lines even further,

The  5,800-angstrom  line s
served by one mercury and two

sodium emission lines at 5,780,
5,880, and 5.590 angstroms. The
7,400-angstrom line is pumped by
two potassium lines at 7,500 ang-
stroms and 7.600 angstroms. The
8,100-angstrom line benefits from
rubidium’s  7.930-angstrom emis-
sion and sodium’s light at 8,195
angstroms.

Waiting. All this potential is go-
ing to waste. Vietnam work has
pushed laser rescarch into the
background—so far in fact that the
new tube has vet to be tested in
a laser.

But lamps like it mav soon see
service as  reconnaissance  light
sources in Vietnam. FEos has sev-
eral classified contracts for lamps
that would emit only at specific
wavelengths to supply covert il
lumination for tactical photog-
raphy.

Attractive memory

When it was discovered several
vears ago that curopium oxide
(EuO) was ferromagnetic—the
atoms line up in a common direc-
tion in a saturating magnetic field
—it was predicted that EuO filn

Forerunner. Prototype of laser pump lamp tailored to emit at absorption
wavelengths of specific laser crystals; such matching promises
higher laser efficiency.
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would be valuable for a laser-beam
addressable memory since the la-
ser’s heat affects the material’s
magnetic state. What made it at-
tractive was the fact that EuO is
one of a few materials that is both
an electrical insulator and trans-
parent to many optical frequencies.

Last week in Boston at the In-
ternational Congress on  \Mag-
netism. two researchers reported
success with the material. “It can
maintain small magnetization re-
versals, and it requires low energy
for readout purposes.” said George
Y. Fan of x’s Yorktown Heights,
N.Y.. Watson Research Center.

In most efforts on laser mem-
ories, the beam writes on a photo-
sensitive material. The EuO filin
memory under development by Fan
and J.H. Greiner at mx1 employs
heat writing and a magnetooptic
readout,

It operates at liquid nitrogen
temperature, but s is working
on selective doping. which conld
lessen this inconvenience. The dop-
ing method may substantially in-
crease the material’s Curie temper-
ature—the point at which ferro-
magnetism  disappears and the
magnetic moments become disor-
dered.

Heat wave. \While in a magnetic
field. the EuO film is cooled below
the Curie point. making it ferro-
magnetic. \When the  saturating
field is removed. the film remains
ferromagnetic. Then a small bias-
ing field is applied in the opposite
direction and when a focused laser
beam hits a spot on the film, the
temperature of that spot is raised
ahove the Curie point and the fer-
romagnetism is destroved. When
the spot cools down. the ferromag-
netism returns but the direction of
bias field at that spot has heen
changed with respect to the rest
of the filin.

For readout, laser light is trans-
mitted through the film or reflected
by it. In either case, magnetooptic
effects are detected. The difference
in the state of magnetization at a
spot changes the plane of polariza-
tion of the readout light, and this
either lets light through or blocks
it. In the experimental setup, a
photomultiplier detects these ones
and zeroes after the signal is trans-
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mitted through the polarizer.

Quick reading. With thermal
writing, says Fan, a low-power
semiconductor laser beam can pro-
vide nanosecond nondestructive
readout of a small bit size. The
researchers have written bits of
less than 3 microns in diameter
with a 10-milliwatt laser in 10 nan-
oseconds.

In high-speed reading experi-
ments, says Fan, a good signal-to-
noise ratio was achieved by a 1-
milliwatt gallium arsenide laser
pulse of a few nanoseconds dura-
tion. Initial experiments indicate
that the magnetooptical effects in
EuO—particularly the change in
polarization of light when directed
at a magnetized film—are greater
than in garnets. “And the greater
the polarization change,” Fan points
out, “the better the signal-to-noise
ratio.”

Fan sees a potential for this type
of storage in a medium, dense,
high-speed memory, which would
offer a unique combination of size
and speed.

Close look in 3D

Within five years, Nasa officials be-
lieve, every circuit made for a
space mission will probably under-
go a super-inspection by nonde-
structive microscopic techniques
that aren’t available today. The
agency’s Electronics Research Cen-
ter is working on two tools for
nondestrictive screening of mono-
lithic integrated circuits: holo-
graphic mircroscopy and scanning
electron mirror microscopy.

“It’s no good that 99 out of 100
iIc’s are flawless. All must be
screened and all must be flawless,”
points out Kenneth G. Carroll, a
staff physicist at the Cambridge,
Mass., center.

The microscopic techniques be-
ing refined for nondestructive
screening of tiny circuits will also
yield new kinds of information on
blood cells and in other areas of
the life sciences.

In fact, the application of holo-
graphic microscopy to molecular
biology preceded the present at-
tempt to develop this tool for de-
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Flaw. Scanning electron miscroscope at 1,000 x magnification (left) and
3,500 x discloses fault in gold lead ultrasonicaily bonded to gold pad.
This fault would not be detectable by optical methods.

tecting circuit flaws and processing
defects.

“Through holography, a living
cell can be examined in great de-
tail before and after it splits, or
before and after it moves,” says
Raoul F. vanLigten, a rescarch sci-
entist at the American Optical Co.,
Framingham, Mass. “Holographic
microscopyv offers a similar possi-
bility for integrated circuits. When
you energize a chip, the result is
similar to a living cell in motion.
You can compare it, in three di-
mensions and in great detail, with
itself as it was before the change
was macde.”

Below the surface. VanLigten,
who has been working on holo-
graphic microscopy for biological
applications since 1963, has a Nasa
contract to explore the tool for in-
spection of 1c’'s. Two approaches,
using lasers, are planned: output
in the visible spectrum and in the
infrared. Since silicon is transpar-
ent to infrared radiation, this tech-
nique is expected to go beyond
surface symptoms and disclose
what is going on inside an acti-
vated circuit.

Many microscopic techniques
developed in recent years can be
emploved to compare circuits with
the norm. Stress will be put on the
possibility of obtaining signatures
in the form of interference pat-
terns, formed when a coherent
wavefront carrying information
about a standard reference circuit
is made to interfere with one bear-
ing information on a circuit under
inspection.

“The patterns will be like con-
tour maps. Bumps caused by ther-

mal expansion at hot spots, for ex-
ample, will cause changes in the
interference fringes,” says vanLig-
ten.

Unique approach. Signatures of
a different nature are expected
from a scanning electron mirror
microscope. The unique technique,
being explored under a Nasa con-
tract by the Advanced Metals Re-
search Corp. of Burlington, Mass.,
would add a scanning feature to
the electron mirror microscope to
combine high resolution with non-
destructive inspection.

With this technique there is no
bombardment of the sample by the
electron beam. The sample is kept
slightly negative to the beam,
which is reflected from an equipo-
tential field located above the sur-
face.

Voltage between sample and
ground sets up an electric field,
which is an electron mirror of the
sample. The instrument will scan
the field and measure the gradi-
ents. These slopes will be dis-
played on a television-type monitor
to provide a signature of the sam-
ple. It’s believed that the fine-scan-
ning beam will provide a resolution
of better than 500 angstrons, 1/20th
of a micron,

Consumer electronics

Toying with SCR’s

The silicon controlled rectifier, al-
ready in light dimmers, power tools,
sewing machines, washers, food
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Low Voltage Avalanche!

Sharpest Breakdown Below 10 Volits!

The LVA™ is more than just a new
diode: it represents a major break-
through in low voltage regulators
(patent pending). Wherever you
need a zener below 10 volts, the
LVA will significantly improve cir-
cuit performance with its ava-
lanche breakdown characteristics.

With the LVA you can design
better low current circuits, battery-
operated circuits, and operational
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amplifier clamping networks. And
now for the first time, you can
make zero TC reference below
5 volts!

The LVA is available in 10 val-
ues from 10 volts down to 4.3
volts. Delivery is off-the-shelf from

factory or authorized distributors.

If you'd like to compare, write
for test samples and applications
data on company letterhead to

TRW Semiconductors, Ray Koch,
14520 Aviation Boulevard, Lawn-
dale, California 90260. Phone
(213) 679-4561. TWX 910-325-
6206. TRW Semiconductors Inc.
is a subsidiary of TRW INC.

TRW
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FOR SPECIAL-PURPOSE
ELECTRON TUBES...

Oraw
e
0 our capabilities

Give us your specifications for special-
purpose electron tube parts. Vidicons,
orthicons and pencil tubes, for fiber
optics, infrared and similar applica-
tions.

We’ll match them up with our depth
of deep-draw know-how, and our high-
production transfer presses.

Draw deep on our capabilities to
tool and produce the precision parts
you need—to your specifications, on
time, and at the lowest possible cost.
Call or write today.

llﬂ/lh'lf STAMPINGS, ING,

Subsidiary of The Stanley Works
222-35 96th Avenue

Queens Village, L.I., N.Y. 11429
Telephone 212-464-8400
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blenders, auto turn signals, and a
host of other consumer devices, is
turning up inside a turtle.

In a simple but ingenious appli-
cation, Remco Industries Inc. of
Harrison, N.J., one of the leaders
in the multimillion-dollar tov in-
dustry, has put a 27-cent scr into
a toy turtle that’s going to list for
$14.95. The trick is that the scr is
turned on and off—making the toy
move and halt—by voice command.

Whoa. A short burst of sound in
the S00-hertz range turns on the
scr through a sound transducer.
The scr starts and stops a battery-
operated motor that, drives a gear
train which propels the turtle.
Thus. it can start moving at a shout
of “Go!” or stop at a shout of
“Stop!” Tt even responds to a whis-
tle supplied with the toy.

Pat Tomaro, Remco’s engincer-
ing vice president, said that the
company wanted a toy that would
operate via an audio signal and a
small current. “We tried out a re-
lay-operated circuit,” he says, “but
it was too costlv and slow to react.”
He consulted General Electric
where applications engineers sug-
gested the scr approach.

Capsule operation. The scr can
be turned on by a small current
from gate to cathode, and turned
off by removing the load current or
dropping it below the scrs min-
imum holding value. The scr can-
not be turned off by removing the
gate current.

In the accompanying schematic,

the scr’s gate is shown grounded
through the switch assembly and
the sound transducer. When acti-
vated by a sound, the transducer
momentarily breaks the ground and
the scr turns on to energize the
motor. As the motor starts, it trips
a shaft that moves the lever of the
make-before-break switch, S., from
A to B, routing the scr’s load cur-
rent through the transducer. Upon
activation a second time, the trans-
ducer opens the load circuit, the
motor turns off, and the switch
lever is reset to position A. The
cvcle is repeated as often as the
transducer is operated.

The turtle operates from a pair
of D-size dry cells that provide
about 40 hours of operation.

Onthe go

Transistorized auto ignition sys-
tems require no servicing and hold
a fairly flat performance curve
over a period of time because they
maintain a fairly constant ignition
voltage. But there are some serious
drawbacks: at high engine speeds
the systems lose power, and they’re
generally inefficient at low speeds.
In addition, they have trouble re-
starting flooded engines in cold
weather. While some individual de-
signs overcome some limitations,
the only real improvement is the
quitc expensive capacitor discharge
system.

O.K. Nilssen, director of research
for Motorola’s Automotive division,

47040

1/26b 3-vOLT
4700 0-C

MOTOR

SCR
¢ GEC106

CONTROL

Shell game. Here’s how Remco Industries is using an SCR
to start and stop a battery-operated motor inside a toy turtle.
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variable viewing time

ShIit-
screen
dispiays

all in the Tektronix Type 549 |
Storage Oscilloscope l

Waveform display showing train of pulses. Upper screen I
inthe stored mode shows three pulses with falltime of
the pulse trailing edge showing system deficiency.
Lower screen in conventional display mode shows the
same pulse train with corrections applied to provide a
well formed pulse shape. Pulse width shown is 8 us
with risetime of 0.1 us. Vertical deflection factor is 0.5
volts/em. Horizontal deflection factor is 10 us/cm.
Repetitive sweep used for both displays.
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The Type 549 allows up to one hour of continuous visual stor-
age, giving you ample time in most applications to measure
and analyze stored waveforms. Stored displays can be erased
in less than one-quarter of a second.

Split-screen displays

Unique with Tektronix storage oscilloscopes, split-screen dis-
plays bring you many advantages in waveform-comparison
applications. You can use either half of the 6 cm by 10 cm dis-
play area for stored displays, the other half for nonstored dis-
plays, with independent control of each half. You can also use
the entire screen for either type of display.

Variable viewing time

Variable viewing time — an outstanding feature of the Type 549
— allows you to automatically store displays, view them for a
selected time, then automatically erase them on either or both
halves of the screen. Two modes of operation are possible. In
the After-Sweep Automatic Erase Mode, the selectable viewing
time of 0.5 s to 5 s begins at the end of each complete sweep.
After the viewing time, the display is automatically erased and
the cycle begins again when the next sweep is triggered by a
signal.

In the Periodic Automatic Erase Mode, the sequence of storing,
viewing time and erasure is continuous and independent of the
sweep or signal. in this mode, the viewing time can also be
varied from 0.5 s to 5 s.

There is no degradation of stored traces during the selected
viewing time, in either mode, and you canretain or erase displays
manually whenever desired.

Bistable storage advantages

With bistable storage oscilloscopes, such as the Type 564 and
Type 549, the contrast ratio and brightness of stored displays
are constant and independent of the viewing time, writing and
sweep speeds, or signal repetition rates. This also simplifies
waveform photography. Once initial camera settings are made
for photographs of one stored display, no further adjustments
are needed for photographs of subsequent stored displays.

Tektronix bistable storage cathode ray tubes are not inherentiy
susceptible to burn-damage and require only the ordinary pre-
cautions taken in operating conventional oscilloscopes.

Plug-in unit adaptability

Vertical deflection characteristics of the Type 549 are extremely
flexible through use of any of the Tektronix letter- or 1-series
plug-in units. These include multi-trace, differential, sampling,
and spectrum analyzer units. Depending upon the plug-in
being used, bandwidth of nonstored displays extends from
DC to 30 MHz.

Among other features of the Type 549 are 5 cm/us stored writ-
ing speed, calibrated sweep delay from 1 us to 10 s, sweep
speeds to 20 ns/cm, amplitude calibrator from 0.2 mV to 100 V
and a |locate zone for easy positioning of stored traces.

. $2475
. $ 625

Type 549, without plug-in units . . . . . .
Type 1A1 Dual-Trace Plug-In Unit

DC to 30 MHz at 50 mV/cm; DC to 23 MHz at 5 mV/icm.
2 Hz to 14 MHz at 500 uV/cm, single-channel.
U.S. Sales Prices, FOB Beaverton, Oregon

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

Multi-trace, differential,
sampling and spectrum analysis
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...in all Tektronix 530-540-550-series
plug-in oscilloscopes
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hepos POWER SUPPLY DATA W
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KEPCO
POWER SUPPLIES

Kepco publishes volumes of technical
data to provide applications support
for its power supplies. The exploita-
tion of a regulator’s operational cap-
abilities is a new field, enthusiastic-
ally supported by Kepco's software.

For a sampling, subscribe to our
periodical The Kepco Power Supply
News, write for your personal copy
of the Handbook and, if you don't
already have one, ask for a copy of
our big catalog.

For complimentary copies of any or
all of these technical publications,
write on company letterhead to:

Publications, Dept. 4-0
G.P.O. Box 67 » Flushing, N.Y. 11352

50 Circle 50 on reader service card

Electronics Review

and J.F. Ziomek of Ford Motor’s
Product Research office have de-
veloped a new design for transis-
torized ignition systems that is an
improvement over current designs.
In a paper scheduled for delivery
at the meE Antomotive Conference
in Detroit this week, they describe
a simple ignition system using a
saturable transformer in the posi-
tive feedback path of a one-shot
transistor switch.

This approach, they claim, re-
duces power dissipation in the ig-
nition coil as well as in the other
cirenit components because of its
low current drain during stall. It
also provides ‘high electrical effi-
ciency, and does not lose power
at high engine speeds.

Their conclusion: the new igni-
tion system can give 100,000 road
miles of trouble-free operation.

Despite these improvements the
auto firms are still reluctant to
switch to transistorized systems
because they are nearlv twice the
cost of conventional units.

Good timing. In another paper
to be delivered at the conference.
R.L. Ronci of Ford discusses a new
breakerless trigger for a transis-
torized ignition. Tt climinates peri-
odic setting of the breaker point
gap—there are no points—and en-
gine retiming.

He has developed a relatively
simple oscillator circuit capable of
high  average  current  drain
achicved by using a transformer
feedback  arrangement.  When
there’s no oscillation, the transistor
is hiased slightly into conduction.
The small collector enrrent estab-
lished by the diode and the emit-
ter resistor provides enough gain
to start the gircnit oscillating.

Once begun. oscillations bnild
up without further cam movement
bevond the critical point corres-
ponding to unity loop gain. The cir-
cuit is put into the distributor hous-
ing in place of the breaker points.
Rotation of the cam in the air gap
of the trigger transformer causes
the circuit to go into and out of
nonlinear oscillations, producing
a square wave through the 100-ohm
resistor. The breaker trigger also
can be used as a proximity switch
for general automotive and indus-
trial control applications.

Service free. Breakerless trigger would
end point resetting and retiming.

Components

Flip side

In a development that can double
the capacity of magnetic tape. a
physics professor at Madison Col-
lege in Harrisonburg, Va., has hit
on a way to record on both sides
of the tape without any loss in
recording quality.,

Researchers have tried for vears
to find a way to record on both
sides of magnetic tape, but they
have been stymied by the fact that
the magnetic flux from one side
interferes with the other.

The professor, Siegfried S. Mey-
ers, began with the premise that
he couldn’t eliminate the flux feed-
through, so he worked on a way
to keep it away from the opposite
side of the tape.

Turnabout. Ferrite, highly per-
meable to magnetism, was chosen
as a center strip between the two
sides. When magnetic flux from
one side reaches the center strip it
finds it easier to pass through the
ferrite, so it is effectively turned.

Meyers asserts that with the
interference blocked, the recording
and playback quality on both sides
is equal to that of conventional
single-sided tape.

Mpylar film was applied by con-
ventional processes and coated on
the outside with standard magnetic
oxide.

Early efforts along this line re-
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Frequency Synthesizer
80 dB Suppression of Spurious —Resolution 0.1 Hz

FEATURES:

= Wide Frequency Range:
470-1000 MHz
300 Hz - 31 MHz

» High Resolution:
0.1 Hz throughout entire range

" Wide Output Range:
0.5 mV - 3.0 VEMF
Continuously variable; uses 70 dB
precision attenuator

® Spurious Frequency Suppression:
Greater Than 80 dB

= Harmonic Distortion: —40 dB

= Built-in 5 MHz crystal reference in

proportional oven; 2 (10‘9) / day
stability

® Fixed Frequency Outputs:
100 kHz, 1 MHz, 10 MHz

® Solid State Oesign — 19-inch rack
system

Get The Extra Capability,
Greater Reliability, and
Longer Useful Life Of . . .

@ i ¢ o —

- ——ie b

g. 1013450680 [

o’.utt’ut \)\91,

[ XUC/ND30OM

Frequency can be set to 10 digits,

Type XUC/ND30M provides frequencies
to 1 GHz with 3 V output and 80 dB
suppression of spurious signals. Here-
tofore only low frequency synthesizers
with a built-in X10 multiplier stage
(which increases spurious and noise)
were available. Now, with a TRUE
UHF frequency synthesizer, Type
XUC/ND30M supplies signals without
this degradation in spectral purity.

Generation of higher frequencies can be
accomplished in two ways using the
XUC/ND30M:

a) Multiplication: Lower multiplica-
tion factors result in better S/N, for
instance 60 dB at 10 GHz.

b) Synchronization: XUC permits
continuous tuning. Synchronizes to any
frequency up to 80 GHz. Positive syn-
chronization without ambiguity and
with better stability obtained by use of
higher fundamental frequencies, larger
output and improved S/N.

Applications include checking selective
2 and 4 terminal networks, frequency
measurements, microwave spectroscopy,
nuclear magnetic resonance, synchroni-
zation of microwave generators and
tubes, etc.

ROHDE & SCHWARZ

111 LEXINGTON AVENUE, PASSAIC, N. J. 07055 e

201 - 773-8010

Inquiries outside the U.S.A. should be made to: Rohde & Schwarz, Muehldorfstrasse 15, Munchen 8, West Germany.
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“fine line” etcher

for prototypes—Iimited runs

Model No. 201 (illus.),
11" x 14" one-sided
boards or one 11x14"
two-sided board:

etches two

$795

Pat. applied for

from this >
to11”x 14”7

Shown Actual Size

® No cooling or venting required!

® Etches as fine as .001!

® Cuts costs in half—saves time!

® Complete photo processing instructions!
® Work is illuminated while etching!

® No patterning . . .

NOW IN USE BY:

Spraguve Electric
Union Carbide
U.S. Air Force
Western Electric
Whirlpool
M.L.T.

minimum undercutting!

AMP, Inc.

Ampex Corp.
Atomic Energy Com.
Bendix

Charles Brunning
Esso Research
General Dynamics Oklahoma State U.
General Electric Purdve Univ.

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

CYCLO-TRONICS, INGC.

3858 N. CICERO — CHICAGO, ILL. 60641
TELEPHONE: (312)-282-6141
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sulted in a product that was too
thick to be practical. The problem
was solved by cutting dowmt on the
thickness of the Mylar. Further,
the new tape requires no redesign
of recording equipment; the oper-
ator need only rewind the tape or
twist it to record or play back on
the opposite side. Meyers notes,
however, that recorders could be
built with heads to pick up and
play both sides simultancously or
separately.

Mevers estimates  production
costs at “not significantly more”
than those of conventional tape. He
believes the major market will be
the entertainment field. but says
the tape could also be of consider-
able valie in computers and space-
craft, where storage space is at a
prentium.

He developed the process while
working with Doris V. Stage, a
chemistry professor at Madison,
on an in-house grant to study pho-
tomagnetic phenomena. They have
filed for a patent on the process
and Mevyers says several manufac-
turers have expressed interest in
producing the tape.

Military electronics

Drawing the line

The Pentagon’s decision to build a
wall of barbed wire and sophisti-
cated sensors just south of the de-
militarized zone in South Vietnam
to stop enemy infiltrators opens a
new multimillion-dollar electronics
market. If the Vietnam clectronic
wall proves effective, similar tech-
niques may he employed in South
Korea to upgrade the barrier there
along the parz.

Under the plan announced by
Defense Secretary McNamara this
month, a stretch of already-cleared
jungle 2,000 yards wide and 15
miles long will be bugged to de-
tect cnemy attempts to cross the
demilitarized zone.

But the line could eventually be
extended another 30 miles to the
Laotion border and then through
Laos, 115 miles to the border of
Thailand.

Little ears. Although the Defense
Department won’t discuss details
for obvious security reasons, many
features of the system can be pre-
dicted.

Detection must be covert, and
the system will therefore use only
sensors that are buried or camou-
flaged; this eliminates big radars
from consideration. The sensors
must be already operational, or
nearly so, to meet the three- to six-
month deadline set by the Penta-
gon. Also, facilities must be avail-
able for large-scale production.

The system will consist of many
short links because most sensors
operate best at short range, and be-
cause the division of the barrier
into small sectors will make it
easier to pinpoint attempted break-
throughs.

Each sector will be guarded by
at least two kinds of sensors so that
a false alarm by one can be can-
celed or clarified by the other. Also,
a variety of sensors will be em-
ploved in a random mix so the dis-
covery of one won’t reveal the na-
ture of the others. And there will
be a large number of decoys.

Booby traps. An claborate tele-
metry network will tie every sen-
sor to a central control station, and
also, in some cases. to a mine or
other kind of destructive trap.
Thousands of telemetry receivers,
fuses. and servo controls will be
needed for the traps.

A battery of displays will be in-
stalled in the central station. If
simple displays are used. reports
will be ambiguons. To avoid num-
erous sorties by troops to confirm
alarms, the shortcomings of cach
tvpe of sensor might be programed
into a computer with instructions
to check one sensor’s blind spots
against information from other
sensors. Since many combinations
of detection devices are possible,
programing the the network will be
a big job.

A number of anti-intrusion sen-
sors are already, or nearly, opera-
tional. They include active-infra-
red, seismic, pressure, magnetic-
strip, acoustic, and simple break-
wire devices [Electronics, Aug. 7,
p. 46].

The Army’s Ft. Monmouth is di-
recting the project.
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The only diodes
we know of

that are
bottled-in-bond.

As a matter of fact, “bottled” is sort of a crude
word for the way we fuse our diodes in glass. But
it s a way to illustrate an important point.

In the Unitrode diode, the silicon die is metal-
lurgically bonded at 1150°C to two terminal pins
of exactly the same diameter and thermal co-
efficient.

This gives you a bond that is stronger than the
silicon itself. So much so that the silicon will break
before the bond does. Then the bonded unit is
placed in a hard glass sleeve which is fused at
850°C to the entire surface of the silicon, giving
you a voidless, monolithic structure.

It’s true this is a lot more complicated than
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bottling, but it accomplishes a lot more than
bottling, too.

In the first place, the unit is almost indestructi-
ble. The machine hasn’t been built that can fail a
Unitrode diode in acceleration, vibration, and
shock tests.

And then, because both pins and glass match
the silicon’s thermal coefficient, even the tiniest
Unitrode diode can withstand a one microsecond
surge of 600 amps. And the largest (which is
pretty small, too) can take 4000.

Every Unitrode can handle as much energy in
the avalanche as in the forward direction, and
still meet initial spec limits after 2000 hours of
life-testing.

What else?

Well, you can apply full PIV at high temper-
ature to a Unitrode diode for weeks at a time, and
it’s just a waste of good current, because it doesn’t
move it.

All of which isn’t to say that some of the other
things that are bottled-in-bond haven’t got some
pretty interesting characteristics. But they’re
hardly in competition.

There’s one thing they do have in common,
though. ““Bottled-in-bond” on the label usually
means you can rely on the quality. We try to
build the same idea into our parts. It’s true, we
end up with a product that may be better than
some applications really need. But we’re willing to
accept that. You can’t sell everybody . . .

Can we tell you more about our parts, or send
you samples? We're at 580 Pleasant St., Water-
town, Mass. 02172. Telephone: (617) 926-0404.

TWX (710) 327-1296.
DE’

WNIT
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The Model 6000 Modular Frequency Meter will measure frequencies
10 KHz to 600 MHz with .000125% accuracy. Special plug-in modules
allow the instrument to be used as an audio frequency meter from
500 Hz to 20 KHz full scale and in addition to be used as a dc
voltmeter (10,000 ohms/volt).

The wide variety of plug-in oscillator accessories and range modules
makes the Model 6000 adaptable to a number of jobs in the field

and in the laboratory. Portable, battery operated with rechargeable
batteries.

Model 6000 with 601A charger, less plug-in modules.. . ... . $195.00

INTERNATIONAL MODEL 6000 FREQUENCY METER

measures frequencies 10 khz to 600 mhz with
accuracy as close as .000125%

Range Modules (Mixers)
CHARGER $25.00 to $45.00 each

Oscillator Modules

(Crystal Controlled For
Frequency Measurement)

:

Y $30.00 to $90.00 each
e 4 Special Modules W ‘ > r‘ >
P N

—

AT
.

v Audio Frequency ... .... $45.00
Y DC Volitmeter............ 25.00

accuracy
counts!

d. Range Modules
b. oscinator Modules

... For complete information

—— ’
write International today. INTERNATI ONAL

NI
CRYSTAL MFG. CO,, INC.

10 NO. LEE @ OKLA. CITY, OKLA. 73102
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For the record

Car tests. Using what its maker
bills as the first computer system
for checking auto health, two diag-
nostic centers have opened in Eliz-
abeth, N'J., and Chicago. The de-
veloper is Universal Testproducts,
a subsidiary of Allen Electric and
Equipment Co. of Kalamazoo,
Mich. At the centers, an Allen 1280
digital computer produces a
printed readouwt grading the car
good, failing, or marginal in 150
tests ranging from air conditioner
to windshield washers. On another
front, the Pontiac Motor division
of General Motors plans to offer
its 3400 dealers a new electrical
diagnostic system called Sercon
(for service connection). It plugs
into bulkhead connectors and
checks out a car's major wiring in
a single test instead of having a
mechanic check the battery, horn,
and so on individually.

On track. Drivers on superhigh-
ways may soon be leaving the driv-
ing to clectronics. Two indepen-
dently developed antomatic control
svstems. which will be described
at the 1Ee Automobile Conference
in Detroit next week, can keep a
car on course and properly spaced
in high-speed traffic. At Oklahoma
State University, engincers have
tested a guidance control system
that features an eclectronic eve
which tracks a line painted down
the highway. The system steers
and brakes the vehicle. Meanwhile,
an Ohio State University team has
developed a system, using infrared
radar, for automatically spacing
cars.

Light touch. The fast-spinning
turbine spools of jet engines may
soon be balanced and freed from
vibration and the job will be done
with lasers. For $69.000. Spaccrays
of Burlington, Mass., is building a
prototype production line balanc-
ing system for the Allison division
of General Motors, a major jet en-
gine producer. The pulsed laser
system will remove excess metal
from turbine spools as they rotate
at operating speed; these spools
are the largest, heaviest candidates
to undergo laser dynamic balanc-
ing yet.
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Two 100-megawatt modulator waveforms
can’tindicate your best choice in a switch tube.

But our unbiased advice can.

That's because we're experts in
both high-vacuum power tubes
and hvdrogen thyratrons for pulse
modulation. So we play no favor-
ites when it comes to helping you
with tube selection. In fact, we
work directly from your particu-
lar application requirements in
specifying or designing the right
tube for the job.

We’re used to solving problems
in existing systems, too. For exam-
ple, negative grid current in high-
vacuum power tubes. It was a
characteristic that had been caus-

ing excessive equipment downtime
in LORAN navigation transmitters
...until we devcloped the Type
F-1086 vacuum tube in which there
is no negative grid current through-
out the operating range of the
equipment.

We've been just as busy in ce-
ramic hydrogen thyratron R&D.
For Type 8479/KU-275A, we per-
fected a new keep-alive electrode.
It allows the tube to switch up to
100 megawatts and maintain less
than 0.15 microseconds variation in
anode delay time over a wide range
of operating conditions. The result:
a “repeatable” tube for the largest
linear accelerators.

ELECTRON TUBE ITT

By applying a new gradient tech-
nique from our F-1087 100-KV
thyratron development, we are
developing a tube that will have
almost four times the current car-
rying capability as the KU-275A...
and with even greater voltage
hold-off.

And we're doing a lot more in
the gas-and-power-tube field to
benefit your design needs. Ask us
for general information or specific
answers. Write: Dept. EL, Electron
Tube Division, International Tele-
phone and Telegraph Corporation,
P.O. Box 100, Easton, Pa. 18043.

Electronics September 18, 1967

Circle 55 on reader service card

55



Wayne Kerr

B301B VHF
Admittance Bridge

+25..1-100me

... Balanced or Unbalanced
Measurements On Antennas m Cables

B Transmission Lines. Also, Input Impedances
of Amplifiers and Receivers
B Transistor Parameters ® VSWR, etc.

Versatile describes the features and
performance of the new Wayne Kerr
B801B VHF Admittance Bridge.

Alone, the B801B provides +2% ac-
curate measurements of antennas,
cables and transmission lines, as well
as Input impedances of amplifiers and
receivers over the frequency range
1-100 mc. It can also be used for
checklng transistor parameters, VSWR,
and a wide variety of component meas-
urements, Including shunt capacitance
of coils.

In conjunction with the Wayne Kerr
Q801 Adaptor, the B801B provides a
most convenient means for performing
both grounded-base and grounded-
emitter measurements of all common
small-signal AC transistor parameters,
from 1-100 mec.

Of particular importance, two-terminal

balanced or unbalanced measurements
and three-terminal measurements are
easily performed, and thumb-wheel-ac-
tivated dials permit rapid bridge balance
and direct readout of admittance in terms
of conductance and positive or nega-
tive capacitance.

Weighing only 9 pounds, the B801B
is readily portable to remote locations
such as field antenna sites, cable runs,
and transmission lines.

B801B in conjunction with Wayne Kerr SR268
Combined Source and Detector, with single dial
tuned system to provide ganged iuning of source
and detector from 100kHz-100MHz simultarieously
in one operation.

For literature and detalled speclfications, write:

18-BFrink Street, Montclair, N. J. 07042 ¢ Phone (201) 746-2438

Wayne Kerr corporarion

INNOVATIONS IN INSTRUMENTATION
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Day in court. The Radio Corp. of
America has successfully defended
its ownership of one of the basic
color-television patents. The 65-
page ruling of the Federal District
Judge Caleb N. Wright in Wil-
mington, Del., went against Philco-
Ford, whose attorneys have not yet
decided whether to appeal.

Radar award. The Radio Corp.
of America will get an initial $2.5
million Air Force contract to build
the rrs-95, an over-the-horizon ra-
dar to be installed at undisclosed
sites overseas as part of the 466L/
440L clectromagnetic intelligence
system [Electronics, May 1, p. 48].
The office of the Air Force Secre-
tary predicts the total value of the
contract will run to about $8 mil-
lion. In the competition for the
order, rca beat out General Elec-
tric, 1rT, and a unit of Sylvania
Electric Products.

Happy landings. Space agency
officials this month nervously sat
through two missions that experi-
enced technical hitches but finished
strong. Surveyor 5, despite fuel
system problems that seemed for
a while insurmountable, soft-
landed on the moon within 18 miles
of its target site. The television
cameras aboard immediately began
to transmit high-resolution pictures
described as “best yet from a Sur-
veyor,” and the magnetized leg of
the craft picked up a gencrous sup-
ply of magnetic particles from the
lunar surface. Over the same week-
end, communications problems and
a tropical storm in the recovery
arca caused Biosatellite B—with a
passenger list that included plants,
beetles, wasps, and fruit flies—to
be returned to earth after two days
in orbit instead of the scheduled
three. An Air Force plane snared
the encapsulated specimens in
mid-air and flew it to Hawaii. The
purpose of the mission was to de-
termine the effects of weightless-
ness and radiation on living or-
ganisms. Nasa’s relief after the
tense weekend was more than un-
derstandable as each of the satel-
lite’s predecessors had failed; Sur-
veyor 4 crashed on the moon in
July and the first Biosatellite
wound up stranded in orbit last
December.
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To pay too [ittle is to obviously
speculate. To spend too much is
to be foolishly extravagant. The

real value of any purchase is ™

determined in performance, not

price. Resistors are like this also.

For yedrs, Stackpole fixed com-

position resistors. have- been the

standard of value for many fead-

ing manufacturers of electrical *

and electronic  equipment. Engi-

neers have becbme familiar with
the testing and evaluation that

go into each Stackpole resistor
order Purchasing people know
they can expect promp'r dehvery
And management js assured of
~complete, in-depth sérvice backed
by sixty years of experience.

It's for reasons like these that
Stackpole resistors are selected
to maintdin top performance on

so many established productsand
on & growing number. of ‘brand -

new ones. Such confidence and

loyalty cannot be based on price
“ alone, but instead come from the

kind of dependability that.builds

“a reputation for your product.

Uniformity. js a known charac-
teristic of Stackpole resistors.

'Uﬁi'que 'prod‘u?tﬂ'qn 3m<§fh‘od's ‘cou- -
‘pled with:thorough testing dssure
you absolute performance. You V

canrestassured that the Sfackpo]e
resistors you order today will be
identical in every way, order

after order.

from: 2, 1;

Are you getting whuat you '-pd'
for.in a resistor? Why notinvesti

‘gate the value Stéckpole resistory
“can give you. Quality, economi
‘cally priced and backed by the

Stackpole
There are four sizes to.choos
Vo and Y watts.

For samples or a copy of ou
new booklet, “How to spot a

recognized name. . ..

quality resistor”, write: Stackpole

Carbon Company, Electronic
”'Componen'rs Division, Kane, Pa.

16735. Phone: 814-837-7000 -

TWX: 5 1 07695-8404.

"“ : _.‘ 5
e Q' 0

ELECTRONIC COMPONENTS BIVISION




CAUSE:

THE ANNULAR PROCESS AND

"FIELD RELIEF ELECTRODE'" TECHNIQUES

FAVE MADE POSSIBLE INCREASED-VOLTAGE DEVICES
W_TH INFINITELY GREATER ASSURANCE OF RELIABILITY.
TODAY, A LARGE PERCENTAGE OF "GREATER PERFORMANCE"
SILICON TRANSISTORS MAKES USE OF

ONE OR BOTH OF THESE TWO KEY INVENTIONS.

BOTH ARE PATENTED BY MOTOROLA.™

EQUIPOTENTIAL METALIZATION METALLIC CONTACTS
(“FIELD RELIEF ELECTRODE )
P+ ANNULAR BAND Si0, PASSIVATION N
= -P+ ANNULAR BAND
S S
L ITILLY, WL

' P-TYPE EPITAXIAL COLLECTOR REGION

P+ SUBSTRATE
- — -}
INDUCED
N-TYPE BASE REGION P+ EMITTER REGION N-TYPE CHANNEL

“Field Relief Electrode — Patent =3,302,076
Annular Structure — Patent £3,309,245 and =3,309,246

~where the priceless ingrediont & cane!
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EFFECT:

...Total NPN/PNP Silicon Transistor Coverage

NPN/PNP General-Purpose Switch € Amplifier Types NPN/PNV Saturated Switching Types
o NN TR | [ ] CINPNTYPES | / ’ B b
PNP TYPES PNP TYPES
300 S— ( - ‘ | §
// 7 | | % |
! : / ’ B v 7om i
5 2 g | %
| 3 o 7 | — _L ‘ i - ; W//V/ “ r
\‘I‘ /, v |
& 150 ’_T 2 30 r t 7/ ////% |
// | ] // // | 1
| 77 77 10 7
80 .
s0 2 7 7| / 7
g | 0 j/ Wk
o 7. ImA 0 100 500 1A 3 s

d
1imA 10 SO 100150 300 ILSA 345
Optimum Collector Current

Optimum Collector Current

No matter what your application, chances are
Motorola has a Silicon Annular transistor to fit it.
The charts above are indicative of the broad voltage
and current ranges covered. All are fabricated us-
ing the Annular Process, Field Relief Electrode or
both. Result: State-of-the-art devices -- free of
failure due to surface or bulk defects'*

If you've been hemmed-in by designs that you
had to put '"on the shelf" for lack of an appropriate
Oor inexpensive Silicon transistor -- drag 'em out
and dust 'em off! We've prepared a simplified, yet
comprehensive cross-reference and selector guide for
all types of Silicon transistors -- General Purpose
Switches and Amplifiers, Saturated Switches and
Small-Signal RF devices -- that shows you the kind
of performance available. Send for it.

*Includes all 38 MIL-qualified switches and 34
low-power, general purpose transistors,

MOTOROLA Semiconductor Products Inc.

P. O. BOX 955 / PHOENIX, ARIZONA 85001
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Two words caught in

the semantics squeeze.

Should you be looking for components
that won't ever fail? Is failure rate the
only measure of reliability? Is confidence
in a supplier bred only by statistical
accumulation?

Today, there's no such thing as a part
that can't fail. And ‘‘statistical confi-
dence' from millions of test hours is
economically prohibitive because as fail-
ure rates decrease, the cost-of-proof in-
creases sharply.

It comes down to plain old contidence ...
in us and in our production system.

Call it reliability. Call it confidence. We
think it's both. And our Director of Re-
liability makes sure you get it. He's in-
volved in everything from basic designs
to final inspection to assure you of homo-
geneity and performance repeatability.

At IRC confidence and reliability in resis-
tors, in potentiometers and in semicon-
ductors are achieved by discipline, not by
selection. Your questions on reliability
will get top management attention by writ-
ing to: Vice President, Reliability.

President

Vice President
Reliability

IRC, Inc., 401 N. Broad St., Philadelphia, Pa. 19108
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Whatever you need in rectifiers, you'll find it fastest
and best at International Rectifier. We can make
that statement because we're rectifier specialists.
We make more—and more types—than anybody
else in the business. And each device shown here
represents a whole series or sub-family of units
having a wide range of values and sizes.

Whether your need is electrical or electronic, you're
assured of finding the exact rectifier you need
among the Great Family of International Rectifier.
And we can offer you the most comprehensive
catalog and application data in the industry. Write
for information on any of the groups shown above.

INTERNATIONAL RECTIFIER

SEMICONDUCTOR DIVISION [] 233 KANSAS STREET, EL SEGUNDO, CALIF. 90245 [] PHONE (213) 678-6281
IN MAJOR CITIES AROUND THE WORLD

FIELD OFFICES AND DISTRIBUTORS

Check numbers on reader service card corresponding to categyories (see above box).

These are just a few of the outstanding members of the full
IR family: @SIUCON POWER RECTIFIERS 15 amps to 500
amps ® SELENIUM RECTIFIERS AND ASSEMBLIES car-.
tridges, Klip-Sels® (voltage surge suppressors), split cells,
single cells, and stacks (€ SILICON RECTIFIER ASSEM-
BLIES columns, stacks (rectifier and SCR types), encap-
sulated assemblies, molded circuits, tube replacements @
ZENER REGULATORS, VOLTAGE REFERENCES, AND LOW
POWER RECTIFIERS 150 milliwatt to 50-watt zeners, 1-amp
to 12-amp silicon rectifiers ® LIGHT SENSITIVE DEVICES
selenium and siticon photovoltaic cells (mounted and un-
mounted), silicon readout arrays, CdS photoconductive celis
® SILICON CONTROLLED RECTIFIERS 4.7 amps rms to
550 amps rms, epitaxial and alloy diffused types.

IR

Category: A-——=481, B- =482, C -=483, D--484, £ -=485, F—=486.




High impedance
comes to oscillography

For the first time, you can attach a re-
cording oscillograph directly to a data
tapc recorder or tclemetry system
without attenuation or external signal
conditioning equipment.

Result: a dramatic saving in weight,
power and rack space. For example, in
a l4-channel system, this would rep-
resent a weight reduction of approxi-
mately 60 pounds and a saving of 7
inches in space.

The advance has been made possible
through the usc of five new CEC high
impedance galvanometers: Type 7-601-
000! (0 to 100 Hz): Type 7-602-0001
(0 to 500 Hz); Type 7-603-0001 (0 to
1000 Hz); Type 7-604-0001 (0 to 2000
Hz); Type 7-605-0001 (0 to 3000 Hz).

Now consider the advantages which
these galvanometers share in common.
D-C sensitivity: *1.414 volts will pro-
duce *2 inches, =5% deflection. Input
impedance to high impedance galvo:
100,000 ohms minimum.

And here are the oscillographs!

62 Circle 62 on reader service card

CEC’s new 5-124A-H and 5-133-H are
not only the first high impedance oscillo-
graphs—but are “first” in other ways
as well.

The portable 5-124 A-H is the ideal
answer to a host of industrial problems.
It provides up to 18-channel print-out
recording, 10 speed ranges, and record-
drive systems with 16 options from
0.25 ipm to 128 ips. And—with CEC’s
DataFlash Takeup Accessory, the 5-124
A-H rcquires only I second to readout.

The advanced 5-133-H utilizes two
galvanometer magnet assemblies. Galvo
recording lamp intensity is individually
controlled so as to permit recording
from either magnet assembly, or hoth.
Thus two data setups can be made at
one time and recorded simultaneously,
or be made alternately and rccorded se-
quentially utilizing full chart width for
cach. Furthermore, if so desired, stand-
ard CEC galvanometers may be used
interchangeably with the high imped-
ance units.

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 thesc new high impedance
oscillographs, write Consolidated
Electrodynamics, Pasadena, California
91109. A subsidiary of Bell & Howell.
Ask for Bulletin Kit 351-X4,

EEE/DATAGRAPH PRODUCTS

M BELLs HOWELL
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Kick the hot-tube habit.

Elgar’s new 500-V A precision
AC power source has all-silicon,
solid-state circuitry for contin-
uous, trouble-free operation.

I1t’s just 7 inches high by
19 inches wide by 18 inches deep
for standard rack mounting.

Electronics | September 18, 1967

You can buy one for less than
$1,600, and that includes one of
our 40 plug-in oscillator modules.

So if you’ve had it with worn-
out vacuum tubes, get the reliable
AC power source from Elgar.

Well, what are you waiting for?

@ E LG A R 8046 Engineer Rd., San Diego, Calif. 92111, Tel. (714) 279-0800, for more information, see page 1754 of your EEM catalog.

Circle 63 on reader service card 63



hI:-’oIa;é)id?;meded a battery for the

Swinger that wouldn’t blow its cool.

Mallory made it.

What can we do for you?

Polaroid needed a battery for the Swinger, its new 15-second film cam-
era, A battery to power the Swinger's flash unit by night. A battery that
could also work in its electric eye system by day. Yet a battery that
could keep its cool—last for at least a year's average service,

Mallory made it. The battery—a Duracell® alkaline battery. It packs
enough energy in its penlight size to flash over 1400 bulbs (an ordinary
battery would flash less than 500). it provides steady, reliable power for
the electric eye system. And it can be stored for 2 years and still retain
85% of its original capacity.

POWER IN A FLASH

Getting ordinary batteries to release their stored energy when that energy
is needed in a hurry isn't always easy. By-products of the reactions that
provide the electrical potential usually don't get a chance to get out of
the way when current flow is heavy. Yet more and more of today’s battery
applications are calling for quick, heavy bursts of power—in flash bulbs,
triggering devices, alarm systems and such. The Mallory answer to this
need is the Duracell alkaline battery, Through a combination of a superior
electrolyte (KOH) and improved anode design, Duracell alkaline batteries
can deliver their energy to meet heavy drains in an instant. They can
keep up a heavy output much longer than ordinary batteries. And they're
available almost everywhere.

@ Registered trademark of P. 8. Mallory & Co. Inc.
‘"'Swinger"" is a registered trademark of the Polaroid Corporation,
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It's good husiness to do business with Mallory MAI_I_O RY

Photo-saving features of

Duracell Alkaline Batteries

@ Doubte steel case with moided seal
to give added protection against
leakage, warping.

Gold-plated surfaces conduct current
more easily—make the battery
sensitive to power needs,

0 High-energy chemical system
generates power fast to give instant
response,

Specially-designed contacts and
| ] internal structure carry current more

" L~ & o reliably—reach deep into the battery

to meet heavy drains.

OVER 1000 DIFFERENT TYPES

Mallory currently makes over 1000 batteries of all sizes and capacities.
If we're not actually producing the battery you need, we'll be glad to work
with you in designing a new one. Please write the Technical Sales Depart-
ment, Mallory Battery Company, a division of P. R. Mallory & Co, Inc.,
South Broadway, Tarrytown, New York 10591. Or call us at 914-591-7000.
(In Canada: Mallory Battery Company of Canada Limited, Sheridan Park,
Ontario.)
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The die is cast!

Noone else has provided better delivery.

We're committed to the manufacture
of the industry’s finest line of 936
DTL integrated circuits.

Our customers know they could buy
these monolithic integrated circuits
elsewhere, but here’s why they don’t.

No one else has a better or more modern
facility devoted exclusively to the man-
ufacture of microcircuits.

No one else has demonstrated better
yields.

730 EAST EVELYN AVENUE, SUNNYVALE, CALIFORNIA 94086 / TELEPHONE® (408) 245-9200

No one else offers better prices on the
same quality products.

And no one else has a more substantial
name behind them than the “Stewart-
Warner’”’ name —for more than eighty-
five years a leader in the manufacture
of quality products.

Our customers are pleased with the
superior quality of our products. If you

try them, we know you will be pleased,
too.

Why not talk to one of our representa-
tives? And, meanwhile, let us send you
our 20-page “Composite Data Book”
with the industry’s most complete
coverage of 930 series Flat Packs. Dual
In-lines, and TO-5’s.

=0l of,

STEWART|SW WARNER

MICROCIRCUITS. INC.




If Freon'is
the “high-priced”
cleaning agent

...how come it
paid for itself
in one year

at Hazeltine?

Nearly all the printed circuits produced by
Hazeltine at its plant in Riverhead, New York,
go to customers in the space industry...who
demand flawless components in spotlessly
clean circuits.

Until two years ago, Hazeltine cleaned its
printed circuits manually in other solvents.
This system was effective, however, it was not
very efficient...too expensive and time-
consuming. In the spring of 1965, a new
Branson printed-circuit-board cleaning sys-
tem using FREON* TMC was installed. This new
system cleaned 50 pieces of equipment in the
same time it took the old system to clean one.
The totat outlay for the new equipment was
less than $5,000. By the following spring it
was completely amortized. Since then, FREON
has been making money for Hazeltine.

The entire cleaning cperation is done with
the dissipation of only three gallons of FREON
a day, compared with 28 galions of the former
solvent, which had to be discarded daily be-
cause of contaminant buildup. The reason for
the better than nine-to-one advantage is that
FREON itself can be cleaned. A small distilling
and filtration tank reclaims FREON and re-
turns it to the vapor degreaser crystal-clear.

How fast can FREON,the “high-priced”
cleaning agent, pay for itself in your opera-
tion? Your first step in finding out is to write:
Du Pont Company, Room 5321, Wilmington,
Delaware 19898. (In Europe, write: Du Pont de
Nemours International S.A., FREON Products

Division, 81 route de I'Aire, CH ®
1211 Geneva 24, Switzerland.) FREON

Better Thungs for Better Living. .. through Chemistry

soivents
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Navy okays LSI
for data system

FAA reconsiders
Comsat plan for
airlines’ satellite

Improved avionics
for Navy's A-6A

U.S. seeks peace
as cable-satellite
war heats up

Electronics | September 18, 1967

Washington Newsletter

September 18, 1967

The Navy is about to launch what is believed to be the first application
of large-scale integration in operational military hardware. Preliminary
studies by prime contractor Litton Industries convinced the Naval Air
Development Center that using LSI in the AN/ASW-27 two-way digital
data link is feasible. Navy representatives and engineers from Litton’s
Data Systems division met last week in Van Nuys, Calif., to decide where
large-scale integration could be used and what functions should be al-
lotted to specific chips.

Comsat’s proposed aeronautical services satellite, twice shot down by
the FAA, has a new lease on life. Reason: a new proprietary technical
approach by Comsat has considerably reduced the estimated price tag.
The FAA returned two preliminary proposals by Comsat—the first time
for cost and technical reasons, the second time for cost alone [Electronics,
Aug. 7, p. 65]. Comsat has quietly submitted a detailed proposal for the
satellite which would relay vhf communications between transoceanic
airliners and ground stations. A decision by the FAA is expected in about
two months. Comsat told the FAA that the satellite could be operational
by 1970.

Improving the mean time between failures (MTBF) of the search radar
and the computer on the A-6A Intruder is a key goal of the $4.5 million
redesign contract awarded to Grumman. Replacement of the craft’s
Litton computer with an IBM 4-Pi Model CP [Electronics, June 26,
p. 59] is expected to boost the MTBF from 20 hours to as much as 2,000
hours. Norden, current radar supplier, will improve the MTBF on its
radar from the present 10 hours to 90 hours. Grumman figures that even
with the improvement the avionics will still cost a bit less than the cur-
rent $2 million a plane. The Navy contract is seen as an indication that
more A-6A’s will be ordered, especially since production plans for the
troubled F-111B are still nebulous.

The White House has told the FCC to arrange a quick, quiet settlement
of the escalating battle between cable and satellite interests. The Gov-
ernment doesn’t want a full-blown squabble in the U, S. just when it’s
promoting international satellite communications to strengthen the U. S.
position before renegotiating the Intelsat agreement in 1969.

AT&T and other U.S. carriers want a new 720-circuit cable (TAT-5)
between Rhode Island and Cadiz, Spain, to be in service by 1970 at a
cost of about $75 million. Comsat hotly opposes the measure and it’s
speeding plans for Intelsat 4 [Electronics, Aug. 21, p. 59], a 10,000-
circuit satellite to go in service about the same time. Planning for the
new cable, progressing secretly between the carriers and Spain, Portugal,
Italy and Great Britain for several months, brought some sharp behind-
closed-doors criticism from satellite backers.

The carriers and Comsat have now both prepared economic justifica-
tions of their systems and the FCC is likely to order all rates reduced so
both systems will have enough traffic.
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Pay tv hearings
sop to Congress

Aide who quit
takes temporary
Government post

One for all

Industry wins delay
on FCC study

Senate majority
claimed for SST

68

Washington Newsletter

Don’t look for any shift in the Federal Communications Commission’s
plan to approve over-the-air pay tv as a result of hearings opening Oct. 2
[Electronics, June 12, p. 47]. The FCC sessions are expected to represent
little more than an effort by the agency to placate Harley O. Staggers
(D., W. Va.), chairman of the House Commerce Committee, who com-
plained that the commission was planning to authorize over-the-air pay
tv without consulting him. The FCC isnt expected to issue formal
approval until next year, thus giving critics in Congress time to have
their say.

Even though Chalmers W. Sherwin said he wasn’t “enthusiastic about
going back to work for the government” when he quit the Commerce
Department after being bypassed for its No. 1 science job [Electronics,
Aug. 7, p. 65], the government apparently is still enthusiastic about him.
Sherwin has been hired as a consultant by the President’s Office of
Science and Technology to devise equipment and software standards
for his ambitious plan to make national and international data retrieval
systems compatible.

The job will be finished in about three months but Sherwin, who
played a key role in linking the NASA and Defense Department computer
systems that store research data, is being wooed for a permanent job in
the science and technology office.

NASA is eyeing a unified space applications mission—combining a num-
ber of earth-sensing missions on a single unmanned satellite—as an
approach that should appeal to a budget-minded Congress. IBM’s Space
Systems Center will submit its report to NASA in mid-October on the
feasibility and the tradeoffs necessary. The proposed system [Electronics,
Jan. 23, p. 60] would combine such earth-sensing applications as earth

resources, navigation, geodesy, communications and atmospheric sci-
ences.

The industry has wangled a four-month extension from the FCC for its
comments on computers in communications. The complexity of the FCC
probe and its far reaching implications are likely reasons for the delay.
The FCC first asked for comments 10 months ago and set an October
deadline. At the request of the major trade associations—including the
Electronic Industries Association—the agency has pushed back the dead-
line to Feb. 5, 1968.

Backing for the supersonic transport has firmed in the Senate, despite the
continuing opposition of critics led by Senator William Proxmire (D.,
Wis.). An informal poll, according to Senator Henry Jackson (D., Wash.),
shows that more than 80 of the 100 senators will back Government fund-
ing of the SST program. The House recently trimmed $56 million off the
appropriations bill but approved $142 million, enough to keep the pro-
gram on schedule [Electronics, July 24, p. 50].

The present timetable calls for the Senate to get the supersonic trans-
port bill Jate this month or early in October.
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TTL

Trends

from Texas Instruments
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Today’s Series 54/74 ICs point the
way to the next dramatic step in
solid state...MSI and LSI inte-
grated equipment components.
Although vastly advanced in cir-
cuit complexity, this next genera-
tion of semiconductor devices will
have much in common with to-
day’s Series 54/74 circuits (shown
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at left above), including utiliza-
tion of the same basic TTL logic
building blocks. In this and other
ways, IECs will be natural exten-
sions of today’s Series 54/74 family
of 39 functions and 180 device types.

By far industry’s most complete
logic line, Series 54/74 has been
consistently expanded since thein-

troduction of a few basic devices
in 1964. The new high-speed and
low-power circuits shown on the
following pages are further addi-
tions to this growing family.

This provides you with new de-
sign opportunities now...and it
also assures you a better interface
with the TTL trends of the future.



New TTL additions
to industry’s most
complete logic family

Industry’s broadest family of TTL
integrated circuits is now more
complete than ever. To help you
simplify designs, improve perfor-
mance and reduce overall costs, we
have added new circuits to our
Series 54H/74H and 54L/74L lines.

New Series 54H/74H
high-speed circuits feature
6 nsec propagation delay

New additions bring the number
of circuits in this line to the 18
shown on page C.

Series 54H/74H circuits offer the
highest speed available in saturat-
ed logic today...six nanoseconds
per gate.

This means that, by using 54H/
74H in the critical logic paths
of your digital systems, you can
achieve advanced levels of per-
formance with minimum design
complexity.

The circuits may also be com-
bined with standard speed and low-
power TTL circuits in a single
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Typical Characteristics Gate Flip Flop
Propagation delay 6nsec 17 nsec
Power dissipation 2 mWw 80 mw
Noise immunity 1V 1V
Temperature range
Series 54H -55°Cto 4+125°C
Series 74H 0°Cto70°C

system . . . giving fast response
while keeping overall system pow-
er consumption low.

Check number 100 on the at-
tached TI information service
card for comprehensive data sheet.

New Series 54L,/74L
low-power circuits feature
1 mW per gate power drain

Six new additions bring the num-
ber of circuits in this line to the
ten shown on page D.
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Typical Characteristics Gate Fiip Flop
Propagation delay 33nsec 47 nsec
Power dissipation 1mW  38mw
Noise immunity lv lv
Temperature range
Series 54L -55°Cto 4-125°C
Series 74L 0°Cto 70°C

At 1mW per gate, Series 54L/
T4L circuits offer a ten-fold power
savings...yet are approximately
twice as fast as other circuits with
similar power dissipation.

This line is specifically designed
for space systems, avionic systems
and other applications where pow-
er consumption and heat dissipa-
tion are critical.

Check number 101 on the at-
tached TI information service
card for comprehensive data sheet.

Complex-function ICs
help you reduce costs

You cut costs two ways when you
use Series 54/74 complex-function
integrated circuits in your designs.
Overall savings in excess of 50 per-
cent are often possible!

First, you pay less per circuit
function! Since a major portion of
all IC manufacturing costs are in
the package assembly, fewer pack-
ages mean reduced costs to you.

Second, fewer packages also help
you realize big savings at your
plant...in inspection, handling, as-
sembly, and inventory costs.

You also simplify designs be-
cause TI has already done a lot of
the design work...and you improve
reliability because more circuits
per package mean fewer soldered
joints and plug-in connectors.

Series 54/74 family
is industry’s most complete

Your new system can perform
better and cost less when you em-
ploy Series 54/74 ICs, since you
have the broadest choice of speed,
power dissipation and cost-per-
function available. Now you can
tailor the characteristics you de-
sire into your system...to a degree
never before possible.

Any way you look at it, today’s
best buy in digital integrated cir-
cuits is Series 54/74 from T1.
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Back in 1964 we told you:

This is a super/reg™ synthesized zener diode.

[

It enables you
to build a precision
power supply
in minutes using
any DC
power source.

Typical super /reg zener imped-
ances of 2 to 8 milliohms--lowest
ever yet achieved—makes possible
.019% regulation and .Smv nipple.

§ Voltage-adjustable as much as
%10%, as small as a mullivolt,
with no derating or degradation.
‘The “third terminal” lets you trim
the output.

0195/ °C temperature compen-
sation at high power levels; ther-
mal stability 100-times greater
than that of the standard zener.

2ener voltages from 5.6 to 56 V.

75 watts diss:pation rating, 509%
higher than any other available
zeners.

Looks, mounts like any other
diode. Standard TO-36 case.

Performance-proven relisbility;
patent-pending design. Suitable for
MIL applications.

Write or call for complete data
and application bulletin,

Semi-conductor Division, Trio
Laboratories, Inc., Dupont St,
Plainview, L. 1, N. Y.

(516) OVerbrook 1-0400

‘superrog

194, THIO LABORATORIES NG + FIONELRS N BUTLD- 1M INSTRUMENTS AND CUSTON POWER SUBPLIES

Now there are 104 super/reg-

instant answers to your
power regulator needs.

We figure if you've got something good, why
stop there. Why not go ahead, expand the line, and
give designers practically unlimited capability.

And that’s what we’ve done — 104 times. No-
body else comes close.

Super/regs come in shunt and series versions.
Just connect rough DC from whatever source you
have — semi-filtered, half-wave rectified trans-
former output, or even a battery — you get instant,
precision DC power where you need it: at the load
itself.

Super/reg precision miniature regulators are
uniquely designed for maximum heat transfer and

Circle 76 on reader service card

power - handling capability. Ultra-compact config-
urations provide maximum flexibility over a wide
range of voltage levels. Point-of-load installation
climinates distribution-line losses and cross-talk.
Write for complete data sheets and applications
bulletins.
We've got 104. And if the mail is slow, we may
have 105. ®
supevreg
Trio Laboratories, Inc.,
Plainview, L.I.,N.Y. 11803.
Tel:(516)681-0400.

New ldeas in Power Sources from

e ®
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General Instroment
proudly announces

the indusftry’s firs

oo
silicon

nifride

computer diodes

now in production

It has long been generallv recognized that semi-
conductor devices passivated with silicon nitride rather
than with silicon dioxide would demonstrate unprec-
edented reliability.

Until now, however, the problem to be over-
come was the difficulty of adequately handling and
controlling the nitride process in mass production.
General Instrument has solved that problem and is
producing the industry’s first line of silicon nitride
passivated diodes.

The inherent reliability of silicon nitride is de-
rived from its total imperviousness to the movement
of sodium ions and extreme chemical inertness. There-
fore, many of the most common modes of diode failure
are eliminated. Unstable reverse breakdowns, excessive
leakage currents and contamination occurring during
chip handling and packaging no louger present relia-

bility problems.

GENERAL INSTRUMENT CORPORATION -

METAL CONTACT ALLOYED OHMIC CONTACT

SILICON NITRIDE DIFFUSED P-JUNCTION

1N EPITAXIAL

n+ CRYSTAL’(

\M ETAL CONTACT

CUT-AWAY VIEW OF SILICON NITRIDE
PASSIVATED COMPUTER DIODE

Superior electrical characteristics are now com-
bined with this built-in reliability in General Instru-
ment’s line of high-speed silicon nitrided diodes in
miniature DO-35 or DO-7 packages for computer
applications.

Write for full information.(In Europe, to:
General Instrument Europe, Via Turati 28, Milano,
Italy).

GENERAL

INSTRUMENT

B85 GOUVERNEUR STREET, NEWARK, NEW JERSEY
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“Tougher
than mllltary

Recently-completed reliability
tests, such as the one for temper-
ature-cycling shown here, have
proved the ruggedness and dura-
bility of TI's plastic dual-in-line
package for integrated circuits.
Now you can take advantage of
reduced initial costs — plus big sav-
ings in handling, assembly and
testing —without compromzsmg es-
sential reliability.

Many of the tests in TI’s plastic
package reliability program far
exceeded the requirements of ap-
plicable military specifications
(such as MIL-STD-750A and 202C).
For example, evaluations were
made for shock to 5500 G, constant
acceleration to 100,000 G, tempera-
ture cycling from —65° to +250°C
and flammability to +1100°F. Units
were exposed to salt, moisture and
detergent bombs. They were vi-
brated at 60 G over a 100 to 2000
Hz range. They were subjected to
solder-heat tests at 350°C. They
were also life-tested for a total of
479,000 successfuldevice-hours.
Check No. 104 on the Service Card
for the complete report.

What does this mean to you?
It means that whether your ap-
plication calls for Series 74 (in-
dustrial temperature range) or
Series 54 (full-military tempera-
ture range) you can now specify,
with complete confidence, the plas-
tic “N” package for our entire fam-
ily of TTL standard and high-
speed circuits. TTL
performance, reliabil- o
ity and convenience [7
are now yours...at a
new low cost.

TEXAS INSTRUMENTS

INCORPORATED



High-speed TTL

SN74HOON SN74H10N SN74H1IN SN74H20N SN74H21N

Quadruple 2-input NAND gate Triple 3-input NAND gate Triple 3-input AND gate Dua! 4-input NAND gate Dual 4-input AND gate

SN74H30N SN74HA0N SN74H50N SN74H5IN SN74H52N
8-input NAND gate Dual 4-input NAND bufter Expandable dual 2-wide 2 input Dual 2-wide 2-input Expandabie 4-wide 2-2-2-3-input
AND-OR-INVERT gate AND-OR-INVERT gate AND-OR gate

ol e ol e s sl
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SN74H53N SN74H54N SN74H55N SN74H60N SN74H61N
Expandabie 4-wide 2-2-2-3-input 4.wide 2-2-2-3-input Expandable 2-wide 4-input Dual 4-input expander Triple 3-input expander
AND-OR-INVERT gate AND-OR-INVERT gate AND-OR-INVERT gate

Wy |{U uu-w-uT‘ t

r‘—'wj n lxz"._;l w'hr N

SN74H62N SN74HT7IN SN74H72N
4.wide 3-2-2-3-input J-K flip-flop with AND-OR inputs J-K master-slave flip-flop
AND-OR expander

Innoooon

Series 54H/74H offered in both dual-in-line and flat packages



Low-power TTL
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\ TI
Airmail
” Information
Service

For fast service on
TI literature,
fill out this card

§ and drop it in

AIR MAIL o

Dallas, Texas

BUSINESS REPLY MAIL
Postage Will Be Paid By

TEXAS INSTRUMENTS INCORPORATED [ 1
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' the mail.
| P.0. Box 5474 e
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Attention: Bob Crane
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3 new bulletins
just off the press

TTL integrated circuits. This 48-
page brochure contains catalog in-
formation on all 180 Series 54/74
circuits . . . plus never-before-pub-
lished design and performance da-
ta on all three lines and 39 circuit
functions of industry’s most com-
plete logic family. Check number
102 below for your copy.

Total Reliability at TI...The be-
hind-the-scenes story of TI’s
approach to integrated circuit reli-
ability. Twenty-three color photo-.
graphs—plus charts and graphs—
in this 16-page brochure show the
unparalleled facilities and organi-
zation behind TI’s exceptional reli-
ability record. Check number 103
below for your copy.

Monitor. This 84-page report pro-
vides results of TI’'s “Tougher-
than-military” testing program for
plastic IC packages. Data is pre-
sented on more than 539,000 de-
vice-hours of exhaustive testing...
many exceeding the requirements
of military specifications. Check
number 104 below for your copy.

A TI
Airmail

I I Information
Service

To get the literature you

Please send the following information

101 102 103 104

DDDDD

NAME want, check the appropriate
numbers, fill out the
card, and drop it in the

N mail. If you prefer, circle

ADDRESS the same numbers on the
magazine Reader

Ty STATE zip Service card.
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In-depth software...

. fin 1 Every 1-COMP DDP-124 includes 253 field-proven
= your gertlps software programs, FORTRAN IV compiler with Boolean

for the finest 24-bit capabilities, compatible symbolic assembler . .and
more. That's a lot of 24-bit software strength at your
I/C computer blly fingertips to help solve your programming problems.

«..DDP-1 24 Hardware? DDP-124 features 1/C p-PAC logic modules
for high reliability, high performance, high speed at low

cost . .. and its specs make it an ideal computer for
u) Eﬂ;( flight snmulatlon message switching, physics research,
J lV radar tracking, data acquisition, scientific computation,
QEL missile tracking, impact prediction.

Interested in the finest 24-bit 1/C computer? Write today
05 for new DDP-124 brochures with complete software

D ,& { listing. Honeywell, Computer Control Division, Old
BAS / Connecticut Path, Framingham, Massachusetts 01701,
0/‘) ,UIV) L= Honeywell

COMPUTER CONTROL
DIVISION
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Uniring grounds

a shielded cable

in less time
than it takes
to heat a

soldering iron.
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Uniring combines inner and outer Uniring terminations are color by the compression method
ferrules in unitized construction. coded for fool-proof size of grounding and terminating
Simply insert a stripped selection. And the insulated shielded cable are recognized
conductor and tap wire, then crimp.  Uniring employs a nylon sleeve by the military and referred to in
One crimp does it. No heat. that's flared for fast, easy insertion MIL-E-16400 and M[L-|- 983.
No burnt cables. of the shielding braid and tap. Burndy Uniring terminations
Result: A vibration-resistant, (These connectors are also conform in all details to
noise-free connection that available uninsulated.) No other MIL-F-21608 (dated 1/5/59).
is mechanically and electrically type of connector is as fast, as Send for a copy of our catalog
stable. A uniform connection that reliable, or as low in cost to use, YEC-66-4.
takes virtually no time to make. Time and labor savings offered T o 7
o "

o>
- S o

BURNDY

Norwalk, Connecticut
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Are you in the
integrated circuit game?

Just put in your chip!

Alloys Unlimited is the number one supplier of components
to manufacturers of semiconductors and integrated and
hybrid circuits. Alloys and its subsidiarics can provide you
with lead frames, ceramic substrates, clad or unclad Kovar
lids, braze and die attachment preforms—or we’ll give you
a complete package ready for your chip.

All designs are made to your specifications or you can use
one of our standard packages. Through a stringent quality

control program, Alloys Unlimited assures the highest re-
liability for all of its products—and automated production
equipment keeps your costs to a minimum. And when you
need help with design problems, our team of experienced
applications engineers is at your service.

Before the “chips’ are down—get in touch with Alloys
Unlimited, 320 Long Island Expressway South, Melville,
New York 11746, Telephone (516) 694-7900.

IMPROVING THE PRODUCTS OF OTHERS — THROUGH MATERIALS TECHNOLOGY

HIGH PURITY ALLOYS Alloys Unlimited, Inc. / Meiville, New York
SEMICONDUCTOR & IC PACKAGES Veritron West, Inc. / Chatsworth, California
CERAMIC PARTS Frenchtown/CFl, Inc./Frenchtown, New Jersey

ALLOYS

lr
S8 UNLIMITED

ETCHED METAL PARTS Micro Science Associates / Mountain View, California
PRECISION STAMPINGS Montvale Customtool, Inc. / Montvale, New Jersey
L™ ELECTRICAL CONTACTS

Contacts, Inc. / Wethersfield, Connecticut

TITANIUM Universal Titanium Co. Inc. / Los Angeles, California




Do you have a “special” photocell problem?

Clairex probably has a “standard” answer
with the industry’s widest line.

If not, we can design a photoconductive cell
to meet your needs.

Helping industry solve problems involving light con-
trol has been Clairex’s only business since 1953. To
provide creative engineering to the country’s leading
companies, we have developed the industry’s widest

line of photoconductive cells . . .
types of CdS and CdSe units.
Standard Clairex cells provide combinations of
features that you need to meet most needs . . . high
speed, low temperature coefficients, low memory,
high linearity, uniform color temperature re-
sponse, small size, high stability. They come in 6

over 80 standard

design one to meet your requirements. And don’t
hesitate to call on us for help in setting up your speci-
fications. We are frequently able to save time and
money for customers who consult us before estab-
lishing detailed cell designs.

If you’d like more information, remember, we
wrote the book. Send for your copy of the Clairex
Photoconductive Cell Design Manual.

GLAIREX
H.H:"I""":S, INC. l 1239 BROADWAY, NEW YORK, N.Y. 10001

S|

hermetically sealed packages from TO-18 to TO-3.
If a special photocell is required, Clairex can
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VENTY M U’lAY MAX
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PG-13.

Big, Fast Pulses

With our new PG-13 you can get =100V or, as
a current source, +=2A pulses. And 10 ns rise
and fall times; repetition rate 1 Hz to 25 MHz;
duty cycle 50% at 1A out with a pulse width to
5ms. No hedging. The specs are real specs: when
we say =100 volts we mean +100 volts; 10 ns
rise time means 10 ns rise time, worst case, at
100 volts. So if you need a truly fast high-output
pulser for, say, magnetic core testing, radar pulse
simulation or similar applications you would do
very well to consider the PG-13.

This is why, in brief part:

The PG-13 is all solid-state (rack height 3v2”).
Operates in either voltage or current modes; in
the voltage mode the range is =100 mV to
+100V from a 50 ohm source; in the current
mode it is =50 mA to +2A from a 1K, min,

CHRONETICS

source. PRF, 1 Hz to 25 MHz. Single or double
pulses plus sync. Instantaneous overload protec-
tion and a front panel warning light. Car. be
gated or triggered up to the max rep rate. Manual
one-shot. DC-offsets either direction to 100 mA.
Independently variable rise and fall times, 10 ns
to 50 ms. PRF, rise, fall, amplitude, width (of
either pulse independently), offset and delay are
all variable continuously.

The PG-13 is one of the 3-I/Chronetics new gen-
eration pulse generators.

we'll be glad to whisk a PG-13 to your lab for a
demonstration. And there's a new catalog on
the new generation pulse generators. Please
write or 'phone for either or both.

Intercontinental Instruments Inc, an affiliate of CHRONETICS

U.S.A.: 500 Nuber Avenue, Mt. Vernon, New York (914) 699-4400 TWX 710 560 0014
Europe: 39 Rue Rothschild, Geneva, Switzerland (022)31 8180 TELEX 22266

Electronics | September 18, 1967
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Mallory Capacitor Company chooses G X-ray
film to make sure everyone gets the word

Computers, telemetry, AC/DC converters,
navigational gear, radar and other sensitive
electronic components used in our space and
missile programs rely on tantalum capacitors for
long life and dependable communications.

Mallory Capacitor Company, manufacturer of
these tantalum capacitors, relies on GAF Industrial
'H-D’ x-ray film to detect inclusions, excess
bonding material, and check casing element
clearances on all electrical connections.

To quote Mr. John E. Beckley, Quality Control
Supervisor,”’Only Industrial ‘H-D’ is used to
radiograph our capacitors. It’s the one x-ray film

82 Circle 82 on reader service card

producing the definition, sensitivity and contrast
that reveals minute detail within tiny components.”

Ultra-fine grain and very high contrast character-
istics make Industrial ‘H-D’ film the ultimate for
pinpoint radiographic examination. Your
distributor of GAF x-ray products can supply you
with information on our complete line of films
and chemistry.

GAF maintains a nationwide staff of full-time
Industrial X-ray Specialists—trained to render
expert radiographic counsel, assistance and
service. We have one in your area. Don’t hesitate
to call on him.

140 WEST 51 STREET, NEW YORK, NEW YORK 10020

MR-8
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DIAL DANA....BEFORE YOU BUY A DVM

See for yourself why the Model 5400iis the fastest selling digital voltmeter

in the 0.01% (;‘Iass . . . see (plug-in)? kyérsatility, analog output,

80/second speed . . . dial your area cade number for a demonstration today.
. \

-~

FUNCTION

0%
24110

DIGITAL VOLTMETER  MODEL 5400

ANALO®
ourest
sawin
LRI

201 201: 687-8737 302 301: 946-0300 408 415: 968-7116 516 516: 433-1421 714 714: 297-4619 International Offices
201 201: 542-1441 303 303: 934-5505 412 412 892-2953 517 313: 8922500 714 213: 684-2840 L. oo oo

202 301: 946-0300 305 305: 723-6924 413 617: 648-2922 518 315: 454-9377 716 716: 271-7430 1 o

203 203: 246-5686 309 312: 539-4838 414 414: 547-5131 602 602: 959-2115 717 717: 761.0577 Australia Victoria: 489-1911

205 205: 881-3721 312 312: 539-4838 416 415: 968-7116 603 617: 648-2922 802 617: 648-2922 Denmark Jyllinge: (03388) 150
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High Current Regulated Power Supply
Adjustable Output Voltage, 27-28 V.D.C.

1% Regulation
50-60 Cycle Operation

Substantial Overload Capability
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This unit was designed for communi-
cations equipment and is available
in 25 amp. stages from 25 to 150
amps. It can be operated in parallel,
has a remote sense feature, an in-
verse time circuit breaker and in-
ternal fan cooling. Overload capacity
is 200% for 5 minutes; 400% for 4
seconds. Environmental capability
encompasses a temperature range
of —20° to 4-130°F. This equipment
is designed for standard rack mount-
ing and is compatible with the sys-
tem into which it will be designed.

Like other Tung-Sol designed and
built power supplies, this one meets
precise performance requirements
and high reliability standards. The
price doesn't sound as though it was
custom built.

If you are interested in this, or a
power supply to meet other specs,
we would like the opportunity to
demonstrate that a Tung-Sol de-
signed unit would be your best buy.

CHATHAM PRODUCTS

Tung-Sol Division
Wagner Electric Corporation
LIVINGSTON, N.J. 07039. TWX 710-737-4421

=1
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Adlake Mercury Displacement Relays

—Application Data

Operates Under a Wide Range
of Temperature Conditions

Varying ambient temperatures have little or no
effect on Adlake Mercury Displacement Time
Delay relays. From the graphic illustrations,
ambient temperatures up to 200° F or down to
—-37.8° F (freezing point of mercury), the
change in timing is less than 10%.

Adlake relays have been subjected to tempera-
tures well below —37.8° F for extended peri-
ods. Upon raising the temperature to a point
above the freezing point of mercury, the relay
will again become operative. The relay will not
suffer any damage as a result of the extended
exposure to low temperature. This portrays the
ruggedness of Adlake Relays due to their sim-
plicity of design,

Backed by sound research and disciplined engineering, Adlake applies
the industry’s broadest line of mercury displacement and mercury
wetted relays to the creative solution of design circuit problems.
However unique or special your application, Adlake can assist you in

Mercury Displacement Relays —
Temperature vs. Time Delay
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Effect of increased temperature on time delay
characteristics. Curve is typical for a normally
open, slow-make relay having nominal time
delay of 1.25 seconds.

DECREASED TEMPERATURE
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*Mercury Freeze —37.8°F,

Effect of decreased temperature on time delay
characteristics. Curve is typical for a normally
open, slow make relay having nominal delay
of 160 sec.

developing it. For prompt, personal and knowledgeable attention to
your relay needs, contact the one source that is the complete source
in the mercury relay field. Contact Adlake today for catalog and
further information,

GN/> THE ADAMS & WESTLAKE company

A suBSipiARY oF ALLIED PRODUCTS CORPORATION
ELKHART, INDIANA 46514 « AC 219 « 264-1141
TRANSPORTATION EQUIPMENT - ARCHITECTURAL PRODUCTS MERCURY RELAYS - DOORS AND ENTRANCES <« CONTRACT MANUFAGTURING
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DOW CORNING

Why the big swing to
silicone molded devices?

Dissipation factor of silicone molding compound
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Why the big swing to silicone molded devices? . . .
Electrically stable materials over a wide range of tem-
peratures from low to high frequencies—as shown
graphically above. Silicone molded packages do not
limit the design or performance of high frequency semi-
conductor devices. Design characteristics will not drift
due to changing electrical properties of the molded
package.

That's why the rapid growth in the number of devices—
from simple diodes to integrated circuits—packaged in
silicone molding compound. Of course, there are other
important reasons.

No derating necessary. Devices packaged in silicone
molding compounds can be operated at their full power
potential. This enables designs with a higher device
density per given volume. For example, one manu-
facturer reduced the size of a power diode to 1/30th
of its glass packaged counterpart. Compared to other
plastic materials, the package size is from 1/5th to
1/3rd smaller, since derating due to package stability
is not required.

No cracking — Dow Corning silicone molding com-
pounds—unlike other organic thermal setting plastics
—are virtually unaffected by heat and thermal shock. For
example, a power resistor molded in Dow Corning® 307
molding compound was subjected to repeated cycling
from —65 C to 350 C without damage to the packaging
material or the device. Dow Corning® brand molding

Circle 86 on reader service card

compounds subjected to 1000 hours at 300 C (572 F)
show no significant change in physical and electrical
properties.

Will not burn. Silicone molding compound is inherently
non-burning. Thus components packaged in silicone
molding compound will not constitute a fire hazard.
No flame snuffers are needed . . . a source of ionic
contamination for devices packaged in organic plastic
materials. With silicone molding compound there are
no ionic or polar constituents when properly used, to
affect junction performance.

Low water absorption—Dow Corning silicone molding
compounds have low water absorption even after long
aging at maximum operating temperatures.

Competitive Price. Silicone molding compound costs
only a fraction of a cent per device. Thus, it enjoys
a substantial price advantage over metal cans and
glass packages.

Manufacturing Economies. Transfer molding enables
devices to be packaged with minimum of manual labor
and supervision. Good mold release and minimum
flash assure high production rates and reduced de-
flashing costs.

For technical data on why the swing to Dow Corning
silicone molding compounds in device packaging, write
Dept. 3721, Electronic Materials Division, Dow Corning
Corporation, Midland, Michigan 48640.
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Only new Lambda LP Series lab
nower supplies provide all these big system
features in a small, low-cost package.

Starting at only 114.

e High power output—up to 28 watts.

e Wide voltage range versatility—0-10 VDC up to 0-250
VDC.

® Bench or rack use — without adapters.

® Unusually wide automatic current limiting—from 1% (or
5 MA) to 105% of rated output current.

e Two meters for voltage and current.

® Both coarse and fine adjustment of voltage and current.

e Over-temperature protection by thermal relay —prevents
overheating.

e Convection cooled —no blower failures.

You can mount up to 4 units in a standard LRA-1 or LRA-2 rack adapter.

Other features

« Regulation (line orload): * CV/CC with automatic
01% 4+ 1 MV. Crossover.

R . » A-Cinput: 105-132VAC
Ripple: 500,VRMS. 1.5 '45.440 Hz (ratings based on

PP 57-63 Hz operation).

» Temperature coefficient: + All Lambda power supplies

015% + .5MV/°C. are guaranteed for 5 years.

Select from six models

MAX. CURRENT AT AMBIENT OF:

Voltage .
del Price!
Model | 'Range [39°c | 40°C | 50°C | 60°C

LP4l0 | 0-10 VDC'| 2A 1.8A | 16A | 14A | $129
LP41l | 020 VDC'|1.2A | 11A | 10A | 08A | 119

'Lp412 | 040 vDC’|0.70A 0.65A 0.60A 0.50A 114

LP 413 | 0:60 VDC*| 0.45A 0.41A 0.37A 0.33A 129
| LP 414 [ 0-120 VDC | 0.20A 0.18A 0.16A 0.12A 149
LP 415 | 0-250 VDC | 80MA | 72MA 65MA 60MA 164

*Qvervoltage Protection available as an accessory — $40.00 each.

tPrices are for non-metered models. For metered models, add suffix (FM)
and add $10.00 to price.

LAMBDA

ELECTRONICS CORP.

515 BROADHOLLOW ROAD-MELVILLE, LI, NEW YORK 11748+({516) 684.4200

A @ SUBSIDIARY

VEECO HIGH VACUUM EQUIPMENT/LAMBDA POWER SUPPLIES
Circle 87 on reader service card




How AO fiber optic light guides
solve illumination problems.

Transmit “cold” light like other forms of energy—by
flexible routing to remeote or inaccessible locations,

hazardous areas, or any abnormal environment.

Simplify lighting problems by eliminating lens 8ys-

tems, multiple lamps, complex electrical circuitry.

These are only a few of the ways in which American
Optical fiber optic light guides are used to help solve
illumination problems. Spccific applications range
from mark sense readout to electro-optical scnsing in
data processing, circuit verification, fire control, null
detection, light pens, spot illumination,

and many others.

Simple, reliable, economical. AO fiber optic light
guides are simple, passive elements which remain
extremely reliable under normal vibration,
temperature or humidity changes, or other
environmental fluctuations. This results in long service
life with minimum maintenance.

Standard and custom light guides from American
Optical have light transmission ranges from 400 to
1500 millimicrons. Standard light guides are

88 Circle 88 on reader service card

.

Supply multiple illuination from a single light‘
source, with multi-branched light guides.

Provide input-output geometry conversions such
as round-to-square, round-to-slit, ete.

available in bundle sizes from .020” to 14”, with 30 to
6000 fibers, lengths up to 72", plastic or stainless steel
tips, and PVC sheaths. Custom light guides can be
supplied in any length desired, with special end tips,
sheaths, diameters, input-output face configurations,
and branchings.

A leader in optics since 1833, American Optical
Company brings a great breadth of related experience
to the technology of fiber optics. Our versatility in
fiber optics is unmatched by any other manufacturer.
In fact, AO scientists already hold more than 200
important patents or patents pending in this relatively
new field.

For Fiber Optics Data Kit, send reader service card,
or write to Fiber Optics Department:

@ AMERICAN OPTICAL COMPANY

Space-Defense Division ¢ Southbridge, Mass. 01550
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DUAL RM930's DUAL HLT2L's
DUAL RM709 (== DUAL RM930’s &) DUAL HLT2L's
DUAL RM708 DUAL RM930's
DUAL HLTL's () DUAL RM709 &l DUAL RM930’s
DUAL HLT2L's DUAL RM709
DUAL RM930's 3 DUAL HLT2Ls &= ] |C's ?

Go to the head of the line!

You'll save 20% when you replace two [C’s with

a Raytheon Dual. Our line includes the RF 120 and
RF 130 HLT2L 50 MHz Dual J-K Flip-Flop,

the Dual RM709 High Gain Op Amp, and a full
complement of RM930 Series Dual J-K Flip-Flops.

All Raytheon RM Duals feature full Military Quality
guaranteed over a temperature range of —55°C to
125°C and true hermetic seals guaranteed to
5x10—8cc/sec Helium. Raytheon’s quality assurance
program guarantees a product that exceeds

MIL Spec requirements.

For complete information on our line of duals write:
Raytheon Company, Semiconductor Operation,
350 Ellis Street, Mountain View, California 94040.

Electronics | September 18, 1967
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new readout tube
made for
volume production...

priced accordingly!

The Amperex ZM1000 is the first digi-
tal numerical indicator tube, designed
from the ground up to provide big eco-
nomies both in initial cost and in appli-
cation. It sells at over a dollar below
competitive types, and the price-break
grows with the volume.

We scrapped every notion about how
to make numerical indicator tubes and
developed a completely new design that
offers unsurpassed performance and
reliability at mass-production prices.

Every ZM1000 has a built-in decimal-
point indicator. Use it if you wish—or
ignore it...in either case, there’s no

90 Circle 277 on reader service card

additional cost for the decimal. The
ZM1000’s large numerals are clearly leg-
ible at 35 feet, yet an 8-digit readout can
be installed in only 6 inches of panel.

Superior design makes the ZM1000
more economical to use, too; it plugs
directly into its printed circuit board and
then the whole board is dip-soldered —
high-temperature tube base and all.
Tube sockets are eliminated—hand as-
sembly is eliminated!

As for driver circuits, we can provide
you with complete designs, data, parts
and instructions for many driver types,
including silicon-controlled-switch

(SCS) memories or ring counters and
diode/ transistor decoders.

= Dynamic life expectancy 200,000 hours

® Height of numeral ............. 0.6”
® Tube diameter ................ 0.75"
u Height of Tube ................ 1.67"

For complete information on the
ZM1000 digital, numerical indicator tube
and on Amperex components for
indicator-driver circuits, write: Amperex
Electronic Corporation, Semiconductor
and Receiving Tube Division, Dept. 371,
Slatersville, Rhode Island 02876

Amperex

TOMORROW'S THINKING IN TODAY'S PRODUCTS
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Don’t waste time improvising and experimenting. Call in a Markem man and get acquainte
with today’'s broadest line of marking equipment. Machines capable of putting sever
bands on a miniature diode; combining sequential numbering with identification: printin
14 characters plus trademark in an area 0.125"" in diameter; printing integrated circuits i
or out of carrier, registered to tab: and employing new techniques to meet severest dur
bility specs. Whether your problem is size, speed or cast, we can help. Write Marke
Machine Company, 305 Congress Street, Keene, New Hampshire.

EQUIPMENT AND TECHNOLOGY TO HELP YOUR PRODUCT SPEAK FOR ITSELF

MARKEM®
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EM BETTER QUALITY AND RELIABILITY THROUGH CONTROL

Shown 2¥2 x Actual Size

Capacitor Problems That Require A Lot 0f
Self-Control...Chemically Speaking

Problem 1: How to make sure the silver paste composition used for electrodes provides
the best results for each electrical parameter in a given capacitor design?

Problem 2: How to improve the recognized moisture reliability of our dipped mica capaci-
tors without adversely affecting life reliability?

Problem 3: How to upgrade the reliability of molded mica capacitors to equal that of dipped
mica capacitors so designers can take advantage of body uniformity and axial lead design?

Solution: Chemical self-control! To do this we operate our own chemical manufacturing
plant where we formulate silver pastes, phenolic dipping compounds, and epoxy molding
compounds — all under strict controls.

Result: Dipped mica capacitors and molded mica capacitors of equally high reliability that
operate up to 150°C. Send for technical literature and always insist on El-Menco brand ca-
pacitors . . . your assurance of better quality and reliability through control.

THE ELECTRO MOTIVE MFG.CO.,INC.

WILLIMANTIC, CONNECTICUT 06226

Dipped Mica * Molded Mica * Silvered Mica Films * Mica Trimmers & Padders
Mylar-Paper Dipped < Paper Dipped * Mylar Dipped * Tubular Paper

Exclusive Supplier to Jobbers and Distributors West Coast Manufacturers contact:

in the U. S. and Canada: COLLINS & HYDE CO., 900 N. San Antonio Rd.,
ARCO ELECTRONICS, INC., Community Drive. Los Altos, California 94022

Great Neck, L. 1., New York 5380 Whittier Blvd., Los Angeles, California.
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only from
Burroughs

Fine mesh, wrap-
around screen for
hetter readability.

Only low-cost tube

type without top
tubulation.

Human-engineered
characters for
ease of reading. Top and hottom
micas provide
stronger, more
reliable electrode
structure.

Optional “keep-
alive” for rapid
ionization in
strobe or
time sharing

applications. . Shielded leads
eliminate
extraneous glow.

Optional decimal
points right
and left.

_Clean 0.030”
diameter pins for
saldering directly

to PC hoards.

The “tip-off” in
the base provides
the shortest over-

all height for
minimal panel
heights.
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Technical Articles

Linear IC’s: part 3
Differential amplifiers
at work

page 96

Integrated circuits
in action:

Cutting costs on
the factory floor
page 114

Weaving a braided memory
that's fast and inexpensive
page 121

Problems of heat removal
chill progressin IC's
page 129

The differential amplifier is one of the most versatile com-
ponents electronics engineers have, and happily, it lends itself
to easy fabrication by integrated techniques. Once in inte-
grated form, it finds new applications that range from narrow
band to video.

The user of integrated circuits often doesn’t
care what family of circuitry he uses as
long as it does the required job. So the
designers of a coordinate-measuring ma-
chine that inspects machined parts used
both diode-transistor logic and transistor-
transistor logic in an amiable mixture: low
cost pTL gates drive high performance TTL
flip-flops. The resulting product, which re-
places one built of discrete semiconductors, is a shining
example of what integrated electronics can do to an industrial
machine: the new unit weighs one-sixth as much as one made
of discrete units and costs only half. Yet its performance is
as good or better than its predecessor. The cover photograph
shows the new small-sized inspector at work.

Electronics

A new technique that reduces parasitic capacitance makes the
braid memory even more attractive because it boosts cycle
times to as fast as 300 nanoseconds. In addition, specially
designed looms can now weave the memories efficiently. The
combination converts the braid memory developed at Massa-
chusetts Institute of Technology [May 1, p. 88] into a practical
commercial device.

All too often after a design has weathered the tests of logic,
electrical function, and costs, it fails the environment test
mainly because of its inability to withstand temperatures in
a system environment. This happens because too many
designers don’t understand the intricacies of thermal manage-
ment. Integrated electronics make great space reductions
possible and the temptation is to squeeze the system into
as small a space as possible. But under such conditions tradi-
tional methods of cooling fail to perform as expected and
trouble results.

Coming
October 2

-<—Circle 280 on reader service card

= Microwave stripline for IC’s
» Using K-trees for theoretical design
* A digital-data modem



Integrated electronics

Linear IC’s: part 3

Differential amplifiers at work

With some juggling of components and connections, the basic
differential-amplifier configuration serves in linear circuits
for operations ranging from narrowband up to video

By J. P. Keller

RCA Electronic Components & Devices Division, Somerville, N.J.

When you talk about linear integrated circuits, you
focus on their primary building block: the differ-
ential amplifier. The versatility and signal-process-
ing advantages afforded by this configuration ac-
count for its popularity, and differential stages are
found in nearly all linear 1c’s, from simple audio
amplifiers to multifunction, high-frequency com-
munications networks.

The circuit can perform linear and complex
functions from d-c to 300 megahertz; it amplifies,
mixes, detects, limits, modulates, compares, and
controls.

Its frequency response can be tailored to the
processing of narrow pulses or broad signals. The
choice of load components, such as tank circuits
or resistors, peaks or flattens the gain character-
istic over selected frequency ranges.

A primary function of the differential amplifier
is the amplification of differential-mode input volt-
ages and the suppression of interfering common-
mode input signals. In the differential mode, two
unlike signals applied to the double-ended input
result in an output proportional to their difference;
in common mode, like signals result in a negligible
output. In practical terms, the circuit selects, com-

The author

Jean P. Keller is a specialist

in linear integrated-circuit
design and application at RCA's
Somerville, N. J., facilities. As a
member of EIA’s committee for
standardizing microelectronic
devices, he helps generate
formats for active analog
circuits.
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pares, and amplifies low-level signals in noisy en-
vironments.

The amplifier consists of two symmetrically ar-
ranged half-circuits, and a balance exists to the
degree that these halves match. Balance thus re-
flects how alike the transistors are, and how alike
they remain through environmental changes. This
matching in linear 1C’s is an order of magnitude
closer than the best match possible with discrete
components.

Balance is enhanced by the arrangement of the
output; each half-circuit response can be summed
at the output in such a way that unwanted changes
(such as increased leakage) offset one another, and
desirable changes (higher gain with rising tem-
peratures, for instance) complement each other.

The circuit provides excellent electrical tracking,
maintaining balance in the face of changes in sig-
nal levels and temperature. It also provides uni-
form linearity in the reproduction of input signals,
and can compensate for such changes as tempera-
ture variations and power supply shifts.

The amplifier features d-c coupling and avoids
the use of large resistors. Capacitive elements aren’t
needed on the chip, and biasing and coupling are
generally simplified.

By any other name

There are many designations for the sundry lin-
ear 1c’s that employ differential configurations
[Electronics, Aug. 21, p. 76], but most of the cir-
cuits can be categorized, arbitrarily, as either video
or narrowband amplifiers. A video-type differential
amplifier has a flat gain-versus-frequency response
extending from d-c well into the very-high-fre-
quency region. Narrowband units exhibit a bell-
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shaped gain response that rapidly converges to
cover a very nairow frequency spectrum—typically
a megahertz or less.

The two categorics cmbrace all major 1c differ-
ential-amplifier types—wideband, pulse, r-f, and
ordinary comparator circuits. The video amplifier
is characterized by diffused resistors in the col-
lector leg, the narrowband by collectors that are
uncommitted and available for external connection.

Though the video and narrowband types include
units at opposite ends of the linear 1c scale, they
aren’t antithetical. Either form can be converted
into the other by the rearrangement or addition of
external components.

This duality stems in part from common mono-
lithic fabrication. The video is really a more com-
plex version of the narrowband type. Passive com-
ponents determine the gain-vs-frequency response;
resistive elements provide a flat response, and ca-
pacitive elements introduce frequency breakpoints
that narrow the response.

A narrowband amplifier can be converted to a
video amplifier by the simple addition of external
collector resistors. Conversely, capacitive coupling
of a video amplifier converts it to a narrowband
amplifier. Also, a video-type amplifier with high
input and output impedances is suitable for use
in parallel tuned-input and tuned-output applica-
tions, jobs for a special class of narrowband am-
plifiers.

Both circuits typically offer single-ended and
double-ended output connections. In single-ended
or push-push operation, the output is taken from
one collector; in double-ended or push-pull opera-
tion, it is taken from two collectors. The single-
ended mode eases interfacing but has a higher net
feedback capacitive element. In double-ended oper-
ation, the capacitive effect is reduced, isolation is
higher, and the frequency response is a little wider.
Although harder to interface with, the double-
ended mode doesn’t require a bypass capacitor for
coupling to another circuit, whereas single-ended
operation does.

On a pedestal

An ideal differential amplifier would have these
characteristics:

» Zero output with zero input (zero offset)

= A gain constant with temperature and time, and
independent of input level (zero drift)

= An output that is an exact amplified repro-
duction of the input

= An infinite bandwidth

= Perfect balance

Among the real-life limitations that thwart the
attainment of this ideal, the most common is drift.
Besides reflecting changes in gain with tempera-
ture and time, drift can be viewed as an over-all
performance index indicating circuit capabilities
and imbalances.

Drift is largely due to changes in the transis-
tor elements’ parameters, mainly 9Vge/2t and
Ohre/Ot. Here Vgy is the d-¢ base-to-emitter volt-
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Delineation. Gain-versus-frequency
characteristic of differential amplifiers is used
to distinguish major types.

age, hyr the d-c gain, and t the temperature. In
differential amplifiers built in 1c form, the problem
of drift is mitigated by the fact that parameters
change with temperature in a uniform and predict-
able manner. With discrete-component designs, an
extremely good match is difficult to get, and users
invariably pay a premium price for matched ele-
ments. With integrated circuits, a close match be-
tween the transistor pairs on a common substrate
is intrinsic.

The basic circuit at the bottom of page 98 can be
used to develop equations governing the d-c and
small-signal behavior of a video-type differential
amplifier. Observe that emitter resistors R, and Ry,
are both zero. The expressions for the collector
currents, I, and I, are:

Via~Vib
Ala Io/(l + € h )

Via~Vib

ch = ajb Io/(l + € i )
Here, h = KT/q = 26 millivolts at 25°C, and « is
the emitter-to-collector current transfer ratio; base
resistance ry, and emitter contact resistance Tec
are neglected. Alpha is used instead of the more
familiar beta (hge) to simplify the expressions.
\Vhen Vla = Vvlb and Qg —— Qb then Ica = ch;

(s

VWL
M
el

Icn

1l

Selective. Signals and noise

common to both

inputs are rejected by

a differential amplifier; only

the difference signals

are compared and amplified.
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collector legs of the amplifier marks video-type IC.
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Narrowband. Uncommitted collectors of transistor
elements Q, and Q-: typify the narrowband differential
amplifier.
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Building block. Differential amplifier provides linear
IC’s with balance (symmetry) and application versatility.
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the differential transistors are balanced, and half
the total current I, flows through each transistor.
This: condition represents the quiescent operating
point for a linear differential amplifier.

When V), 54 V), the differential-amplifier input
Voltage is defined as Vln — Vlb = VBEa — VBEb-
When V,, is made more positive than Vi, I, in-
creases and I., decreases until Vi, — Vpg, = Vy,
— Vg This is called the threshold condition.

At this point, the current through Q,, is at a max-
imum (Ia~I,) and Q) is off. When Vy, is made
more positive than V,,, the process reverses. Max-
imum current then flows through Qy, and Q,, is
cut off. These characteristics, shown on page 99,
give the amplifier its application flexibility.

On the slopes )

The transfer characteristics are linear on both
sides of the operating point. At room temperature,
this linear region corresponds to an input-voltage
swing of approximately 50 mv peak to peak. The
maximum slope of the curves occurs at the operat-
ing point and defines the effective transconduc-
tance of the differential amplifier.

The slope at any other point depends on the
value of the total current, I,, supplied by the con-
stant-current sink. The slope of the transfer curves
can be changed without altering the linear region
by varying the valuc of I,, implying that automatic
gain control is inherent in the differential ampli-
fier when I, is controlled.

The transfer characteristics and the slopes are
also functions of the gain (beta) of the transistors,
of temperature, and of two physical constants, g
and K; q is the electron charge and X is Boltz-
mann’s constant. Since gain and temperature vari-
ations are predictable, so is circuit performance
in various applications.

The differential amplifier is a natural limiter;
when input excursions exceed *+4KT/q (approx-
imately 100 mv in the model), no further output
rise occurs.

The output current of any amplifier is the prod-
uct of the input voltage and the transconductance.
In the differential amplifier, the transconductance
is proportional to the controllable current I, If
L, is simply made a multiplicand and the input
waveform a multiplier, the circuit can be used for
mixing, frequency multiplication, modulation, or
product detection.

Also, because half the input voltage and half
the source current I, are present in each transistor
of the differential pair at the operating point, the
effective transconductance value of the amplifier
is one-fourth that of a single transistor for a given
value of I, and the circuit gain, consequently, is
also less.

In the double-ended differential amplifier, the
load is placed between the two collectors and the
output voltage is measured between them. The out-
put voltage, therefore, is twice that obtainable with
single-ended operation.

Since the dynamic range of the input is limited,
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Transfer. Linear region of differential-amplifier transfer
characteristic is 114 millivoits wide; as input
signals exceed that range, limiting action comes into play.

it is sometimes desirable to increase the linearity
range of the transconductance parameter before
limiting occurs. This can be achieved by emitter
degeneration—making R, and Ry, the same finite
value. These emitter resistors reduce the trans-
conductance and, hence, the gain, but further linear-
ize both the transfer characteristic and the trans-
conductance. Typical results when employing emit-
ter resistors are shown above at the right.

Separating the modes

In both double-ended and single-ended ampli-
fiers, the differential-mode” (pM) signal is out of
phase at the two inputs, and the common-mode
(cMm) signal is in phase between the two amplifier
input terminals and ground.

When a pm signal is applied, the voltage at
one terminal increases and the voltage at the
other decreases by an equal amount. If the tran-
sistors are operated in the linear region, the col-
lector current of one transistor increases while
that of the other transistor decreases; the changes
are offset at the common emitters.

When a cm signal is applied, the voltage at
both input terminals increases and both collector
currents rise. These currents are then additive,
a negative feedback is developed across the com-
mon-emitter resistor, and the cM gain is substanti-
ally reduced.

Because pm and cwM signals can be present simul-
taneously, differential output is more difficult to
analyze than, for example, the output of a single-
ended cascade amplifier. Taking into account un-
avoidable imbalances in the circuit symmetry (for
example, resistor ratios other than unity, and hrpg
and Vg differences), unwanted pM outputs may
result from a cM input. Additional gain relation-
ships must be defined to reflect this limitation:

_ V,(CM) _ ,
Aca = V.OM) DM-to-CM transfer gain

_ V. (DM) _ g .
Age = v, (€M)~ CM-to-DM transfer gain

Subscripts 0 and i refer to output and input sig-
nals, respectively; A is a gain term.
As the pm output signal alone is desired, the
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Shaping. Emitter degeneration, introduced by placing a
resistor component in the emitter circuit, alters the
shape of the transfer characteristic and the linear range.

Age factor should be minimized. A performance
parameter, the common-mode rejection factor, cmg,
can be defined as the ratio of the cM input voltage
to the pm input voltage that produces the same
pm output voltage. Mathematically, the common-
mode-rejection ratio, cMR, equals Agq/Age, Where
Aqq is the differential-mode gain.

Predictions of the circuit’s behavior can be made
in this fashion:

» For analysis, the network is split into two
equivalent half-circuits;

» Circuit imbalances are accounted for by add-
ing interaction generators, resulting in two addi-
tional half-circuits;

s Sets of equations are derived through the an-
alysis of these four half-circuits.

Typical results of such a procedure are shown on
page 100. These relationships cxpress balanced and
unbalanced differential-amplifier performance, and
can aid in systems design.

Characterization in toto

In a discrete amplifier, circuit behavior is pre-
dicted by characterizing individual components
with respect to changes in temperature and fre-
quency. To do this with an integrated circuit,
however, would require the employment of tech-
niques used to study distributed elements, such
as transmission lines, assuming that their values
as discrete components could be measured or
calculated.

To get around this problem, the integrated-
circuit amplifier is characterized by its total ex-
ternal effect rather than by the magnitude of its
individual components. Usuing y or s parameters,
circuit behavior can be completely and accurately
determined; the measurement includes both de-
sired and parasitic elements within the circuit.

Unfortunately, these parameters are a function
of the amplifier connection. For example, the y
parameters for the basic differential-amplifier con-
figuration differ from the y parameters for the
same ICc connected in cascade. Power gain, noise
figure, and automatic gain control (agc) character-
istics are alsc functions of the application, and sup-
ply voltage as well. However, it’s rarely necessary
to build specialized circuits to measure the latter
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Governing equations: a matter of balance

The performance of the differential amplifier configuration reflects the degree of balance between each half-
circuit. Below are the relationships governing over-all circuit performance in cases of perfect match and of
imbalance. The & term indicates a small imbalance in a particular parameter; SE and DE refer to single-ended

and doube-ended operation, respectively.

+E,
< e
Rz:: B SR,
4
VOO'F—‘VW——“Vob

1. Collector current, I, (R4 = «):

a (.Vln—Vlb)]

I, = alo/[1 + eKT
2. Transconductance, gm:

opn = aryakr (=0T = o)
gm'(88) = Zm(sE)/[1 + 2Rigms.E0] (R1 # 0, R4 = =)
3. Common-mode gain, A.:
Aw = aiRe/(R1 + 2 Rs)
4. Differential-mode gain, Aga:

Aga = aR2R4/2R;(R2 + 0.5Ry)
5. Common-mode input impedance, Yc:
1/Ye = (B + 1) (R1 + 2R,)

6. Differential-mode input impedance, Y,a:
1/Yaa = (81 + )Ry

NOTE:

R, INCLUDES EMITTER CONTACT AND BULK
RESISTANCE, rec.

Rg INCLUDES BASE SPREADING
RESISTANCE, ry’.

7. Differential-mode rejection factor, DMR:

Ry Ri42R,
N Rl ) + ( Rl )
Rq 5Re

P+ 05R) TR T

e
DMR ~

662
Bi(1 + Be)
8. Common-mode rejection factor, CMR:

l____ B r&_&Jr
CMR  Ri+2R:| R R

9. Input voltage imbalances, AV,:
_ _RsRil [ oIy

561
Bi(1 + A1)

5Rg
SR, day

aiR1R4VsE + IeRle[E— + —8 +

Von =

Reg
———ANWN—E
4
BE <
Rs ;: Rs
E,

10. Constant current source, I,:

Rs

I = ®TEY [Ri(E — E;) — Vpe(Rs + Ry)]
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two factors; the relationships are depicted on data
sheet curves.

Equations 1 through 6 in the panel on page 100
are applicable to balanced conditions, and equa-
tions 7 through 9 show the effect of small imbal-
ances in a given parameter. For example, equa-
tion 9 indicates the effect of imbalances in I, R,
Ve, Re, 8, and Ry, especially on the collector oper-
ating point. Changes in the offset current will be
most pronounced with a high source resistance,
R., for instance. The effect is lessened if a high-
current-gain (hgg) transistor is used or ‘if low-
collector-current (I.) operation prevails. Similarly,
imbalances in R;, Ra, hyy, and Vpg must be mini-
mized if high common-mode rejection is the goal.

Another factor relating to improved common-
mode rejection is the common-emitter resistor, Rs.
The performance of the system would be enhanced
by making Rj as large as possible, but the resistor’s
value is limited by the magnitude of the supply
voltage, E.. Nevertheless, the effective resistance
can be increased without boosting E. by replacing
R with a constant current source—a current sink.
This procedure, shown on top of page 102, presents
a d-c resistance equal to Ry, but a finite a-c imped-
ance many times its d-c¢ value. The a-c-to-d-c im-
pedance ratio of R; can be further increased by
negative feedback of the cxr component; common-
mode rejection as high as 140 decibels has been
realized with this technique.

Use of a current sink offers other advantages.
For one thing, modification of the current in the
sink can yield automatic gain control, or squelch.
Since I, is not only a function of the resistors but
also of E—the potential at which the divider is
returned—a change in E will change L.

Also, the current sink compensates for changes
in temperature-sensitive parameter values—mainly
Vi and hpg drifts—if nonlinear forward-biased
diodes are used in the current-sink biasing net-
work. Good over-all temperature tracking of differ-
ential-amplifier gain is a result.

Because the collector impedance of the constant-
current source, Qs, is high, the a-c signal is deliv-
ered to the emitter of Q;, from Q,, because the
impedance looking into the emitter of Qy, is low.

The differential amplifier in this casc operates
as a common-collector stage driving a common-
base stage, a configuration that holds certain ad-
vantages. The reverse and forward transconduc-
tance and the input admittance are lower than
those of a single transistor, and the output admit-
tance is higher. In terms of frequency response,
the presence of the collector capacitance, C., pro-
duces a major corner (frequency breakpoint) where
the reactance magnitude equals that of the re-
sistive component. This capacitance limits the up-
per frequency response in double-ended configura-
tions, but can be ignored in single-ended modes.

Also, good isolation exists between input and
output in single-ended operation, resulting in a
higher 3-db point, and the upper frequency is
limited only by the collector-to-substrate capaci-
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Backbone. Operational amplifiers, biggest sellers among
linear IC’s, typically employ two or three differential
amplifier stages.

tance, the input capacitance, and the distributed
capacitance of the resistors. These capacitances
are lumped together in the 1c, so designers can
deal with a simple over-all cffect.

Applications in video

A typical video-type amplifier application—a
wideband, RC-coupled feedback amplifier—dem-
onstrates the systems-oriented role differential
stages can play. The 1c used, the Radio Corp. of
America’s CA3000, is a multi-stage differential an-
plifier preceded by input emitter-followers and con-
trolled by a constant-current source. This 1c has
a push-pull input and output capacity, a minimum
input impedance of 70 kilohms, and a low-frequency
output voltage swing of more than 10 volts.

Operation from either one or two power sup-
plies is optional. The magnitude of the supplics
and the biasing of the constant-current source de-

o

— — ==

Good match. Two stereo preamplifiers on one chip rely
on differential amplifier's thermal match for balance.
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Current sink. Use of constant current source in place
of large resistor in the common-emitter circuit
improves common-mode rejection and

simplifies monolithic fabrication.

termine the amplifier’s gain, output voltage, output-
voltage swing, and power dissipation.

Both single-ended and double-ended modes of
operation are available, depending on the pin ar-
rangement. The latter affords higher gain but more
restricted access. In single-ended operation the
1c has a voltage gain of 31 db, an output voltage
operating point of +2.3 volts, a voltage swing
of +3.7 volts about this point, and a total power
consumption of 40 mw for supply voltages of 46
and —6 volts.

In the arrangement, shown below, employing a
pair of CA3000’s, the first is connected as a double-
ended differential amplifier and the second in a
single-ended configuration. The RC interconnect-
ing networks are used for frequency shaping.

The load consists of the internal diffused re-
sistors plus external resistors R;» and Ry; all 8
kilohms. The total mid-band, open-loop gain is
62 db.

The amplifier has a corner at 1 Mhz caused by
the input stage of the second i1c. The addition of
a capacitor, Cs, staggers the high-frequency roll-
offs of the amplifier and improves stability. This
capacitor, in connection with the internal resistors,
creates a corner at 200 kilohertz.

The low-frequency rolloff is determined by the
interstage coupling; a corner exists at 22 hertz
because of the combined effect of one internal

6v

Cy
0.47uf

|

resistor plus, Ri» and C;. Amplifier gain drops at
a rate of 12 db per octave as a result of the 1-Mhz
corner. The rate can be cut to 6 db per octave over
a portion of the gain range by adding a small
resistor in series with Cs.

The amplifier’s over-all gain and bandwidth can
be changed by feedback from the output of the
second stage to the input of the first stage. In the
mid-band region, the gain of such a feedback am-
plifier can be calculated by a single expression in-
volving resistor ratios.

As the gain is decreased, the bandwidth is in-
creased. The gain can be reduced by applying a
voltage to the agc terminal located in the first stage.

Narrowband operation

The narrowband ic amplifier differs from the
video-type amplifier in that its two collectors have
no internal load. This permits the use of tuned load
circuits in the collectors, and gives the network
versatility.

There are many ways the circuit can be con-
nected, as shown on the facing page. Besides ampli-
fying, it can perform gain-control, mixing, oscil-
lating, and conversion functions. In each case, the
resistors are determined by the biasing conditions,
and the tuned circuits by the desired frequency and
bandwidth.

In multistage discrete amplifiers, the feedback
influence of load on input and source on output
complicate the tuning and aligning process. Because
the differential-amplifier and cascode-amplifier con-
figurations in 1c form have lower feedback factors,
they are suitable for r-f applications without neu-
tralization.

The main problem faced when reducing the
gain of any high-frequency amplifier is performance
degradation stemming from nonlinearity of the
transfer characteristics and from signal-handling
limitations. Changes in characteristics appear in
the form of cross-modulation—the transfer of mod-
ulation from an undesired signal to a desired sig-
nal—or intermodulation, the action that produces
harmonics of the desired modulation. The use of
the cascode connection in recent IC’s eliminates

C3

CA3000

T100pf
| L
) \

L
Cz2 .
0.47p gaz
AGC
VOLTAGE 457t
A AR& —‘-é' [
o

Cascade. Feedback amplifier using two video-type differential amplifying IC’'s and RC-coupling network.
Besides providing 62 db of gain, subsystem has automatic gain control capability.
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A narrowband amplifier works . ..

+Vee

... as a balanced amplifier. . .

AGC ‘_G)_
E ret ————— ()

+Vee

=

- .. as a cascode amplifier . . . . as a mixer . ..

+Vcc
+ Ve

RFC

+Vee ouT

...and as an oscillator.

.. as an agc circuit . . .

Broad base. The application versatility of the narrowband differential amplifier is largely due to its uncom-
mited collector arrangement. Relatively few changes are required in terms of the lead pins used; designers
merely alter the external network connected to the IC to meet various applications. The unit shown here

is the CA3020, popularly known as the universal IC.
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these difficulties because the current through the
input transistor is kept constant throughout the
gain-control range.

A typical application for a narrowband differ-
ential amplifier is in a medium-gain f-m, i-f strip.
Such a network would be used, for example, in
a standard receiver with a 10.7-Mhz center fre-
quency and 200-khz bandwidth. The desired volt-
age output of the tuner is 25 microvolts, with
a frequency deviation of =75 khz, and the level
of the recovered audio should be 155 mv at a
point 3 db below the knee of the transfer char-
acteristic.

Assuming that audio output required a signal
of 2 volts rms across the primary winding of the
discriminator transformer, a gain of 98 db is neces-
sary with a 25-uv input voltage. Only two stages
of gain would be used.

Coupled by a transformer, two 1C’s can provide
100 db of gain. To get the same characteristics
with a discrete semiconductor design, four or five
transistor stages would be needed, along with
coupling transformers between each stage.

Tandem

The impedance levels of the rca CA3028 and
CA3012 integrated circuits suit the interface re-
quirements of this arrangement at the input, on
both sides of the transformer, and at the load.
The 3028 is employed to provide routine differen-
tial amplification; the 3012 provides a limiting ac-
tion as well as i-f gain.

Vegz19v

The CA3028 has a typical gain of 39 db with
a 3-kilohm load. In the schematic of the proposed
amplifier shown below, the networks on the sec-
ondary winding of T, constitute the standard load-
ing of the ratio detector and provide a symmetri-
cal skirt of the pass-band. R. is the detector load,
and R; and C; comprise the de-emphasis network.
For minimum distortion, the primary impedance of
T4, R,, must not exceed the ratio of V. to I,
Here, I, is the maximum current through the T,
primary, and V. is the d-c supply voltage. I, is
determined by the nominal load, which is indicated
on the CA3012 data sheet curves.

The CA3012 consists of a series of three basic
differential amplifiers coupled by emitter-follower
stages, a configuration aimed at signal limiting.
The supply voltage to each amplifier is controlled
internally by voltage regulators formed by two
diodes and a transistor.

With the 3-kilohm load of Ty, the voltage ampli-
fication is 71 db. For effective limiting with this
gain, the CA3012 input voltage should be 400 pv.

Interstage transformer Tj also reduces the gain
of the system. The primary and secondary im-
pedances measured at the taps are 3 kilohm and
1 kilohm, respectively. The insertion loss of Ts,
resulting from the transformer itself and the im-
pedance match, is calculated to be 9 db and should
be included in the gain calculation.

The voltage gain of the CA3028 is the forward
transadmittance, y.,, divided by the sum of the out-
put admittance, yso, and the transformer load, yr.

Ry
68k
& <

L

ouTPUT

= 1
I
13 |
0.001uf ~
1 CA3028 (D cason2
<
Rs < |
50 < |
1 5 i 2 330pf 330pf
0.01 R4 h—l(——»—)l_.o
pf 2k 0.01pf é“‘ 1 5k2
T T i 3 ]
— ’ : —A—e—n—13
‘ __L‘ ‘ 6.8k _L 6.8k
l 37db | -9db T4 db 5 uf
20 1,200y 400pv 2vrms ?‘l+

T3 INTERSTAGE TRANSFORMER TRW NO. 22486 OR EQUIVALENT
T4. RATIO DETECTOR TRW NO. 22516 OR EQUIVALENT

I-f strip. Two IC’s and associated circuitry are all that's required for a complete 10.7-Mhz
intermediate-frequency amplifier strip. The first unit is a simple differential amplifier; the second

is a high-gain i-f amplifier with three differential stages.
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Key differential-amplifier parameters
Criteria Application category
Comparator | Video | Wideband | Narrowband | Audio | Pulse

Input bias current
Input offset current (for high-impedance

source)
Input offset voltage (for low-impedance source)
Input signal level * * B )
Common-mode input voltage range * *
Output quiescent point * * *
Common-mode output voltage * *
Maximum output voltage swing
Single-ended voltage gain (open loop) . * 5 * *
Power gain * * *
—3-db bandwidth 5 * i & * *
Distortion * * *
Common-mode rejection ratio
Single-ended input impedance
Single-ended output impedance
Y- or s-parameters &
Noise figure * * *
Agc range * * *
Pulse response * *
Power dissipation * * * ok * *

For this circuit, the voltage gain is calculated to
be 37.5 db; input voltage is 15 uv, well within the
25-uv specification originally called for.

As for the other components in the schematic,
R; and R, establish the bias point for one side
of the differential amplifier, R; balances the other
side, and R; and Cg provide the 7.5-volt bias re-
quired by the CA3012.

Evaluating parameters

Designing with the four other 1c differential-am-
plifier types—wideband, audio, pulse, and ordi-
nary differential-comparator circuits—usually calls
for procedures similar to those used in the general
cases of video and narrowband types. However
each of the six categories should be treated sep-
arately when it comes to evaluating parameters.

Some parameters—input bias current, input off-
set voltage and current, output voltage swing, im-
pedance levels, and power dissipation—are es-
sential in all six applications. On the other hand,
such factors as noise figure, agc range, and dis-
tortion are paramount in some applications and un-
important in others,

Pulse response, which reflects rise time, delay
time, fall time, and narrowband distortion, is im-
portant in video amplifiers as well as in the obvious
pulse-amplifying application because video types
operate at a d-c level proportional to the pulse
input. But wideband applications feature a-c coupl-
ing, and the output quiescent point is therefore
not a key parameter. Input signal levels are
important in all but comparator applications be-
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cause clipping at the input results in distorted
outputs except in that one case.

The table above lists the important parameters
for each type of application. Measurement of these
parameters requires relatively little in the way of
equipment; most of the necessary test gear can be
found in the typical laboratory.
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Circuit design

Designer’s casebook

IC operational amplifier makes
supply short-circuit proof

By Robert D. Guyton

Mississippi State University
State College, Miss.

An operational amplifier built with integrated cir-
cuits and inserted in a regulated power supply
makes the unit short-circuit proof. The supply fea-
tures variable voltage, low output impedance, low
noise, and low a-c ripple. It’s inexpensive to build
too, with only a few external components.

Power transistor Q; is a shunt regulator for the
30-volt supply; its output drives a Fairchild xA709
1¢ operational amplifier. Zener diode D, acts as a
voltage reference, and potentiometer P, varies the
gain of the operational amplifier and, in turn,
the output of the power supply through Q,’s base.
Capacitors C; and C., along with 1c stabilizing
components, prevent low-amplitude, high-frequency
oscillations from disturbing the circuit’s operation.
The +15- and —15-volt sources required by the
pAT09 are obtained from external low power zeners.

The power supply’s output voltage ranges from
6 to 25 volts and is adjusted with P;. When ad-
justed for 15 volts, the supply provides load cur-
rents from 0 to 60 milliamperes with little change

Designer’s casebook is a regular

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

30-VOLT UNREGULATED SUPPLY

IC-regulated. Power-supply regulator is built with an
IC operational amplifier and a transistor. Qutput resistance
is 0.05 ohms, ripple and noise less than 1 mv.

in voltage. Under short-circuit conditions, maxi-
mum current is limited to 120 milliamperes.

Resistor R; is selected to minimize the power
supply’s drift, and it controls the current in Dy. It
is thus possible to vary the zener temperature
characteristic to compensate for the drift of the
supply. With an R; of 620 ohms, a temperature
coefficient of less than 1 millivolt per degree centi-
grade is achieved.

The design can be modified to yield higher out-
put currents simply by lowering the values of R
and Rs and adding another low-power transistor
in a Darlington amplifier arrangement between the

ic and Q;.

FET source follower
enhances single-sideband

By Ahti Aintila

Helsinki, Finland

A field effect transistor in a source-follower con-
figuration gives the fast rise time needed in an
automatic volume control for single-sideband re-
ception. The reEr enhancement mode of operation

provides a threshold action that maintains the
receiver’s sensitivity to signals buried in the noise.

The demodulated audio signal feeds the voltage
doubler, composed of capacitors C; and C., and
diodes D; and Ds. The rectified output is developed
across Cs, which stores the peak value, and con-
trols the p-channel enhancement mode rer. Then
the signal is delivered through a filtering circuit
to the avc lines of the receiver.

Time-control pulses that determine the avc’s
speed are generated in an external unijunction
transistor-relaxation oscillator. The optimum rep-
etition frequency depends on the mode of trans-
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Pulse control. Audio input voltage is rectified, doubled,
and appears across capacitor C.. The FET provides a low
impedance output to the avc line, and external time-
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mission, a-m, ssb, or c-w, and is adjusted accord-
ingly. The pulses are differentiated by R, and Cs,
and the resulting output spikes turn switching
transistor Q; on, rapidly discharging C.. If the
received signal is still present, this capacitor
quickly recharges. Time constant RoCy is large

enough to keep the ave voltage nearly constant
during the charge-discharge period. A long time
constant is needed to minimize the fluctuation in
ave voltage with the received signal. If the signal
has disappeared, the control voltage begins to
decay exponentially with the next control spike.

Unijunction trigger
boosts ignition reliability

By Francis Honey

Denver Research Institute
Denver, Colo.

A hot engine or a cold battery in a car can cause
intolerable variations in ambient temperature or
supply voltage level, which adversely affect the
capacitor-discharge ignition system. These diffi-
culties are eliminated by replacing the usual diode-
resistor-capacitor triggering network with a uni-
junction pulsc generator.

In most capacitor-discharge ignition systems, a
silicon controlled rectifier is the switch that dis-
charges a capacitor into the ignition coil to pro-
duce the spark. When the pulses, which trigger the
SCR, are gencrated by a conventional diode-resistor-
capacitor network, the pulse quality varies with
changes in supply voltage and ambient tempera-

ture. The system’s reliability is further eroded by
the gate sensitivity of the scr, which also varies
with temperature and differs from unit to unit.

The trigger circuit has been incorporated in a
special high-cnergy ignition system designed to
meet the stringent requirements of a race-tuned
two-cycle engine. During extensive environmental
tests, the circuit operated reliably over a tempera-
ture range of —30° to -4-160° Farenheit with simul-
taneous supply voltage variations of —50 to +-30%.
The circuit’s dependability is largely due to the
temperature stability of the unijunction transistor
that generates the triggering pulses.

The entire ignition system, which costs less than
$50, has been installed on production sports cars.
Some of the cars that ordinarily need a tune-up
every 5,000 miles have been driven over 30,000
miles without noticeable deterioration in perform-
ance when equipped with the new ignition system.
Some race cars that previously required several
plug changes during a six-hour race have com-
pleted an entire season with one set of spark plugs.

In the circuit, the 27-volt supply is obtained
from the primary winding of a d-c to d-c converter,
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used elsewhere in the system, which is rectified by
diodes Dy and D, filtered with network R;, C;, and
Re and regulated to 13 volts with diode Dj. Suffi-
cient current, supplied from the battery through R,
assures reliable contact.

With the points closed, transistor Q. is cut off
and capacitor C; charges to approximately 5 volts.
When the points open, Q, saturates so that the
potential at point P drops to 6 volts and fires the
unijunction transistor, Q;. As long as the points
remain open Q. remains saturated and prevents

Trigger generator. Points open and Q. turns on to
drop the potential at point P to 6 volts and fire Q..

C. from recharging. When the points close again,
Q: turns off, and the potential at point P rises.
Capacitor Cs is then recharged through resistors
Rs, By, and R; to complete the cycle.

The time constant R;R¢C» introduces a delay of
one millisecond before C. accumulates sufficient
charge (approximately 4 volts) to fire the unijunc-
tion, Qi, when the points open; thus, transients
caused by contact bounce shorter than one milli-
second, do not cause multiple triggers on opening,
or unwanted triggers on closing.

Pulse-saving network
permits signal switching

By Charles A. Walton

International Business Machines Corp.
San Jose, Calif.

A fast, floating switch that chops analog signals
without introducing common-mode noise is con-
structed by connecting a pulse-saving network
across the secondary of a small pulse transformer.
Chopping is performed by switching a field effect
transistor on and off with the network’s output
voltage. The circuit’s pulse transformer, whose volt-
time product is less than 100 volt-microseconds, is
capable of maintaining 6-volt on or off signals for
longer than 100 milliseconds.

At time to, the circuit is quiescent with rio charge
on capacitor C; and no voltage at terminals 3 and
4 of the pulse transformer. A negative 8-volt step,
applied across input terminals 1 and 2 at time t,,
saturates the transformer to produce a negative
pulse at output terminal 3. The negative pulse

forces the potential at point 5 to approach —8 volts.
As this potential approaches —8 volts, zener diode
D; conducts, and clamps point 5 to —0.6; thus,
when the negative pulse reaches its peak shortly
after t;, point 5 is clamped at —0.6 volt by the
zener while point 3 is held at —8 volts.

When the negative input step reaches —8 volts,
shortly after t,, the transformer’s flux collapses
and the voltage at terminal 3 drops to zero, com-
pleting the negative pulse. However, the voltage
across C; cannot change instantaneously; hence,
point 5 rises toward +-8 volts. When the voltage
at point 5 reaches 6 volts, zener diode D, breaks

PULSE TRANSFORMER Qq
811 . 2N2608
Ry )
yl (2)
L4 S
4-e12
c )04 e,z ANALOG
COMMAND
6-VOLT A
VOLTAGE GENERAL VOLTAGE
PURPOSE
2 ZENER

—®

Switching action. Voltage at point 5 is either 6 or zero
volts, turning Q. off or on, respectively.
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down and clamps the point-5 potential. Since the
pinchoff voltage at the gate of Q, is 4 volts, the
voltage at point 5 holds Q, oft.

The 6-volt potential at point 5 decays very
slowly due to low leakage current through Ci, Dy,
and Q,. However, voltage at point 5 can be readily
maintained above the FeT-pinchoff voltage for
longer than 100 milliseconds when C, is a Mylar

capacitor, The decay time of the potential at point
5 determines the maximum ofF time for the
FET. Since the circuit is capable of indefinite ox
times, the circuit’s response to nonsyminetrical
waveforms is limited only by the decay time of the
potential at point 5.

When a positive input pulse is applied to ter-
minals 1 and 2 at time t., the voltage at terminal
3 is driven toward 8 volts so that point 5 also
moves positively. When the voltage at point 5
reaches 6 volts, zener diode D, breaks down and
clamps the point-5 potential.

Upon completion of the pulse (shortly after to),
the potential at terminal 3 drops to zero. As the
charge on C, cannot change instantancously, the
potential at point 5 tries to move toward —2 volts.
When point 5 begins to go negative, D, conducts
and clamps the point-5 potential at zero. With point
5 at zero, Q, turns on and passes any analog sig-
nals applied to its drain or source terminals. Tran-
sistor Q; conducts until the next negative pulse.

The pulse transformer is the Pulse Engineering
Co.’s model 2228 and the circuit has been operated
at rates from 10 to over 1,000 pulses per second.

High speed multivibrator
controlled by single ECL

By Akio Tojo

Electrotechnical Laboratory, Tokyo, Japan

An emitter-coupled monolithic logic circuit enables
the enginecr to design either a simple astable or a
monostable multivibrator having fast operation,
externally controlled repetition rate, and multi-
input start-stop oscillation control.

Voltage V supplies a basc-biasing current
through R, and R. for a current conducting switch.
The base voltage of a conducting switch is held
constant at —1.6 volts plus approximately 0.65
volts, forward diode drop by diodes D, and D..

With all inputs at their low voltage state the
circuit oscillates freely, but when any one of the
four input levels, G, Gz, Gs, or Gy, is high, oscilla-
tion stops. The input voltage for gating is com-
patible with that of conventional EcL’s —0.75 v
and —1.55 v). Assuming the voltage across R, and
R: is large compared with the output level, the
circuit’s repetition rate is given by:

1 V-V,

= RGTrC X av

mI I T
?3 } 3
l
NOR| OR
|
'11 REF @
it |
63
J ;
G, —=5.2v

Astable. In the gated astable multivibrator, variable
supply voltage V as well as circuit components control
the oscillation frequency. Components outside the
dashed box are included in the IC chip, a Motorola
MC-301.

where AV is the output voltage swing.
The pulse width of the output waveform is
slightly unsymmetrical, because of unequal values
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of Ry and Ry. These are required to maintain identi-
cal signal levels at the Nor and or outputs when
the EcL is applied as a logic gate. For symmetrical
pulse widths, the value of C; should be 10%
greater than C..

If the EcL is rewired, a monostable multivibrator
is obtained. A germanium diode D, and a silicon
diode D. give the appropriate voltage difference
between the bases of the conducting and open
switches in the quiescent state. A trigger signal
applied at any one of four inputs initiates oscilla-
tion. The input level is also compatible with the
conventional ECL output voltage.

Multivibrators designed around integrated cir-
cuits offer exceptionally fast, simple-gated opera-
tion. In addition, variations in element character-
istics and changes in temperature have little effect.

l v
| i
NOR
65 . éRc Ra
| 5.1% 5.1%
) | ¢
6(TO G4 eeL — } Zi‘)pf
TRIGGER
INPUT = i L
- — + 1
REF [ 0, D,
l Ge Si
| —1.6v

Monostable. By rewiring the astable multivibrator

a monostable circuit results with fewer components.
Circuit to the right of the dashed line represents
discrete component addition to the ECL.

Waveform generation eased
by two timing networks

By Larry Blaser

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

A nonsymmetrical, free running multivibrator capa-
ble of off-to-on-time ratios as large as 500 to 1 are
achieved by switching a diode betwcen two timing
networks. Time constants of the networks have
ratios proportional to the desired duty cycle of the
output wavetorm and the circuit’s pulse repetition
frequency (vwr) is independent of changes in sup-
ply voltage. In addition, the potential at the supply
may drop nearly 50% with little effect on the fre-
quency of the output pulses.

The pulse generator was constructed with inex-
pensive epoxy transistors and noncritical passive
components. To start the cycle, transistors Q. and
Qs are on and capacitor C, charges toward the
supply voltage, V.. The current charging C; flows
through Qs, Dy, and R., and is negligible through
Ri. While Qy is on, the output voltage is at Vg, as
shown in the output waveform diagrams.

When the potential on C, reaches 24 of the sup-
ploy voltage (%4 V), transistor Q; turns ou and
shuts off Q.. With Q. off, transistor Q; turns off
and the output voltage drops to ground, completing
the output pulse. With Q; off, capacitor C; slowly
discharges through R; and R, assuring a long off
time. No discharge current passes through the small
resistor Re as diode D,, in series with R, is reverse
biased when Qy turns off. Then Dy switches be-

VS
Q3
L 2N36384
35
2N3565 20k
R4
OUTPUT
01 VVyV
20k
S R Reg
iZOk 1k
- R{W_—_ —
. ¢, Stk™ " g, Dy
T 0.047ut
= 1k FDIN1
Nonsymmetrical multivibrator. Capacitor C, is charged
through D, and R. until C.’s potential reaches 24 V..
Vs -
==, —=—7 4] OUTPUT
0
2/ 7 - -4
3Vs l_—l
AR BASE OF Q,
TAY
2E BASE OF Q4
A

Output waveforms. When the potential at the base of
Q. reaches 24 Vs, Q, turns on, Q. turns off, and the
output drops to ground, completing the puise.

tween resistors R, and R. to provide a short on
time (while C; is charging through R, and D,) and
a long orr time (while C; is discharging through
I{] and Rg)

As the potential at C; drops through ¥4 V,, Q,
turns off, and Q. and Q; turns on. Thus, the output

110

Electronics | September 18, 1967



voltage rises to V,, starting a new output pulse.
The charge times for capacitor C, are
tl = RlClln 2
and
Rk
R; 4+ Re
when the values of resistors Rs, Ry, and R; are
equal. The duty cycle is given by the relation

1

to = Clln 2

duty cycle = e *‘1-{‘1 X 100%
2+ R,
and the pulse repetition frequency is expressed by
PRI(Hz) = .+ = _d 8

t+ te

For a low duty cycle, R; is chosen much larger
than Rs so the expressions for duty cycle and pulse
repetition frequency become

duty cycle = ﬁq X 1009,
1

and

1
Rl()lln 2

For reasonable accuracy and reliable circuit opera-

PRIV(Hz) =

700

650

600

PRF {Hz)

DUTY CYCLE (%)

500

1.0

0 ) 10 15 20 25
V,, SUPPLY VOLTAGE (VOLTS)

Performance curves. Supply voltage V, may
drop from 24 to 12 volts with little change
in the output’s PRF.

tion with a supply voltage between +12 and {24
volts, the value of R, should be between 20 and
100 kilohms, and the value of Rs should be between
0.2 and 100 kilohms. For these R; and Re values,
the duty cycle range falls somewhere between 0.2
and 45%.

The performance curves illustrate the astable
multivibrator’s operating characteristics when the
values of R, and R. are made 51 and 1 kilohms to
yield a 2% duty cycle. The value of C; is 0.047
»f, giving a calculated prr of 600hz. The measured
10- to 90%-rise time of the pulse is 0.3 microsecond
and the fall time is 4 microseconds.

FET cuts down
crystal loading

By Fred B. Cupp

Clevite Ordnance, Cleveland, Ohio

Crystal oscillators can be built with conventional

bipolar transistors, but the low input impedance
of the bipolar units loads the crystal. Using a field
effect transistor with its high gate-to source imped-
ance, however, minimizes crystal loading.

The design is a multiplier stage in a local oscil-
lator injection chain of very-high-frequency/ultra-
high-frcquency receivers. Oscillation at the desired
crystal frequency is achieved only when the tank
circuit in the source lead is tuned to about 0.7
times this frequency. This condition must be satis-
fied to give a phase lag that offsets the phase lead
due to the gate-to-source capacitance.

{MOTOROLA) - — OFTIONRL
MPF {02 otNouTRuT
Y'Y
120
Mhz
0.2
p.h
r= OUTPUT
40
Mhz 1k
+Vpp

Active element. Use of FET simplifies crystal loading in
oscillator-multiplier design. Values shown are

suitable for fundamental operation at 40 Mhz,

tripling to 120 Mhz.

The drain tank may be tuned to a desired har-
monic of the oscillator frequency, such as the third,
and the output may be taken from cither the drain
tank with link coupling, or from the drain lead by
capacitive coupling.
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Industrial electronics

Integrated circuits in action: part 7
Cutting costs on the factory floor

Marriage of diode-transistor and transistor-transistor logic
in a redesigned coordinate-measuring machine provides

greater reliability at a sharply reduced price

By Michael French

Potter Instrument Co., Plainview, N.Y.

Makers of industrial equipment are always striving
to improve their products. Some work for greater
reliability, some aim at price reductions, and others
go for a smaller-sized unit. The Potter Instrument
Co. tried for all three and achieved a notable
success by using 1c’s and a congenial mixture of
logic types when it redesigned its coordinate-meas-
uring machine for inspecting machined parts.

The machine—the Picomm IT—sells for less than
85,000, half the cost of its discrete-component
predecessor. It now weighs 550 pounds as against
3,400 pounds, and the specifications of the re-
vamped unit match or surpass those of the older
system. The electronics, which previously filled
three bulky drawers, now are packed into a hand-
some console that can be carried by hand.

The radical cut in price is possible because only
1/6th the number of parts are needed than before,
and labor costs are pushed down because so much
less effort is required to count, assemble, insert,
and inventory components. Of course, fewer parts
mean far less solder and cable connections—both
potential trouble spots.

The design of the clectronics is an example of
how compatible types of ic logic may be used to the

The author

I Michael French, an electrical

©. engineer with Potter for the

past 214 years, designed the
electronics in the Picomm |l
measuring system. He received his
bachelor's degrees in arts and
electrical engineering from

Brown University in 1962.
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best advantage. Instead of relying on a single logic
type, the 1c’s in the measuring machine include
diode-transistor logic (pTL) gates driving transistor-
transistor logic (ttL) flip-flops. This mix was se-
lected because prL’s are low-priced and the TTL
flip-flops are needed to drive high-capacity loads.

Measuring dimensions.

Inspecting machined parts is a critical function
in many production processes. A part turned out
cuickly by a numerically controlled machine tool
may take hours to inspect manually. With a co-
ordinate-measuring machine the job is accom-
plished in minutes.

The part, or workpiece, to be inspected is strap-
sed down on the work table shown on page 115. A
bridge over the table supports a movable probe
that can bc moved to any point on the work-
piece’s surface. To increase the size of the work
arca, the Picomm II mounts a probe on each side
of the bridge. The operator switches from one to
the other to increase the measuring area from
I8 x 18 to 18 x 31 inches.

Starting at a reference point, which can be set
anywhere, even off the part, the probe is moved
from one critical point to another. As this happens,
three transducers connected to the probe sense its
movement along the x, y, and z directions. Low-
level electrical signals from the transducers are
processed and used to indicate the probe’s position
on digital displays.

D-c amplifiers boost the transducer signals from
50-millivolt to 4-volt levels and they are fed to
analog-to-digital converters. The digital output
from the converters is then applied to bidirectional
decimal counters which activate the displays.
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Measuring the part. Probe is placed into machined hole on tape transport panel and its position
is automatically displayed on digital readout.

In the Picomm II, there is one display for the
horizontal x axis, and another display that is
switchable to read out dimensions on either the
horizontal y or vertical z axis. The reference point
may be set so that the numbers on a readout—
referring, for cxample, to the distance between
the centers of two drilled holes—correspond exactly
to the dimensions on a blueprint or inspection
sheet. The machine inspects printed circuit boards
or intricate electronic assemblies, as well as cast-
ings and machined parts.

A special optical attachment, used for inspecting
circuit boards, cnlarges and projects the board
pattern onto a viewing screen, shown on the cover.
Instead of moving a probe, the operator moves a
reticle over the critical points. Dimensions are
read out on the digital displays in the same way as
with the mechanical probe.

System design.

There are two sets of optical transducers—one
set for each horizontal axis—as seen in the system
block diagram on page 116. A third clectromechani-
cal rotary encoder on the z axis, used because it
takes up less space than the optical units, senses
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vertical displacements. The horizontal encoders
cover an 18- x 3l-inch area; the vertical encoder
measures heights to 7 inches.

Izach horizontal transducer consists of a strip of
glass, 22 inches long by 1% inches wide, on which
are scribed fine opaque lines, 500 to the inch. This
glass strip extends the length of the work area.
Separated from it by a few thousands of an inch is
a 1%-inch-square piece of optical glass also scribed
with the same density of lines.

The glass square, together with an incandescent
lamp and two photocells, sketched on page 117,
rides on the support bridge along with the movable
probe. Its lines are always parallel to the lines on
the glass strip. Light from the lamp passes first
through the glass square, then through the strip
and, finally, onto the photocells.

Detecting the sine waves

Outputs from cach of the two cells are sine-like
waves, duc to the variation in light intensity caused
by the movement of one set of scribed lines on the
other. The frequency of the waves, between d-c and
about 20 kilohertz, depends on how fast the probe
is being moved. Becausc of the way the cells are
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On location. D-c amplifiers are so small they can be mounted on the bridge inches from the optical transducers.

placed, the waves are in quadrature. Thus, for each
0.002-inch displacement of the probe, there are four
zero-crossing points of the sine waves, two from
each photocell. The resolution of the measuring
system, using zero-crossing detectors, is Vith of
0.002, or 0.0005 inches. Zero-crossing detectors on
the outputs of the z-axis rotary encoder similarly
produce 0.0005-inch resolution. This is about the
limit for this type of encoder.

For higher resolution, the two photocell outputs
are mixed in a precision-resistor ladder network
to give equal-amplitude phase-shifted signals. If
five signals, 0, 36, 72, 108, and 144 degrees apart,

are produced there will be 10 Zero-crossing points
to detect and the resolution will be 1/10th of 0.002
or 0.0002 inches. For a 0.0001-inch resolution, 10
phasc-shifted signals and 20 zero-crossing points
are produced in the ladder network.

The resistor ladder network is part of the analog-
to-digital converter of the coordinate-measuring
system. Usually such a converter takes a single
analog signal and quantizes it into digital signals
representing - different  voltage levels. However,
here the analog-to-digital conversion takes the two
data waveforms—the 90% phase-shifted signals
from the photocells—and separates them, not by

< BIDIRECTIONAL DECIMAL COUNTER
RESETBUTTON RESET LINE ‘
INTERCONNECTING
CABLE \ = count 1 _
T e T i ving PP e A B 2EEAREn
TRANSDUCERS AMPLIFIERS CONVERTER = ROUNT ) § —————-= — 6)
ANALOG L DOWN 1 ZERO CONTROL LINES |
—_— - — -
N MACHINE - DIGITAL SECTION IN READOUT CONSOLE —

|

System design. Both the horizontal x- and y-axis of the machine sense probe movement with linear optical
transducers and convert signals to digital form. The z-axis uses rotary position encoder to save space.
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Space saver. Picomm |l requires only about 409, of the area needed in the discrete component system.

level but by phase. Then their zero-crossing points
are detected to produce trains of output pulses for
each sine-wave cycle.

Each phase-shifted output signal from the re-
sistor ladder network is fed into 1c level-detecting
circuits. These are simple pTL gates which switch
from their high to low state as the analog input
varies. A 0.2-volt swing through the zero-crossing
point switches the gate. The level detector on each
signal yields a square wave for cach sine-wave
cycle. The first transition of the square wave turns
the flip-flop on, the second turns it off.

Outputs from the pr. gates are fed to rrr flip-
flops which produce clean square waves. Series LC
networks differentiate the waves and produce posi-
tive pulses that are fed to the bidirectional decade
counter. Whether the pulses should be counted up
or down is determined by a sequence detector con-
sisting of an array of pTL gates.

Trv flip-flops are used because of the capacitive
loading—up to 500 picofarads—of the differentiat-
ing network. The high output impedance of the pTL
gate, which is 2 kilohms compared to the TTL gate’s
60 ohms, coupled with this load would degrade the
rise time of the output square wave.

System electronics

Integrated circuits are used in the d-c amplifiers,
analog-to-digital converters, bidirectional decimal
counters, and logic circuitry. These elements con-
tain four types of integrated circuits:

= 946-type two-input quad DpTL gates

» 962-type three-input pTL gates, three gates on
a chip

= SN7473 dual j-x 1L flip-flops

» NE505 linear operational amplifiers
There is a drastic reduction in both the number and
type of circuits that make up the coordinate-meas-
uring system, and the space occupied by the clec-
tronics, as illustrated above.

For example, the transistor circuitry in the older
system used 2,200 components; the new system has
only 331. The 2,200 components consisted of six
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types of transistors in 254 places, 660 diodes, and
about 1,300 resistors and capacitors.

With 1C’s the same circuits arc put together with
only 136 1C’s, 90 diodes, and 105 resistors and ca-
pacitors. The area of printed circuit boards contain-
ing the clectronics in the new system is 580 square
inches; in the old it’s 1,450.

Tradeoffs

Conflicting factors had to be balanced in choos-
ing a mix of 1C’s for the Picomm II's electronics;
they are noise immunity, speed, and fan out.

The electrically noisy factory environment where
the measuring machines operate ruled out resistor-
transistor logic (rrL) which is relatively inexpen-
sive. Maximum noise immunity of RTL gates is only
about 400 millivolts, which is, unfortunately, of the
order of the noise anticipated. Diode-transistor and
transistor-transistor logic, with their noise immuni-
ties ranging from 800 millivolts to 1 volt, were ob-
viously the better choices here.

In general, noise was much less of a problem
in the redesigned Ic system because the voltage and

STATIONARY OPTICAL TRANSDUCER —+f |-90°
/ PHOTOCELLS
|

LAMP

500 LINES /INCH™ MOVABLE ASSEMBLY

Optical transducers. A variable amount of light
passed through a grating of opaque lines impinges
on photocells to produce approximately sinusoidal
signals spaced 90 electrical degrees apart.
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Block by block. Printed circuit boards contain
functions like counters and a-d converters.

current spikes during switching are smaller than
those in the transistor circuits. The small size and
great packing density of 1c’s also reduces noisc
pickup. Maximum distance between signal circuits
is only 6 to 8 inches compared with 2-foot-long
lines in the discrete design.

In the 1c counter, for example, the maximum
noise on the positive supply voltage of the counter
with respect to ground is a 60-nanosecond ringing
between 0.6 and 0.8 volt in amplitude. In the older
Picomm’s transistor electronics, the flip-flops gener-
ate a 200-nanosecond ringing varying between 2.5
and 3.0 volts.

Noise susceptibility of the transistorized system
restricted its maximum speed, so that using the fast-
est transistors was avoided because noise immunity
margins were reduced. With 1c’s, such considera-
tions are no longer important,

With respect to fan out, TTL’s ability to drive 10
to 12 elements rates better than the six-to-cight-ele-
ment capability of prr. However, the machine’s
logic circuitry in only a few cases required a gate
to drive more than four elements. Thus, DTL, even
with its lower fan out, was adequate.

In addition, the prL gates allow a wired or func-

Auxiliary. Optical
attachment projects circuit
board being measured

on the screen.
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tion, something not possible with TTL. For the same
reason, Sylvania ultrahigh-level logic circuits,
(sunL) which are a type of rrL and have high
speed and good fan out, were rejected.

Counting speed

The counting speed in the system was set at 1
megahertz, a factor of 10 improvement over the
100-kilohertz speed of the bidirectional counters in
the older systems. The faster speed doesn’t provide
any more measurement resolution, but rather re-
duces from 10 microseconds to 1 microsecond the
minimum time required between pulses so that the
counters don’t lose count. This, in turn, allows much
greater leeway in the adjustment of the machine. A
customer’s semiskilled personnel can unpack and
plug the system together.

Another advantage of the higher circuit speed is
that the probe can be moved much faster without
losing position count. The maximum speed was in-
creased from 900 inches per minute to 5,000 inches
per minute. This top speed is impossible to main-
tain over any distance, but such a rate can be
reached if the stationary probe is moved suddenly,
or the moving probe is brought abruptly to rest.

The 1-megahertz speed can be easily handled by
the prL gates, and by sunL and Motorola emitter-
coupled logic (zecL) as well. However, at $1 per
package, the pTL was considered the best buy. (In
addition, pTL needs but a single supply voltage,
unlike aecL, which operates with two levels.) Gates
with 6-kilohm output resistors werc selected in-
stead of 2-kilohm resistors, also available, because
the higher resistance reduced the drain on the
power supply and allowed a fan ont of six to eight
clements, rather than four to six.

In a few places, transistors had to be used be-
cause of very high fan-out requirements. For this
purpose, a transistor with characteristics closely
matching those of the 1c gates was chosen. One
such transistor is the 2N3646 with similar switching
levels, propagation, and switching times. By match-
ing the discrete transistors with the 1c’s, interfacing
problems were eliminated.

Although the 930-type prL offers a great variety
of gate types, all are inverting—~axp for positive
logic, ~or for negative logic. This was at first
thought to be disadvantageous because it would re-
quire additional circuits. However, cxternally con-
necting the outputs of the gates on a chip produces
a wired or configuration with which logic axp and
or functions can be readily performed.

System construction

The electronics is divided into functional blocks
contained on 5%- x 7¥%2-inch printed circuit boards.
All of the up-down decades in the decimal counters
are on a separate board. So are the analog-to-digital
converters. The decade boards also contain the
high-voltage transistors for driving the display tubes
mounted on the board.

Arranging the system in function blocks enhances
flexibility. Sections can be upgraded separately, as
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Inside look. With front panel removed, each circuit board with its numercial readout tube can be seen.

new components become available, without affect-
ing other circuits.

It's also casv to provide performance options,
such as better measurement resolution. For exam-
ple, to go from a resolution of 0.0005 inches to
0.0002 or 0.0001 inches, all that's needed is a 5%- x
TVY-inch circuit board. LZach board contains the
complete analog-to-digital converter, the resistor
ladder network for mixing the output signals from
the photocel’s, the level detectors and flip-flops,
and the differentiating networks. Although twice
as manyv signals must be handled for 0.0001-inch
resolution as for 0.0002, the 1C’s still fit on a single
board.

The space saved by the 1C’s also permitted a sclf-
testing circuit to be built on one of the p-c boards.
Consisting of a free-running 1-Mhz square-wave
generator made of two pTL inverting gates, the cir-
cuit triggers all the counting decades in the ma-
chine at their maximum rates. Such a circuit would
have been too bulky for a discrete-component sys-
tem.

In discrete components the d-c amplifiers had
to be put in the main clectronic package, about
6 or 7 feet from the position transducers. Now,
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the d-c amplifiers—NE505 linear operational am-
plifiers manufactured by Signetics Inc., a subsidiary
of the Corning Glass Works—arc small enough to
be mounted next to the movable probe on the
support bridge, only 6 or 7 inches from the trans-
ducers, pictured on page 116.

Another plus for the functional blocks is that
semiskilled people can maintain the system. Plug-in
function boards are substituted until the faulty onc
is isolated and replaced.

Most of the 1C’s in the system are packaged in
a 14-pin dual in-line epoxy plastic package. The
exception is the NE505 amplifier. So far, this device
comes only in a 10-pin TO-5 can.

The dual in-line package was chosen over both
the TO-5 can and the flatpacks mainly becausc it
handles easily in production. It’s also about half the
price of the flatpack and can be flow-soldered onto
the p-c board. Its leads don’t have to be carefully
cut and spread, as with the TO-5 can and, of
course, it has more leads than the can has.

So far, the hermeticity of the epoxy packages has
been excellent. There have been no failures in 2,500
units operating for the past vear in environments
of over 100°T.
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Circle 120 on reader service card

Mystik’s Teflon tapes combine the advantages of TFE Teflon film
with a silicone pressure-sensitive adhesive. As a result, they offer
high dielectric strength, low coefficient of friction, and high perform-
ance within a temperature range from —100°F to +450°F.

These remarkable tapes are particularly useful in reducing friction
on high speed equipment and as insulators of electrical apparatus,
but they have many other applications in the electrical and elec-
tronic industry.

Of course, Mystik Teflon Tapes represent only a few of the high
quality paper, film, and glass cloth tapes available for special appli-
cations. For assistance in selecting the best ones for your needs, con-
tact your local Mystik distributor. He’s listed in the Yellow Pages

under ‘“Tape” or write The Borden Chem- "
ical Co., Mystik Tape Div., 1700 win- e BORDEN
netka Avenue, Northfield, Illinois 60093, g CH E MIC AL
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Computers

Weaving a braided memory
that’s fast and inexpensive

By reducing parasitic capacitance between the wires,
a read-only memory can achieve cycle times as fast as
300 nsec; specially designed loom weaves the braid

By John J. Marino and Jonathan J. Sirota

Memory Technology Inc., Waltham, Mass.

Braid memories have long held out the promise of
low cost. But, for the most part, it was an empty
promise because of the knotty problem of coming
up with a memory fast enough to be practical. Now,
with a technique that greatly reduces the parasitic
capacitance between the wires in the braid, trans-
former read-only memory systems are being pro-
duced that can operate in cyele times as short as 300
nanoseconds and cost about 2.5 cents per bit. The
braid itself costs about 1 cent per bit, and this cost
is expected to be cut in half.

Comprising a series of lincar-ferrite cores—each
with its own winding—and a bundle of word wires,
the memories are being manufactured by Memory
Technology Inc. The wire braids are woven on a
specially designed loom [sec “From the loom of

The authors

John J. Marino (top) is president
and Jonathan J. Sirota is vice
president of Memory Technology
Inc., a company they founded in
1966 to exploit the braid-memory
design worked out at the Massa-
chusetts Institute of Technology.
Their nine employees are producing
braids in a former watch

factory in Waltham, Mass., in which
MTI shares space with several other
small firms. Marino attended the
University of Vermont and was a
research engineer at the General
Electric Co. and later at MIT.

Sirota is a Rensselaer Polytechnic
Institute graduate and holds a
master’s degree from MIT.
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I . .., p. 126], assembled onto the cores, which
have air gaps, and incorporated into modules.
These modules are built into memory systems.

Previous theorctical designs couldnt operate at
speeds much under a microsecond, because the
capacitance had to be charged at the start of cach
cvele.t And prior to arrr's loom, only one machine
had been built that could weave braids for mem-
orics—but that was an unwicldy laboratory de-
vice.?

Data in a braid

Basically, the memory contains one wire for cach
word to e stored and one core for each bit of the
output word. The lincar magnetic material of the
core doesn’t switch; the core acts like a transformer.
Information is stored by the relative position of
cach word wire with respect to cach core, making
the memory electrically unalterable or read only.
If a particular word wire passes through a par-
ticular core. a 1 is stored in the bit position repre-
sented by the core. But where the wire is threaded
around the core, a 0 is stored.

Binary information is stored this way because
of the high inductive coupling of the wire threaded
through the core and the multitum-sense winding.
If the word wire is threaded around a particular
core, the inductive coupling is low. Thus, when
a current pulse passes along a word wire, the
threaded cores produce large-voltage pulses on
their sense windings, and the bypassed cores pro-
duce cither small voltage outputs or none at all.
By monitoring the outputs of all cores simultane-
ously, the data is read out.

The linear magnetic material used in the trans-
former memory can be used in cores that contain
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Parasitics. Grouping of wires in conventional design
creates capacitances (in color) distributed over the full
length of the lines. It's the capacitance that slows

the memory's operation.

air gaps without significantly affecting its magnetic
properties. This allows the wires to be woven into
a braid to separate them into the 1 and 0 positions
for cach bit in every word. The braid is then placed
into U-shaped cores, which are then capped with
ferrite material.

Parasitic capacitance

In the conventional design of word-organized
memories, both read-only and read-write, the par-
asitic capacitance between groups of wires seriously
restricts the speed. This is a consequence of the
diode matrix that isolates the word lines from one
another.

In the simplest matrix, where word currents are
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unidirectional, one diode is in series with each word
line. The lines are then connected into a matrix
as shown at left, in such a way as to enable ad
dress bits to locate one of 2" word lines with only
2'/% current transmitters and the same number of
reccivers. With both ends of the word lines sep-
arated into groups, the capacitance between the
groups stems from the proximity of the wires. Thus,
current passing along a wire must first charge the
capacitance before reaching the other end.

An obvious way of reducing parasitic capacitance
is by connecting one end of each wire to a common
point. Such a connection implies an individual
transmitter connected to the other end of each line,
but this is obviously far too costly. To hold the
number of components at an acceptable level, the
matrix arrangement must be preserved.

Design for high speed

In ~rors high-speed organization, a two-input
AND gate is used in each word line. The two sets of
inputs are connected together in a matrix. To mini-
mize the unwanted capacitance, the word lines
share a common connection to a current supply at
the end oppositc the ax» gate. Both the inputs
must be on for current to pass through a particular
gate and word line. A memory containing 2" lines
requires 2" ANp gates and two sets of 2"/2 selectors.

Because of the large number of anp gates, an
inexpensive gate design is necessary. The simplest
design is a single transistor having its collector
in serics with the word line and its cmitter and
base connected to form the matrix. Additional 22
transistors, controlled by one of the two sets of
selectors, serve as current sinks.

In the configuration on facing page, all inputs
from both sides of the matrix drive only the bases of
switching transistors. Thus, the transistors need
provide only a small amount of current, about 15
milliamperes, and can therefore be connected di-
rectly to the outputs of commercially available in-
tegrated circuits.

Since all the word lines in this arrangement are
connected to the same potential at one end, capaci-
tance between lines is kept to a minimum. And it’s
primarily because of this one design feature that
the memory is capable of achieving a high speed.
Simplicity is achieved by eliminating the discrete-
component transmitters and receivers required in
the conventional design. Selectors can be built of
integrated circuits.

Braid modules

Mtr's memory contains 512 wires and 128 cores.
The wires are connected to 32 small termination
boards, each containing terminations for 16 wires.
Called the braid, this module and a transistor ma-
trix for line selection are mounted on a printed-
circuit motherboard to form the braid assembly.
This assembly is essentially a 32-by-16 matrix with
an AND gate at each of its 512 intersections. Each
gate is connected to a wire storing 128 hits of in-
formation. One edge of the assembly is the con-
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Common connection. A positive signal at X, forward- biases the first current-sink transistor. This provides a ground
connection for the top row of transistor AND gates. A positive signal at Y, permits current to pass through
only the first gate. Thus line 1 is selected. The word lines are in color.

nector, which renders the assembly pluggable.
The assembly is placed on top of the cores,
which are mounted on a sense-gate board contain-
ing output windings and diode-transistor-logic
sense gates. As many as four braid assemblies can
be placed on the cores in this manner. Shaped like
the motherboard, the sense-gate board also has a
connector on one edge. The braid assemblies, cores,
and sense-gate board is sandwiched by two pres-
sure plates to form what m11 calls a pluggable
“Memory Pac.” With four braid assemblies, the
Memory Pac has a capacity of 2,048 words of 128-
bits each, or a total of 262,144 bits. The mother-

boards’ connectors are for input and the sense-gate
board’s connector is for output.

Because it is modular, the system is easily main-
tained. The Memory Pac can be unplugged, disas-
sembled, and any part—cores, braid assembly, or
sense-gate board—can be replaced. Even the in-
formation in the braid assembly can be modified—
by merely removing the braid from the mother-
board and replacing it with another.

Many words per wire

Multiple words are stored on each word line for
two reasons. First, long wires are just as easily

BRAIDED———
WIRES

vV

SENSE WINDINGS

Transformer memory, [n this word-per-line organization, current through any one word wire generates a voltage
pulse in the sense wires of those ferrite cores that the word wire passes through. The cores are U-shaped with

ferrite caps to complete the flux path.
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woven as short ones, and memories made from
a few long wires cost less to build than those of
many short ones. Second, the probability of a
wired-in error is approximately proportional to the
number of wires, so that the risk of error is less-
ened with the multiple-word approach.

With this arrangement, a single cycle reads out
all the words on a single wire. An additional selec-
tion circuit at the memory’s output routes one of
these words to the computer or other digital as-
sembly served by the memory. The remaining
words are discarded.

For example, a braid memory containing 4,096
words with 32 bits per word could be made of 512
wires, each storing eight words. Each wire is con-
nected to the collector of one transistor in a 16-by-
32 array, the bases and emitters of which are con-
nected to address-selection circuits. To select a
word, a 12-bit address is required. Nine of these
bits select one wire, causing its transistor to be

forward-biased and thus enabling current to flow
through the line. The remaining address bits select
one of the cight words, which are read out in
parallel. The desired word is then routed by the
output selector.

Five different modules

The system at top of facing page can be made
with just five basic modules:

® Current source and control—containing a
pulsed current source and the circuitry required
to produce five different timing pulses for the read-
only memory.

® Selector gate—a modified decoder that can
have up to eight inputs, and produces both NAND
and AND functions at the outputs.

® The braid assembly—consisting of a braid con-
taining up to 512 wires with 128 bits per wire.
The matrix of 512 transistor switches used for sc-
lection is also included. If a specific system requires
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Sense gate module. This one printed-circuit board can sense up to 32 eight-bit words, or one

256-bit word, or anything between.
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fewer wires, only the necessary transistors would
be included here.

» Sense gate—containing up to 128 output sense
windings, 128 two-input sense gates, and 128 U-
shaped cores. This module together with the braid
assembly module and a substrate holding 128 fer-
rite caps for the U-shaped cores make up one
Memory Pac.

= Flip-lop—containing 12 set-reset flip-flops,
which hold the data for the computer.

The selector-gate module decodes the input ad-
dress and produces pulses that drive the word-
selection transistor matrix. Each module contains
an inverter for each input signal, AND gates to
form various combinations of the inputs and their
complements, and another inverter for each com-
bination. All eight combinations of the first three
input bits are decoded by the selector gate and fed
into an aND gate along with either the true or com-
plemented form of the remaining five bits. For the
latter, jumpers connect one or the other form into
the selector gates on a particular hoard. Thus, two
similar modules could have the same inputs yet
produce different output functions because of dif-
ferent internal connections of the five bits. The
connections enable this module to be used in any
matrix up to a 256-by-256 array.

Sensing the output

The sense-gate module contains the output wind-
ings mounted on U-shaped ferrite cores. the sense
gates, and the gates required to combine up to
16 sense signals on one line.

In the module, the strobe inputs to eight adjacent
sense gates are all connected to one pin. The mod-
ule, therefore, contains 16 strobe connections that,
if kept separate, can provide 16 words of eight
bits each. The array on preceding page has 128 sig-
nals from the braid under control of 16 strobe lines.
The outputs of these gates are combined to produce
the eight-bit words. All wired or connections—out-
puts of NAND gates tied together—are made with
jumpers. By removing the jumpers and connecting
together some of the strobe lines, longer words can
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memory of almost any size.

be read out in parallel.
The sensc-gatc module can therefore organize
the braid memory into any of several formats:
512 words of 128 bits per word
1,024 words of 64 bits per word
2,048 words of 32 bits per word
4,096 words of 16 bits per word
8,192 words of 8 bits per word
M1 also produces a smaller braid memory with
a total capacity of about 20,000 bits in which
a single 10,000-bit module combines all the func-
tions of the five modules in larger memories. The
braid contains 128 wires and 80 cores.

Simple and flexible

The modular approach to braid-memory design
provides simplicity and flexibility. And, at the same
time, it leads to improved system capability. The
Memory Pac concept improves the electrical char-
acteristics of the system by reducing capacitance
and inductance, eliminating discrete-component
drivers and receivers, and using single-ended selec-
tion of word wires.

Also, because it is modular, the memory's size

B By

8 8 INPUTS—-
8 INVERTERS

8 INVERTERS

3 LINES

3 LINES
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Selector gate module. Plugging jumpers into different
positions enables this circuit to be used
with memories as large as 256 by 256 bits.
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From the loom of MTI ...

Capable of weaving braids of up
to 256 wires each at 60,000 bits
per hour, Memory Technology’s
loom combines modemn electronic
instrumentation with the centuries-
old technique of testile weaving.
For a 512-line memory, two 256-
wire Dbraids—to be placed onto
each leg of the U-shaped core—
are encapsulated as a single unit.
Heart of the loom’s electronics is
a paper-tape reader, error-check-
ing circuitry, and power supply.

Data to be stored in the braid
is read from the paper tape and
stored in a small buffer memorv.
Binary 0’s in the memorv cause
control rods to be pulled to one
side. This motion establishes one
separation of 1’s and 0’s in the
braid. A mechanical arrangement
measuring about 18 by 10 by 4
inches then lifts the control rods
that have been pulled aside. To

Compact. MTi’s loom for braiding.

maintain the separation, the oper-
ator inserts a temporary separator
between the raised wires and those
that are not. Later, a U-shaped
core will fit into the space where

the temporary separator is inserted.

The mechanical apparatus also
feeds back the separation to the
electronic portion, for compari-
son with the data read from tape.
The operator can, if he wishes,
set the controls before starting to
weave a braid so that if an error
occurs, the loom automatically re-
peats the selection.

The process is then repeated for
the next separation.

The predecessor of aTr’s table-
top loom was the big Jacquard
loom at the Massachusetts Insti-
tute of Technology’s Instrumenta-
lion Laboratory. Unlike that ma-
chine, which was designed for tex-
tile work and modified for braid
weaving, the loom used at I
was designed specifically for braid
work. Controls on the loom are
electrical. Because hydraulic or
pneumatic equipment isn’t needed,
the loom’s speed and reliability are
enhanced.

can be increased simply by adding the appropriate
modules. For example, two memories whose capaci-
ties differ by a factor of more than 250 can be
made from the same modules, as shown in the
table Dhelow. The large system’s capacity prevents
it from attaining the same high speed as the small
system. However, it can attain a cycle time of 1
microsecond.

Braids in context

The a1t loom, shown above, is weaving braids
for applications ranging from microprogram storage
in general-purpose computers to constant-function
generators in digital filters. And the trend toward
using more rcad-only memories in computers
should give the loom plenty of additional work in
the future.

Computer designers are turning to read-only
memories to simplify the setting up of computers
for special applications. The memories reduce the

Two modular memories
Small Large

Capacity, words 512 32,768
Word length, bits 8 32
Current source, control modules 1 1
Selector gating modules 3 8
Flip-flop modules 1 3
Memory Pacs 1 2

each containing:

Braid assemblies 1 4

Wires per braid 64 512

Sense gates 64 256

Transformer cores 64 256
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amount of software needed. Braid memories have
an edge in this application. Since their construction
can be programed automatically, they are easy to
make. And, they are less expensive than other forms
of read-only memories.

For example, rope memories, another form of
transformer memory, cost several times as much
as braid memories. The rope design calls for a core
that switches, so the core cannot have an air gap
and must be anncaled before the memory is assem-
bled. As a result, the cores must be made in one
picce and the wires threaded through the cores one
by one—an expensive procedure compared with
weaving,

Braid memories are also more economical than
diode arrays, which cost about 10 cents per bit for
the array, plus the cost of the sensing and driving
circuits. Read-only memories have generally been
used in applications requiring no more than 1,000
bits, such as character generators in display sys-
tems. However, integrated-circuit techniques are
expected to drive down the cost of diode and other
semiconductor memories.

The other two major competitors are resistive
and capacitive memories, both of which can be
made cheaply by etched-circuit techniques. Re-
sistive memories cost only a few cents per bit, but
have poor signal-to-noise ratios. Capacitive mem-
ories compete on the basis of speed.
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In all our years
of solving engineering problems,
we never ran dacross one like yours.

Our phone numberis
(716) 325-2000,
Extension 3257.

Right now . . . someone at Kodak may
have the answer to an engineering prob-
lem similar to one being studicd by you.
Nowhere in industry will you find more
scientists, engineers, or technical field
representatives with more experience
in providing photographic solutions to
data-collection problems. Try us. We'd
like 1o work with you, as we have with
many others. For example . . .

An airframe manufacturer nceded to
know how many rpm a propeller could
tolerate before flying apart. He brought
the problem to Kodak. The answer:

Electronics | September 18, 1967

Or did we?

high-speed photography. The film: one
from Kodak with the mechanical
strength and toughness necessary to
withstand exposures at thousands of
frames per second.

An astronomical observation team was
trying to observe and record what hap-
pens to meteorites when they cnter
carth’s atmosphere. The solution was
to launch a series of small rockets and
photograph what happened on re-entry.
They called Kodak. and we provided a
special film. One with exceptional speed
and contrast, and which could be lam-
inated to fit the curved film plane of the
unique cameras used in the project.

Oceanographers needed a way to deter-
mine what was dcbris and what wasn't
on the occan floor. The problem: see
through the murk 135 feet down and

distinguish details clearly. They con-
tacted Kodak. We had what was needed
right on the shelf. A film, originally
intended for aerial reconnaissance, with
just the right combination of speed,
contrast, and sharpness.

Solving problems photographically is
Kodak's business. Perhaps we never ran
across onc like vours before. But if
youre facing a problem because of
something you can’t sce, we know a
great many ways to help you. Try us.
We'll put you in touch with the man
best qualified to assist you. Simply
call Kodak or write directly to:
Instrumentation Sales,
Eastman Kodak Company,
Rochester, N.Y.
14650.




Will a bargain bypass/filter
capacitor jeopardize your
entire system?

Specify CORNING®Glass-K Capacitors. .. for confidence

Considering the finality of bypass failure,
anything less than the reliability
of glass is false economy.

CORNING Glass-K Capacitors guarantee
that reliability in two case sizes.

Get 1000 to 51,000 pf in .250” x .100”, and
12,000 to 100,000 pf in .250” x .140”.

250"t

100D

Specify CORNING Glass-K Capacitors
when you need:

e bulk capacitance in minimum case size

* the total design flexibility of three stability
characteristics, T, U, and V

e capacitor A to track capacitor B with the
positive retraceability of glass

e minimum power attenuation and phase error
with CORNING Glass-K Capacitors’
low power factor

128 Circle 128 on reader service card

o tight end of life design with the
guaranteed low capacitance change of
CORNING Glass-K Capacitors
» adaptability to cordwood, printed circuit,
and point-to-point packaging.
Get all this in a competitively priced
unit that gives AC with life as tight as 2%, IR
greater than 100,000 megohms,
D. F. as low as 1%, and standard
item delivery of two weeks or less.
Tell us what you want a bypass/filter capacitor
to do, and we’ll tell you which CORNING
Glass-K Capacitor will give you the
confidence you need.

For complete data, write to:
Corning Glass Works,

Electronic Products Division,

3913 Electronics Drive, Raleigh, N. C.

CORNING
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Packaging

Problems of heat removal
chill progress in IC’s

Uncertainties in analysis and gaps in design and test data
force designers of integrated electronic systems to use
thermal management techniques rooted in the transistor era

By Allen B. Chertoff and James J. Foti

Loral Electronic Systems, Loral Corp., New York

After months of work, a project engincer plunged
the new airborne computer into boiling oil to
begin testing its ability to operate well in the ex-
treme temperatures of a jet aircraft. In the sealed
housing were crammed 2,000 integrated circuits
and heat exchangers so efficient the 1¢ junctions
couldn’t get hotter than 125°C.

But after a vear of operational trials, the com-
puter was rejected because of poor thermal design.
During most of the test period, the 1c’s continually
heated up to 100°C although the air temperature
around the computer rarely exceeded 35°C; 100°C
was too hot for long-term reliability. The produc-
tion contract was won by a competitive design that
allowed junction temperatures to rise to 150°C dur-
ing the brief periods the aircraft traveled at top
speed at very high altitudes, but held junction tem-
peratures helow 90°C in day-to-day operation.

What went wrong? \Whoever insisted on the
worst-case design didn’t realize that a cooling sys-
tem can be highly efficient in onc environment, but
inefficient in another. The convective cooling ca-
pacity of the air in the normal cnvironment wasn't
considered in the high-altitude design.

While the example is fictitious, the problem is
not. Such pratfalls occur because thermal manage-
ment in integrated electronics systems is not a well-
defined field nor is it well understood by specialists
in other engincering disciplines. Evidence of this is
the fact that even 1¢ manufacturers do not supply
packaging engineers with the 1c thermal character-
istics needed to do a good design job, and that sys-
tem designers may unthinkingly specify inappro-
priate packaging configurations and hardware.

Although the 1¢ era is now some five years old,
packaging approaches are mostly throwbacks to
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the transistor era. There have been few fundamen-
tal advances. Thermal management techniques now
lag so far behind 1c developments that they rep-
resent a serious impediment to general progress in
integrated clectronics. Equipment made with to-
dav's 1c’s rarely achieves the hoped-for increases
in reliability and decreases in size and weight—
which should temper the optimism about tenfold
improvements in reliability and packaging density
with large-scale integration in the near future.

Accomplishments have been few because most
of the effort and money lavished on 1c cooling
studies has been spent on only part of the problem.
Thermal analvsis has reached a new high in pop-
ularity, while thermal design and tests, needed to
prove out designs, are virtually ignored. The rcason
is obvious—thermal analysis is quicker and less
expensive than devising new thermal management
svstems and adequate test criteria.

Thermal analysis is undependable for accurate
design because too many variables are unknown
when analysis is made. If a design is based on
analvsis alone, the uncertainties can easily add up
to an crror of 25%. This forces overdesign that may
make the cooling system bulky and introduce fail-
ure-prone mechanical parts. The only way to get
an accurate design today is via the painstaking
route of analysis, preparation of a thermal mockup,
testing the mockup, refining the design, and finally
verifving the design in long-term operational tests.

No substantial progress is likely until the indus-
try recognizes that thermal management is at an
carly stage of evolution. It may then support ther-
mal management programs of the type that made
radio-frequency-interference control, reliability, and
maintainability well-defined disciplines. Criteria for
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analysis, design, and testing must be developed and
coordinated, and time and manpower provided for
exploring and evaluating new cooling techniques,
such as direct immersion in dielectric liquids.

Interface uncertainties

Thermal analyses are not inaccurate because of
lack of knowledge about the principles of convec-
tive, conductive, and radiative heat transfer. There
are dozens of formulas that can be used. Designs
based on such analyses are risky, however, because
many assumptions must be made about factors
that are uncontrollable in equipment production,
installation, and operation.

In the first place, a mix of heat-transfer modes is
probably involved in a design, and the actual
heat-flow paths are always somewhat different
from the generalized paths used in an analysis.
No general expressions covering all the modes have
been devised because the key variables of each
mode are different. The thermal resistance of a
radiative heat-transfer system varies as the cube
of the mean temperature. If convection is employed,
resistance depends upon air temperature and the
difference between the temperatures of the air and
the surface being cooled. In conduction cooling, the
main variable is the temperature of the conductive
medium,

Moreover, many of the so-called constants in the
formulas are actually low-order variables. Selecting
the right values of these variables depends in part
on the analyst’s experience and judgment. Also,
form factors in electronic equipment rarely fit the
geometric shapes upon which convection formulas
are based. Finally, the calculations can be upset by
variations in power dissipation from 1c to 1c, and
even by such seemingly minor things as differences
in clamping pressures in a conductive cooling path,
or in the mounting torque of stud-mounted devices,
and by variations in the dimensions and conduc-
tivities of hardware in the heat-conducting paths.

Assumptions must also be made about the oper-
ating environment. Unless a new avionics system,
for example, directly replaces earlier équipment,
the thermal interfaces between the system housing
and the aircraft must be guessed at.

Suppose the heat is to be radiated from the
housing. Usually, the designer has only rough
information on view factors (how much of the
radiation will be blocked or reflected by adjacent
structures), on aircraft skin or bulkhead tempera-
tures, and on emissivities of surrounding surfaces.
The mounting method may not have been decided,
if the aircraft is a new one, and even if the mount-
ing is specified, the designer must estimate such fac-
tors as thickness of conductive greases or adhesives,
and how much of the mounting area is covered.

Fahrenheit’s laws

Despite their shortcomings, formulas must be
used by the designer because cookbook solutions
are of less merit. When a designer relies upon the
literature, he chooses his thermal resistance values
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arbitrarily. The raw data available on heat con-
duction and convection applies only to specific
equipment configurations, environments, and uses.

A design that depends upon conduction for heat
transfer must allow for contact resistances between
materials in the heat path. The data in the litera-
ture are for particular alloys, particular mating
methods, particular temperature ranges and atmos-
pheres, and so on. The probability of a new design
meeting all these particulars is small, yet a change
in any parameter significantly changes contact
resistances.

Most designers start with the values for thermal
resistances that, from experience, approximately fit
the contemplated design. Uncertainties are cleared
up, when necessary, by bench tests and the use of
thermal mockups. Component temperatures can
then be calculated by applying the heat-transfer
equivalent of Ohm’s law.

The equations in the table at the right were
most useful to the authors—although they do not
appear in textbooks on heat transfer. Commonly
used values of the convection variables are tab-
ulated on page 133. No formulas are given for forced
convection, since the texts are full of them.

Forced convection

Solutions obtained from forced-convection analy-
sis are almost always less accurate than those ob-
tained for other modes. Among the reasons are:

* Coefficients and exponents are different for
flows over exterior and interior surfaces. If the de-
signer considers the cooling air or liquid to be flow-
ing on the exterior of the circuit boards, he’ll get
one answer. If he considers the flow as being inside
the system housing, he’ll get a somewhat different
answer.

= It is almost impossible to calculate the air ve-
locity at each point in the flow path. Velocity varies
with blower speed, cross-scctional area of the flow
path, and with smoothness of the surface being
cooled. Some components may not be swept by
the air strecam because it is obstructed.

* The equations are based upon empirical data
obtained with regular geometric shapes. Electronic
assemblies are rarely perfect planes, spheres or
cylinders.

Nevertheless, the designer of 1c cooling equip-
ment must frequently rely on forced-convection
systems. In compact equipment, free air space may
be insufficient for natural convection, and at high
altitudes the air is too thin. Natural convection be-
tween boards packaged in conventional card files
drops by 25% between sea level and 15,000 feet of
altitude, and ceases entirely at slightly above 20,000
feet. '

The unwary designer can be misled by specifi-
cations requiring that the mean time between fail-
ures (MTBF) of components be proven in tests at sea
level rather than at operational altitudes. Suppose
analysis indicates that junction temperatures will
not exceed 90°C at operating altitude. Sea-level
tests confirm this but the junctions actually heat up
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Thermal design formulas

Natural convection

AT, . = QR
Rv=4‘4(QZ:‘)-—0.2L0.2(AsKﬂ)—0.8
Ry = 1.8R,

Z, = anPng/ﬂaQ

where,

AT, . = temperature differ-
ence (°F) between the
surface being cooled
and ambient air

Q = heat dissipation, in watts
R = thermal resistance,

°F/watt
natural convection ther-
mal resistance for a ver-
tical surface, °F/watt
= natural convection ther-
mal resistance for a hor-
izontal surface facing up-
ward, °F/watt
natural convection ther-
mal resistance for a hor-
izontal surface facing
downward, °F/watt
significant dimension of
the surface being cooled,
in feet
area of the surface being
cooled, ft?
thermal conductivity,
Btu, hr-ft-°F
= gravitational accelera-
tion, ft/hr?
coefficient of expansion,
1/°F
density, 1b/ft?

u = viscosity, 1b/ft-hr

a = subseript meaning that
the variable is evaluated at air
temperature

5
I

Rq =

5
If

"
1 1

T x
It

p

Radiation
R. - 4.9X103(1/e+1/e—1)
2 Al" ’1‘1113
where,

R, = radiation thermal resis-
tance, °F/watt

& = emissivity of surface be-
ing radiated to (net),
dimensionless

& = emissivity of surface be-
ing radiated from (net),
dimensionless

A, = area of radiating surface
for parallel flat surfaces
or projected area of non-
parallel surfaces, ft?

T. = mean temperature be-

tween the radiating sur-
face and ambient, °R
Since T,, depends on the tem-

perature difference that is being
solved for, it is found by an itera-
tive method. The temperature
difference is repeatedly assumed
and then solved for until the
assumed and ecalculated values
are approximately equal. TFor
example, let
= 100°F = 560 °R

amb

a=e=0.9
Ay = 1 ft2
Q = 20 watts
then:
R, =
4.9X10%(1/0.941/0.9—1)
(1) Tw?
_ 5.9X10°
- rl‘mg‘
assumed calculated
AT e R. AT
100 610 2.58 52
60 5900 2.88 58

therefore: T,, = 59°F

Contact resistance

Thermal resistance across a
metal-to-metal interface in a
vacuum is approximated by

R _ (B+ed)(Yox10-+16)%
v T BX10°)(8.940.1e9)

(WoX 10°4-10)17
F(P.) G(S)

| where

thermal contact re-
sistance, °F-ft?/watt
apparent contact
pressure, psi
distance between
clamping points, in.
surface finish of lower
yield point surface,
w in.

initial yield point of
material on hot side
of interface, psi
initial total flatness,
in.

0.5+40C.1P.when con-
tact pressures are be-
tween 2 and 10 psi
0.85+0.065P,at con-
tact pressures between
10 and 30 psi
1.84-0.034P,, at con-
tact pressures above
30 psi

1.0 for surface fin-
ishes between 12 and
46 microinches
0.6440.03(S, X 10°
for surface finishes
below 12 u in.

G(Sp) = 0.79 — 0.0046 (S; X
10%), above 46 u in.

In air the thermal resistance of
a metal-to-metal interface is ap-
proximated by

Rea = Rev/W,
(Wo+32RcvKa)

Ree =
P, =
d =

S =

Yu —=

W, =

F(P.) =

F(P.) =

F(Pn) =

G@y) =

Gy =

where

R.. = thermal contact re-
sistance in air, °F-ft?/
watt

thermal conductivity
of air (evaluated at
the mean interface
temperature), Btu hr-
ft-°F

to 100°C when the planes are flying. The lower
MTBF that results may not show up until a number
of systems have been in operation for a year or two.

Asking for trouble

Information needed to determine 1c junction tem-
peratures—the core of the design problem—isn’t
available from the ¢ manufacturers. Ic specifica-
tion sheets contain only the worst-case temperature
values, but not thermal transfer characteristics of

the 1c package.
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Thermal characteristics of devices from the same
production run can vary as much as 5:1, as indi-
cated on the upper sketch in the diagram on page
132. Different packaging methods can result in a

15:1 variation. This causes problems in reliability

analysis as well, since 1c failure rates cannot be
determined if junction temperatures are unknown.
To make sure MTBF is adequate, safety factors must
be applied to the cooling system design—in other
words, the system must be overdesigned.

Ic manufacturers don’t want to commit them-
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selves to a specific junction-to-case thermal resist-
ance because that may prevent future changes in
materials, die sizes, processes, or bonding methods.
However, such changes can cause major problems
after a thermal design is frozen and a long pro-
duction run begins. The system contractor could
approve thermally unacceptable changes; in fact,
most procurement specifications do not cover con-
trol of thermal characteristics.

The oversight can be corrected by making reason-
able requirements part of the purchase order—for
example:

= Junction-to-case thermal resistance shall not
exceed 500°C/watt when the only heat-removal
surface is the 1ic package base.

= Thermal resistance of each lead, including lead-
to-die bond, shall not exceed 4,000°C/watt/inch
measured from the package centerline. This may
be ignored if the leads are not used as heat paths.

These particular requirements can assure junction
temperatures 30°C lower than the worst case. Re-
liability will be higher. In some cases, the designer
could avoid using an air blower or cooling fins.

Choosing a design

The family of curves on page 133 have helped
the authors to weigh qualitative relationships be-
tween design options. Similar groups of curves have
been developed for different device packages, cool-
ants, and assembly configurations.

The curves represent the cooling capability of
each method when heat sinks are not used. With
heat sinks, each curve shifts to the right an amount
depending on the type and location of the heat
sinks. Each clockwise step from curve to curve rep-
resents an incremental decrease in maintainability.
Natural convection requires no moving parts, forced
convection requires a blower, immersion cooling
usually takes pumps, seals, and heat exchangers,
and evaporative cooling demands the equivalent of
a refrigerating system or a replenishable coolant
supply.

Each step from curve to curve also represents a
step down in system size, due to higher cooling
efficiency. Note the dramatic improvement in effi-
ciency that is possible with liquid cooling. Large-
scale integration will probably force further devel-
opment of immersion and evaporative systems,
leading to equipment that is higher in reliability
although more trouble to maintain.

With such curves, a designer can quickly weigh
tradeoffs. Suppose he wants to make sure that 1c
package temperature will not exceed 300°F at a
power dissipation of 1 watt. If he selects natural
convection, he must use heat sinks. If he selects
forced convection, he pays a maintainability penalty
but gains a safety factor of 50°F, since forced con-
vection holds package temperature to 250°F at 1
watt dissipation.

Thermal mockups

Whenever feasible, the analysis and paper de-
sign should be backed up by testing of thermal
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DESIRABLE UNDESIRABLE

CHIP-TO-CASE BOND

| = =

Ryonp = 0-2°F-IN Z/WATT Rgonp=0-9°F - INZWATT

CHIP SIZE

| mm L mm

0.040" CHIP 0.025" CHIP
Repip=125°F/ WATT Repip = 1:400°F/WATT

THERMAL SPREADING

ALUMINA CASE GLASS CASE
Rgpg=10°F/WATT Rgpr = 600° F/ WATT

NI

8 LEADS
0.001 DIAX0.125 L
RLeaps® 17,000°F /WATT

LEADS

==

14 LEADS
0.004X0.025X0.25L
Rigaps * 720°F/ WATT

TOTAL RESISTANCE
Ry =120°F/WATT R, =1,800°F/WATT

15— RELATIVE MERIT =1

Package problems. Thermal characteristics of integrated
circuit flatpacks can vary as much as 15:1 because of
differences in construction, processes, materials, and
dimensions. In each illustration, color shows the part
responsible for the thermal resistance value given.

mockups. Subassembly and assembly models such
as those on page 134 are used at Loral Electronic
Systems so that thermal analyses can be checked
early in the development cycle. The models can be
built before the circuit designers have completed
their work.

The flatpacks in the circuit board mockup con-
tain resistors whose power dissipations equal those
of the 1C’s to be used. The resistors are silicon mono-
lithic types made with the same die size and pack-
aged by the same processes as the 1c’s they repre-
sent. The resistors are connected to appropriate
power supplies and test instruments by etched
wiring,.

Junction temperatures in the model will be es-
sentially the same as in 1C’s. Resistor values can be
monitored to detect heating that would affect an
1¢’s transfer function; silicon resistors have a high
thermal cocfficient of resistivity. If a resistor be-
comes too hot, it will fail like an 1c because the die
bonds or chip metalization is degraded. Package
temperatures, heat flows and hot spots are deter-
mined by any of the common techniques, ranging
from the use of sensors to plotting thermal pat-
terns with infrared scanners.

Assembly mockups are used to determine such
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Commonly used values of convection variables

Altitude T p m
ft °C/°F Ib/ft Ib/ft—hr
Sea level 25/77 0.074 4.5 1072
Sea level 35/95 0.072 4.6X 1072
Sea level 55/131 0.066 4.9 X 102
Sea level 71/160 0.064 50X 102
Sea level 95/203 0.060 5.1 X 1072
10,000 53/128 0.046 4.8 X 1072
10,000 68/155 0.044 49X 1072
10,000 93/199 0.041 5.0 X 1072
50,000 20/68 0.0086 4.4 X 1072
50,000 35/95 0.0081 4.6 X 102
70,000 10/50 0.0034 43X 10
70,000 35/95 0.0032 4.6 X 1072

K B 9Bp%/u?
BTU °Ft 1/°F—ft
hr—ft—°F

0.0149 1.87 X 103 2,24 X 10¢
0.0153 1.77 X 1078 1.85 X 10¢
0.0160 1.71 X 1072 1.30 X 10¢
0.0166 1.63 X 1073 1.22 < 10¢
0.0174 1.52 X 1078 8.50 X 10°
0.0161 1.71 X 1073 6.54 X 10°
0.0165 1.64 X 107 5.48 X 10°
0.0174 1.52 x 103 4,18 X 10°
0.0147 1.90 X 10-® 2,98 X 104
0.0153 1.77 X 103 2.34 X 10¢
0.0144 1.97 X 1073 5.14 X 10%
0.0153 1.77 X 103 3.61 X 103

factors as adequacy of selected heat sinks and air
blowers, and the best circuit board mounting
arrangement.

Preferred designs

When a thermal design proves itself adequate in
one system it should naturally be considered a can-
didate for use in similar systems—with appropriate
modifications. The use of preferred designs may not
advance techniques to the theoretical ultimate, but
they make for system cffectiveness. Besides, the
time And money needed to work up and prove out

350
NATURAL
“"-CONVECTION
300 fe——FORCED CONVECTION
250

IMMERSION
COOLING

200

SURFACE TEMPERATURE (°F)

150

100

50 ¢ :
0 1 2 3 4
POWER DISSIPATION ( WATTS)

Tradeoff curves, Quick comparisons between alternate
cooling techniques can be made with families of curves.
Efficiency rises and size decreases from left to right

in this comparison of methods for cooling TO-5 packages.
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totally new designs is rarely available.

The mockups on page 134 are two of Loral’s pre-
ferred designs. The board is a multilayer one, with
the top layer used as a heat conducting plane. Heat
flows through the metal strips under the flatpacks.
The strips are generally aluminum 3 inch wide and
0.010 inch thick. Thermal resistance of the con-
figuration is 17% less than a solid alumina substrate
0.050 inch thick, and only slightly more than a
bervllia substrate.

Clamped metal-to-metal interfaces transfer the
heat from the strips along the board edges to a card
file and then to the assembly case. The case is the
heat sink. Heat is removed from the case by con-
vection and radiation.

The chevron card arrangment in the second photo
on page 134 will, on the average, keep components
about 4°F cooler for cach 10 watts of power dissi-
pation in a forced-convection system than mount-
ing the cards in the usual way. Conventionally, the
cards are mounted in a manner that requires the
airstream to make one or more 90° turns. Angling
the cards makes them catch the breeze better, but
there is a more subtle reason for the better cooling.

Increasing the turn radius to 120° reduces the
turn angle to 60°. The drop in air pressure is
lower than in a 90° turn, and the air velocity is
30% higher. Thercfore, the air can pick up heat
from the components more efficiently (air’s heat
transfer coefficient varies with velocity). The tem-
perature difference between the air and the com-
ponent surfaces decreases by 6.8%, and the com-
ponents are correspondingly cooler.

Designs not preferred

Mechanical design of equipment packaging often
precedes thermal design, and sometimes parts re-
quiring long lead times are ordered before the
thermal design is established. This causes more de-
lay and higher costs than when the two designs are
worked out jointly.

More often, the designer must use thermally
inadequate parts because they are the ones readily
available. Typically, a decision is made to plug
circuit boards into available card files. These
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Thermal mockup. Conductive cooling design for multilayer board assembly of IC's can be tested with

a mockup like this. The flatpacks contain silicon resistors.

are expected to serve as primary heat paths, al-
though they conduct heat poorly. As a result, the
designer must rig up alternate conducting paths
or resort to blowers, so systcin effectiveness suf-
fers. '

Another reflex use of stock iteins is the selection
by eclectrical engincers of power supplies with
10% regulation. In mauny cases, a system would
be more reliuble and less expensive if extra money
were paid for 5% or 1% power supplies. Com-
ponents would run cooler and the cooling system

Chevron. Air stream cools more efficiently when circuit
cards are placed at 120° angle rather than the usual 90°.
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would not have to be beefed up to allow for over-
loads up to 10%.

Components such as power transistors sometimes
pump out more heat than the cooling paths can
readily handle, creating hot spots. Heat sinks or
finned cooling devices can spread the heat.

Thermoclectric coolers should be used only as a
last resort. The coefficient of performance of ther-
mocleetric devices decrcases exponentially as the
temperature difference across the device increases.
Since development of a temperature difference is
the reason for using the device in the first place,
refatively low coellicients must be accepted. In
practice, a reasonable upper limit is 0.5—that is,
for every watt removed from the hot component,
2 watts must be removed from the thermoelectric
cooler. Thus, the hot spot may reappear at an-
other location, which will not be very far from
the original spot bhecause thermoclectric coolers
are planar devices whose hot and cold sides are
close together.

Therimoclectrie devices, morcover, are character-
ized by high currents and low d-¢ voltages., A
single couple has a voltage drop of about 0.1 volt;
currents of 10 amps or morce are normal. Since the
quantity of heat to be pumiped governs the number
of couples, the d-c¢ supply voltages nceded may not
be available from the equipment power supply.
A special power supply may be required adding
to the system weight, size, and power dissipation.

Cold plates are also gencrally undesirable. They
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should be used when they provide the only system
interface—for example, when avionics equipment
must depend on a central heat exchanger in the
aircraft or missile. To save weight and lower com-
ponent temperatures, the coolant should be in
contact with heat dissipating components whenever
possible.

A typical cold plate is a hollow metal chamber
through which a cooling fluid circulates. It acts
as a buffer between the heat dissipating com-
ponents and the coolant. The heat follows a lor-
tuous path before reaching the final heat sink. This
Luffer always absorbs a substantial portion of the
temperature difference between the components
and the coolant—a difference that is usually lim-
ited at best in military equipment.

Worst-case design

Thermal designs based on worst-case environ-
ments will invariably result in >»1BF’s being lower
than if the design were based on the normal oper-
ating environment. The design goal should be the
lowest component temperatures in normal use.
Backing off from this to minimize the temperature
rise in worst-case environments makes the cooling
system less efficient in other environments.

While most jet aircraft, for cxample, operale
at altitudes above 30,000 feet, the cockpit is usually
pressurized to the equivalent of 10,000 feet. The
cquipment must be able to operate during a de-
compression, but that environment will exist for
only a small part of the equipment life.

A design based on the high-altitude, decompres-
sion condition would use only conduction and
radiation, because the air density above 30,000 feet
is too low for natural or forced convection cooling.
If the designer depends on air cooling during
pressurized operation, he can lower component
temperatures. Naturally, he'll also make certain that
component temperature limits are not exceeded
during decompression.

Fin spacing is a good case in point. Fins intended
for convective cooling at high altitude are widely
separated. Widely spaced fins transfer heat at low
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Heaters. Thin-film resistors can be deposited on hybrid
circuit substrates to control their temperature

by controlling power dissipation. These experimental
circuits contain extra heating resistors.

Temperatures in an avionics system
Environment Worst-case temperatures Application
| >95% of | <5% of
| components components l
 p— i - - =
Sea level I '
Ta=95°C I 120 ‘ 155 Qualification testing, transient operations
Sea level ‘
Ta=35°C 63 98 | Reliability testing, long-duration operations
10,000 ft. l
Ta=35°C 68 104 Long-duration operations
70,000 ft. |
Ta= 35°C 105 140 Qualification testing, transient operations
]
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altitudes—but not as cfficiently as a larger number
of fins placed closer together.

Another consideration is the relationship between
the component population and the maximum com-
ponent temperature. It may not be necessary to
insure that all components remain cooler than the
component temperatures required for reliability.
Again, the only qualification is that no component
be allowed to exceed its temperature limits.

Statistical methods of determining reliability
show little difference in »mBr for the following
two cases: 100% of the components no hotter than
30°C above ambient; or 95% within 30°C, 3%
within 50°C and 2% within 100°C. Designing for
the first case instead of the second means paying
unnecessary penalties in cost, size, weight, or
maintainability.

The table on page 135 represents an actual
case—a system designed lo operate in a pressurized
cockpit. The data represents component tempera-
tures for all pertinent conditions and shows that
the equipment will operate satisfactorily in a MIL-
E-5400 Class 1 environment. A rise of 35°C above
ambient was the temperature limit established by
MTBF requirements. The highest temperature al-
lowed for semiconductor devices was 175°C.

The specifications prohibited the use of blowers.
Heat was transferred by conduction from all com-
ponents to the outer surface of the assembly. The
rear of the assembly and the rear two thirds of
two sides were finned, with fin spacing optimized
for an altitude of 10,000 feet. Components with
high power dissipation were mounted directly to
the finned surfaces. During pressurized operation
natural convection transfers the heat from the
assembly surfaces to the air, with a negligible as-
sist from radiation. In high-altitude, unpressurized
operation, radiation becomes the primary mode
of heat transfer.

Putting heat to work

If the temperature of critical circuits must be
kept fairly constant, the simplest and most reliable
method is to control their power dissipation. Then,
the thermal resistance of the cooling system does
not have to be made variable to offset fluctuations
in ambient temperaturc—a requirement that might
call for moving parts and their controls, such as
variable-speed coolant pumps.

Resistors have been added as heating elements
to the experimental thin-film circuits on page 133.
This is an appropriate method of making 1c heaters,
since special control circuits requiring temperature
stabilization are often made as thin-film hybrid 1C’s.

The sensing element to be used depends upon
the substrate selected for the hybrid 1c:

» If the substrate is glass, a thermocouple de-
posited to contact the most sensitive component
is preferred. Because glass conducts heat poorly,
the component might overheat before a re-
mote sensor dctected the change. However, a
thermocouple requires additional circuitry to con-

trol power to the heating resistors. Sequential
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depositions of copper and constantan will form
a thermocouple.

= If the substrate is ceramic, a prefabricated
thermistor is suitable. Ceramics are generally good
heat conductors. One thermistor can control sev-
cral resistors deposited on either side of the
substrate.

= If it isn’t practical to put the sensor in the
circuit, a thermostat can be placed near it in the
heat flow path. Thermostats are economical, but
the heat path must be well-defined, which often
bars their use in convective cooling systems.

Any of these three methods can control an
IC’s temperature to +15°C with less than a watt
of power. Consider an 1c that dissipates 0.2 watt
of power through a normalized thermal resistance
of 100°C per watt. At an ambient temperature of
25°C, therefore, the 1c temperature will be 45°C.
If the ambient drops to —55°C, the temperature
can be maintained at 45°C by having the 1c dis-
sipate 1 watt—that is, by supplying 0.8 watt to the
heating elements.

The higher the thermal resistance of the heat-
conducting path, the less heater power is required.
A 02-watt 1C’s temperature can be maintained
at about 45°C in a —55°C ambient with 0.65 to 0.75
watt when cooling is by convection or conduction,
and with 0.4 watt if cooling is by radiation alone.
In practice, the value would be somewhere
between, becausc all three modes would be in-
volved.
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Power gain greater than 12 db @ 400 mc
from our FET RF Amplifier

SPECIFICATIONS —TYPE 2N5078

SiRowepGln CHISU)RERTIR,CB e Drain Current, Zero Gate Voltage:
4
» Noise Figure @ 400 mc: 4.0 db max 15 29mA

« Input Capacitance: 6.0 pf max * Pinch-off Voltage: 8.0v max

¢ Reverse Transfer Capacitance: e Gate Leakage Current: 0.25nA max
2.0:ptmax * Temperature Range
¢ Breakdown Voltage Drain to Gate: Operating —55°C to 150°C
30v min Storage —65°C to 200°C
Price: 1-99 100-999
5.00 3.35

Available from stock in TO-72 package

AMELCO SEMICONDUCTOR

DIVISION OF TELEDYNE, INC. * 1300 TERRA BELLA AVENUE + MOUNTAIN VIEW, CALIFORNIA + Mail Address: P.O. Box 1030,
Mountain View, California * Phone: (415) 968-9241 + REGIONAL OFFICES: East — Westwood, Mass., 805 High Street, (617) 326-6600
Melvilte, t.1., N.Y., (516) 692-4070; Syracuse, N.Y., (315) 437-8343; Paterson, N.J., (201) 696-4747; Glenside, Pa., (215) 887-0550; Towson,
Md., (301) 825-3330; Oriando, Fla., (305) 423-5833 e« Midwest — Des Plaines, llf., 650 W. Algonquin Rd., (312) 439-3250; Cedar Rapids, lowa,
(319) 366-0635; St. Louis, Mo., (314) 427-7200; Farmington, Mich., (313) 474-0661; St. Paul, Minn., (612) 488-6634; Columbus, Ohio, (614) 299-4161;
Dalias, Texas, (214) 631-6270 + Northwest — Home Office, Mountain View, Calif.; Los Altos, Calif., (415) 941-0336; Seattle, Washington, (206)
323-5100 « Southwest — Los Angeles, Calif., Suite 213, 8621 Bellanca Ave., (213) 678-3146; Los Angeles, Calif., (213) 870-9191; San Diego, Calif., (714}
298-4711; Phoenix, Ariz., (602) 277-9739; Albuquerque, N.M., (505) 268-0928; Littleton, Colo., (303) 798-8439 « Canada—Montreal, P.Q., (514) 384-1420

A ¥

Electronics | September 18, 1967 137




Transistor
Mounting
Pads?

Clips?

Heat Sink
Adapters?

GUDEBROD is your new, reliable source

for this important circuit hardware.

Precision made with traditional English
craftsmanship—by JERMYN Industries.

Stocked and sold exclusively in the
United States by GUDEBROD.

Gudebrod is now exclusive U.S. distributor
You ought to know more for the electronic products manufactured by
about these PI'OdlICtS! Jermyn Industries of Kent, England. Gudebrod

feels it will be providing the indusiry with
electronic hardware consistent with the high
quality products manufactured by Gudebrod for
neaﬁly 100 years. Glfxdebrod will extend the same
quality and depth of service it has become known
send for Catalog now! for in lacing tapes. Write for the Catalog GJ100.

Area Code 215, WA 2-1122

G UDEBROD BROS. SILK CO. INC.

FOUNDED IN 1870

QROD 5.
s s
v

Y
12 SOUTH 12th STREET, PHILADELPHIA, PENNSYLVANIA 19107
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A TECHNICAL DIGEST FOR INNOVATORS OF INDUSTRIAL EQUIPMENT
f )

COMPONENT
CAPSULES

. >

U J GE reed switch relays give you both the small

Here S Indus’[ry S size and high resp%nse you need for multi-relay

applications. Each GE reed switch relay you buy

mOSt Complete provides extremely long electrical and me-

offering Of chanical life. Units are available in a wide variety

of forms includigg standard, smlall,gnd minijature

| for open printed circuits, enclosed printed cir-

reed SWltCh relays cuits, tube plug-ins, and bracket-, channel- or
stud-mounting. Circle Number 90.

GE reed switch relays are particularly
applicable for latching, timing, and
voltage- or current-sensing

1 This traveling exhibit shows you just some of the
8 microwave : reasons General Electric is one of the fworld’s leading
1hi microwave tube producers! The van features “live”
tUbe eX‘hlbItS demonstrations of:
In one e Distance Measuring Equipment (DME).
e Radar Altimeter.
e Spectrum Analyzer.
e Unit Oscillator.
e \oltage Tunable Magnetron.

And many other tube and solid state attractions.
Write about a possible GE microwave van visit to

Coming your way — the General your plant. Circle Number 91.
Electric Microwave Tube Van

High_performance General Electric 86F aluminum electro-

I);tfic capacitors, with imprrc‘)verc‘i volumetric
- efficiency, provide extra high volt-micro-
ComDUter grade farad capacity for power supplies, in-
1 dustrial control equipment, and energy
capaCItors storage applications. Units are available
to 370,000 »f (at 5SWVDC) and at voltages
to 450WVDC. Ripple current ratings are as
much as 100% higher for a given case
size than are earlier models designed

for similar uses. Circle Number 92.

FueI Ce”S ) v While off-the-shelf hardware cannot yet
N ] I be”offered, prototypfes of packaged fuel
! : cell power sources—for communication or
What S avallable sensing equipment or for battery charg-
from GE ing—are now being tested. These units
weigh as little as one quarter pound per
today? watt and deliver upward of 80 watt-hours
Y- per ounce of special fuel. Completely self-
contained fuel cell power packages have
been developed for long unattended op-
eration in remote or underwater environ-
% ment. (Example: 44-kilowatt-hours at 175
watt-hours per pound, 5 watt continuous
with hourly 500-watt peak.)
Inquiries for experimental application
are invited.
Circle Number 93.

MORE



A TECHNICAL DIGEST FOR INNOVATORS OF INDUSTRIAL EQUIPMENT
COMPONENT
CAPSULES

Lower cost—yet higher
sensitivity with the new
L14B photo transistor

Bias your

reed relay

with Lodex®
permanent magnets

GE panel

Priced at 97¢ in lots of 100-999, General Electric L14B photo
transistors feature high sensitivity. Light current (typically)
=7mA at 10v when irradiance is 5SmW/cm? Typical applica-
tions include card and tape readers, door openers, counters,
and contactless potentiometers. Circle Number 94,

E ===

Shown actual size

This revolutionary new permanent magnet ma-
terial—the result of years of extensive General
Electric research—offers reed switch and reed
relay users high piece-to-piece magnetic uni-
formity. Lodex permanent magnets provide ex-
tremely close physical tolerances . .. can either
be pressed to the precise intricate shape you
require (reducing your overall package size) or
extruded for greater physical strength.
Circle Number 95.

Reedswitch with Lodex magnet

GE meter relays are ideal for
precise temperature control,

over-temperature protection, haz-
meter relays ardous atmosphere control, hy-
1 1 draulic pressure consistency—
avallable |n2 wherever control of auxiliary o A e
Styles equipment is needed. Contact- )
less action and “piggyback”
plug-in design provide excep-
tional reliability and easy instai-
lation. Choose BIG LOOK® or
new HORIZON LINE® meter re-
lays in a variety of sizes.
Type 195 BiG LOOK Circle Number 96. Type 196 HORIZON LINE
1 GE d-c power supplies are available in
New full fine a wide selection of 50 Hz and 60 Hz
Of hlgh- models with output voltages ranging
from 10 to 200 VDC. Eacl; ur|1it felagures
static-magnetic circuitry for long-life re-
performance, liability alrL}i r&olds d-c output vcl)ltage Itto
within = espite incoming line-volt-
regulated age fluctua‘t’ions over the rated range of
d-C pOWGI’ 97 to 130 voits. Other advantages include:
. e operation from —10 to 40C ambient.
supplies e total ripple content: 1% rms or less.

New cooling fan

1 pole motors and measure slightly under 434-
assemb“es incgeg s%uEare. 208 CFM agserrblies gre pow-

H ered by unit-bearing, 4-pole, shaded pole

fOI’ electronlc (rjnotors_t-?]ndléneashu:je less tfhan 6Y4 inghes
H eep with a 10-inch diameter fan venturi. Both
equment units require only simple ON-OFF switches
Cabinets for operation and are designed for years of

® plus or minus grounded installation.
e overload protection to 200% of rated
load.
Circle Number 97.

New 100 CFM (and similar 90 CFM) fan as-
semblies are powered by reliable GE shaded-

quiet, dependable continuous-duty operation
without maintenance.
Circle Number 98.

100 CFM assembly 500 CFM assembly

WE MAY NOT OFFER EVERYTHING YOU WANT FROM ONE COMPONENTS
SUPPLIER. BUT WE DO COME A LITTLE CLOSER THAN ANYONE ELSE.

GENERAL @D ELECTRIC



One shot with

There are a lot of ways to make a “con-

formal” coating. Dipping, spraying, fluid
bed...you name it.

But only one way, vapor deposition,
gives you a perfect conformal coating all
over in one shot, every time, No matter
how dense the circuitry or how complex
the component, a uniform and continuous
coating is deposited. (Vapor deposition of
BAKELITE parylene is an exclusive pro-
cess from Union Carbide.)

Here’s why. With parylene, you're not
coating with a liquid. You’re vapor-depos-
iting a polymer. There are no solvents to

arylene
COvers ever

evaporate, no opacifying fillers, no addi-
tives, no baking, no drying. And no muliti-
ple coatings are needed to make sure it’s
pin-hole free. (This means that you can
save as much as 10 hours in coating time.)

Parylene conformal coatings can be as
thin as 0.002 mil or as thick as 3 mils or
more. And they won’t, they can’t run, sag,
bloom, blister, wrinkle or blush.

What else? As a conformal coating,
parylene is a primary dielectric, an unsur-
passed moisture barrier, resists softening
at high temperatures, and its chemical re-
sistance is outstanding.

ything.

If you have a circuit or component that
you think might benefit from this new
plastic why not let our development cus-
tom coating service make a trial run for
you. Why take our word for it?

(If you haven’t heard, parylene produc-
tion units for your own use are available,
with a license, from Union Carbide.)

For additional information about our
BAKELITE parylene, please

write to Union Carbide UNION
Corporation, Dept. EM-9, [KMa{:1]1}3
270 Park Avenue, New

York, New York 10017.  PLASTICS

BAKELITE is 2 registered trademark of Union Carbide Corporation.
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If suddenly you're unhappy

with your present recorder...

60 0w o6
=

anoococ

For the VR-3400 was created for malcontents — people who have wanted
an advanced laboratory recorder at a budget price. Fact is, the full-ranged VR-3400
costs little more than some conventional portables.

There are a few “laboratory” recorders presently available in its price range.
But there are none which offer all, or even most, of its advantages. Namely..,

@ Magnetic recording heads guaran-
teed to exceed 1000 hours. CEC’s unique,
solid metal pole-tip design has eliminated
the inherent deficiencies of lamination and
rotary head design.

@ Failsafe DC Capstan Drive assures
dramatically-improved flutter and TDE
performance.

@ All-Electronic Tension Control.
Solid state amplifiers for improved linear
tension control and greater reliability.

@] 15-inch reel capacity.

@ Automatic 8-speed transport with
clectrically selectable electronics.

@ Modularized capstan control elec-
tronics for ease of maintenance and
system updating.

@ Convertible from mid to wideband
recording. New plug-in heads offer easy
interchange of headstacks up to 42-channel
capacity.

blame
CEC’s
new VR-3400.

Obviously, we're rather impresscd with the
new VR-3400. We belicve you will be too.

For complete information, call or write
Consolidated Electrodynamics, Pasadena,
California 91109. A subsidiary of Bell &
Howell. Bulletin 3400-X6.

CEC

DATATAPE PRODUCTS

M BeLrHOWELL

142
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GUARDIAN CONTROLS ARE VERY RELIABLE
for Down-to-Earth Applications, too.

You bet we're proud to have Guardian controls and control
grips used in our National Space Program. That's pretty
strong evidence of their precision, quality and dependability.
it enables us to come to you with the assurance that
Guardian controls you specify—for exotic or workaday
applications—will be built to the same high reliability
standards.

WRITE FOR
BULLETIN D1 AEROSPACE CONTROLS
BULLETIN J1 CONTROL GRIPS

GUARDIAN. G ELECTRIC

Guardian Electric Manufacturing Company, 1550 West Carroll, Chicago, Ilinois 60602

Circle 143 on reader service card

All the information you want about all Guardian Aerospace
controls (relays, solenoid contactors and control switches)
and Guardian Control Grips (for aircraft, helicopters, radar
control, crane control, spacecraft control, etc.) is between
the covers of the two books shown below.

Send for them. Or, if your need is more urgent, call your
Guardian man. He’'ll be at your service—fast.




AVALIG/CAC

7&s7~
RESULT

/
6’/ Zg U / / TESTr
///l/ / 4 U F 3 AVALOS —
7EC SUPPLY ST
7ESTS
ALl 7= o )
e SSTBLE 1C-ORDELTEST
GH »+Low ‘ s v
COMMAN DS f 3
Jvinvlnvlnvllvlvllu
AMALOG WPUT
Y, 5 ¥ 7EST
RESULT™
TRUTH
748L&
EER rop
L A Typreac D7z gars is7esmep e
ZwH | T/ AA Max & /1
LML | )] mAMA & /J7 p
Voor# (2.6 V miv & 0.72 wmA |
Voor co \D- 45V MAY @ /2.0 wA
Lee /6 mA N 50y

Infriguing, isnt i, this new way of testing digital infegrated circuits?

Now you can make sure ALL of your ic’s
will work — because you can make both
parameter and functional tests simul-
taneously, and for all permissible
combinations of inputs. O It's done by
exercising all the LOGICAL inputs on the
ic-under-test and selecting the appro-
priate ANALOG measurements that
should be made. 5,000 such measure-
ments are made in 1/100 of a second.

144 Circle 144 on reader service card

ACT 1, Teradyne, 183 Essex Street,
Boston, Massachusetts 02111.

Electronics | September 18, 1967

O Even more exciting, our Analogical
Circuit Technique is available on a little
machine that weighs only 25 Ibs. It's a
cinch to program, and costs only about
$5,000. O We call it ACT 1 (because of
the fortunate acronym). 0 To fearn more
about analogical testing, just write:



General purpose resistors packaged 7 ways to
CUT YOUR PRODUCTION COST

Only IRC offers general purpose resistors in so many money-saving
forms of packaging. For automated or manual insertion, they provide
significant savings in counting, handling, stocking, and assembly.

Ie

Nov AL

AMMO PAK. 10,000 resistors on a continuous lead tape. Self-
indexed.

BODY TAPE REEL. Bodies held by pressure sensitive tape.
LEAD TAPE REEL. Leads held by pressure sensitive tape.
GRIP STRIP*. Self-indexed. Self-aligned. Easy release.
ORIENTED BULK. Neatly aligned with straight leads.

CARD PAK. Corrugated card holds 50 resistors.

CUT AND FORMED LEADS. Wide variety of configurations
available.

Find out how these and other custom forms of resistor packaging can
simplify your assembly procedure. Write for packaging data and prices.
IRC, Inc., 401 N. Broad St., Philadelphia, Pa. 19108.

Electronics | September 18, 1967

IRC GENERAL PURPOSE RESISTORS
= P -

Carbon Composition Typé GBT. %, ¥ and 1 watt.

2.70 to 100,000 megs. +5, 10, 20, 30% tolerances.

i

Wirewound Type BWH. 2-watt rating, yet small
enough for 1 and % watt needs. 0.19 to 1800¢e.

.

Wirewound Type BW-20. 1 watt @ 50°C in '3 -watt
size. 0.24 0 to 750 @. Exceptional stability.

Circle 145 on reader service card
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TAKE YOUR PICK!

15-AMP RELAYS

You can be ‘‘choosey’’ here

146

to match design, budget, and performance needs.

uun LATEST: Type 415XBX, DPDT relay

Trim, compact, and with few parts, the 415XBX offers low cost and long
life reliability for rugged contro! jobs. AC and DC coils are encapsulated
for environmental protection. Typical 300 volt insulation spacings are
obtained by use of molded insulating materials. Easily wired screw ter-
minals accommodate #14 stranded wires. Wiping contacts on flexible
contact arms will safely make inrush currents to 50 amperes. Recognized
by Underwriters’ Laboratories in their components recognition program.
Request Data Bulletin 44715,

\

OUR LOWEST COST: -rc 215 rciye

One of the smallest and most inexpensive 15 ampere relays available.
AC or DC coils up to 230 volts AC and 125 volts DC. Contacts in single
pole and double pole versions rated 15 amperes. Electrical insulation
spacings for 150 volts. Terminals for solder connection. Metal base
mounted.

Request Data Bulletin 4215.

\\

J

x
OUR MOST VERSATILE: "2

Supplementing the popular Dunco 6 ampere midget relays, widely used
in industry for 30 years, these 15 ampere versions are available in 12
contact arrangements up to DPDT. All common AC coils to 230 volts and
DC coils to 125 volts are available. Electrical insulation spacings are for
150 volts. Dozens of modifications including terminations, mountings and
enclosures are readily available.

Request Data Bulletin 4618.

/

Circle 146 on reader service card

STRUTHERS-DUNN, INC.

PITMAN, NEW JERSEY 08071
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U
VsrERRY RAND

Sperry Rand Corporation has solved a unique
oscillator application problem for multi-mode
radars on the RF-4C and the A-7A_Texas Instru-
ments Incorporated, prime contractor for both
radar systems, needed a dual function tube —
one which could serve as local oscillator in the
radar, and would also work in the test and check-
out circuit.

Sperry suggested the SRU-2161, and tests
proved they were right. Today every AN/APQ-99
(for the RF-4C) and AN/APQ-116 (for the A-7A)
system carries two of these Sperry refiex kly-
stron oscillators

The SRU-2161 delivers 50 mW at Ku band,
while operating from a 300 V power supply. Since
the oscillator has Sperry's unique adjustable
reflector voltage, both tubes in the system can
be driven from a single power supply. Mode
shapes can be controlled to comply with the
exacting tolerances of both systems.

If you need unusual performance from klystron
oscillators, Sperry is the place to look. Contact
your Cain & Co. representative, or write Sperry
Electronic Tube Division, Sperry Rand Corpora-
tion, Gainesville, Florida 32601.

SPERRY

MICROWAVE ELECTRONICS AND
ELECTRONIC TUBE OIVISIONS
CLEARWATER AND GAINESVILLE, FLORIDA

Why multi-mode radars for RF-4C and
A-7A depend on dual-purpose oscillators from
Sperry...the first name in microwaves.

Electronics | September 18, 1967 Circle 147 on reader service card 147




This

Keystone
Thermistor
assembly

in this
CLIFTORN

integrating
tachometer

Makes all this difference
in temperature performance
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In precision computing applications using integrating tachometers, variations in
output characteristics with temperature must be held to a minimum. To obtain the
required performance, Clifton, Division of Litton Industries employs temperature
compensation. [] The improvement in performance resulting from temperature
compensation is shown graphically above. [] Responsible for the contrast is a
Keystone Thermistor assembly. Thisis one of hundreds

of different configurations made to specific customer

requirements to the highest standards of quality and @ stone
performance. May we have your inquiry? KEYSTONE Jeads
CARBON COMPANY, St. Marys, Pennsylvania15857 in creative thermistor technology
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How much isolation does your microwave system
need? How low must isolator insertion losses be?

Regardless of your answers, the right iso-
lator or circulator is most likely to come from
Sperry, no matter what frequency range you're
working in.

After all, the coaxial isolator was invented at
Sperry, and Sperry has set the pace in its devel-
opment. Today the Sperry line is unquestionably
the industry’'s most comprehensive.

You can get 217 models of standard Sperry
isolators and circulators. Frequencies range from
0.1 to 40 GHz. Isolation can be as high as 40 db;
insertion loss as low as 0.3 db. Remarkable
custom development capability is also available.

Write for our new catalog and look over the
line. Then, if you don't see exactly what you
want, ask for it. Ask your Cain & Co. man
or write Sperry Microwave Electronics Division,
Sperry Rand Corporation, Box 4648, Clearwater,
Florida 33518.

SPFPERRY

MICROWAVE ELECTRONICS ANO
ELECTRONIC TUBE DIVISIONS
CLEARWATER AND GAINESVILLE, FLORIDA

The world’s most comprehensive line of
microwave isolators/circulators comes from Sperry...
the first name in microwaves.

Electronics | September 18, 1967 Circle 149 on reader service card 149



150

Let Honeywell extend your
EMI measuring capabilities
with these off-the-shelf products.

6846 VHF RECEIVER — For EM|
evaluation, countermeasures and sur-
veillance applications. High sensi-
tivity: all solid-state; bandwidth
variable 20kHz, 200kHz, 5MHz:
powered from AC line or batteries.

E

$3130

1§ ¢
0%
®hun
S

o

i G-

7870 METERING PANEL —To con
vert any general purpose receiver with
an IF output from 10kHz to 65MHz
into a tuned voltmeter for EM| meas-
urements. Wide bandwidth, slideback
detector, average or peak reading volt-
meter, high level video out to 50 ohm
load, all solid-state.

STTE ST e
e v 4| . l
F00 Cmmt [

$600

PLT-1/PP REGULATED AC POW-
ER SUPPLY — A solid-state, 60Hz,
115v rms supply for use in any appli-
cation requiring extreme amplitude
and phase stability. Low distortion;
1 KVA.,

$2450

4881 TRANSIENT GENERATOR —
For making conducted transient sus-
ceptibility tests to interference specs,
such as: MIL-STD-826 and A, MIL-
E-55301(EL), MSFC-STD-279 and
others. High peak pulse power, 60 and
400Hz synchronization, plus 0.5 to
500 PPS free running, 360° pulse
positioning.

o Vg,
O k) o

*
_._ et ____E' .| $690

4857LOW FREQUENCYIMPULSE
GENERATOR — Provides flat spec-
trum of calibrated amplitude signals
in 120Hz — 250kHz range for signal
substitution or calibration of receivers
and field intensity meters. Solid-state
electronics.

3858 — 3861 LOW FREQUENCY
POWER LINE IMPEDANCE STA-
BILIZATION NETWORKS — Used
for conducted interference testing of
equipment requiring high leve! input
power line current. Frequency range:
14kHz-5MHz;:500hm line impedance.

© o O
$230-$290

2880 MULTICOUPLER — Provides
up to 20 outputs from 50 or 72 ohm
input. Low noise, all solid-state, mod-
ular, O db insertion loss from 1 to 54
MHz.

AW-204 TRANSISTORIZED
WIDEBAND AMPLIFIER — Used as
a preamplifier with standard EM| me-
ters and calibrated signal sources to
provide rapid, remote measurement of
extremely low level electric field sig-
nalsin the 14kHz — 30MHz frequency
range.

=

$880

\

3862 HIGH FREQUENCY POWER
LINE IMPEDANCE STABILIZA-
TION NETWORK — Same as 3858 —
3861 networks, but for 4MHz — 1GHz
frequency range; 80 amp capability.

$220

Honeywell engineers sell solutions

The instruments shown here are more examples of how Honeywell's broad line, backed
by local sales and service, can provide the precise solution to your instrumentation
problems. For full details on any or all of these fine products, call your local Honeyweil
Representative, or write: Honeywell, Test Instruments Division, Annapolis Operation,
Box 391, Annapolis, Md. 21404,

Circle 150 on reader service card
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All the while we've been looking for
someone like you, you may have
been trying to find someone like us.

As an Industrial Electronics Engineer,
you may have been looking for a compo-
nent standardization program that makes
things easier for you.

You may have been looking for a line of
capacitors and relays with the quality only
long production process specification con-
trols makes possible.

You may have been looking for a way
to get your components within 48 hours of
the time your order is received. If that's

what you've been looking for, this coupon,

is all it takes to find it.

2 CORNELL:
Ndwall DUBILIER

50 Paris Street, Newark, New Jersey 07101,

Now that you've found me, please send me your new Component Selector so | can use a service

like the one you've just described.

Company Title

Address

City

State Zip

E

.

Electronics September 18, 1967

Circle 151 on reader service card

51



The end of the non=-portable portable

Mark 220 by Brush...

e a brand new recorder with

9 90990

a 25,000-channel pedigree.
Behaves like its famous grand-
daddy, the Mark 200, but
weighs only 25 pounds. De-
livers traces that are unbe-
lievably sharp, 99% percent
accurate. Solid state electronics
provide position feedback pen
control . . . no springs, no
strings. The new Mark 220
has two channels for analog
e = recording, two for events.
Maximum sensitivity is one
millivolt per chart division, ———=me==}
buttherecorder is electrically i " s
protected from overloads as high as 500 volts. Pressurized
writing puts smudge-proof traces into paper, and there’s
enough ink in the throwaway cartridge to last for about
€ E " a thousand miles. Less than $1700
=3 1 will put you in business with this
x fine instrument...and it’s light
enough to take anywhere. Call for

@%Y | a demonstration of the remarkable
Mark 220 . .. and if you wish to keep the unit we’ll
swap it for a P.O. number. Clevite Corporation, Brush
Instruments Div., 37th & Perkins, Cleveland, Ohio 44114,
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All the while we've been looking for
someone like you, you may have

been trying to find someone like us.

As an Industrial Electronics Engineer,
you may have been looking for a compo-
nent standardization program that makes
things easier for you.

You may have been looking for a line of
capacitors and relays with the quality only
long production process specification con-
trols makes possible.

You may have been looking for a way
to get your components within 48 hours of
the time your order is received. If that's
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The end of the non=portable portable

Mark 220 by Brush...

a brand new recorder with
a 25,000-channel pedigree.
Behaves like its famous grand-
daddy, the Mark 200, but
weighs only 25 pounds. De-
livers traces that are unbe-
lievably sharp, 99% percent
accurate. Solid state electronics
provide position feedback pen
control . . . no springs, no
strings. The new Mark 220
has two channels for analog
S e recording, two for events.
Maximum sensitivity is one -
millivolt per chart division, ———— _~ o
buttherecorder is electrically wimiwan _/ |
protected from overloads as high as 500 volts. Pressur1 zed
writing puts smudge-proof traces into paper, and there’s
enough ink in the throwaway cartridge to last for about
e ™" 2 thousand miles. Less than $1700
will put you in business with this
fine instrument...and it’s light
enough to take anywhere. Call for
%8y | a demonstration of the remarkable
Mark 220 ... and if you wish to keep the unit we’ll
swap it for a P.O. number. Clevite Corporation, Brush
Instruments Div., 37th & Perkins, Cleveland, Ohio 44114.
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you get a choice,

Most complete line of high quality
tape wound cores available from
any manufacturer

Magnetics’ selection of tape wound
cores encompasses eight material
types, in a range of sizes from
0.050” to 12” inside diameter. For
frequencies from DC through 500
kc, materials are produced in
thicknesses ranging from V& mil
through 14 mils. All core sizes are
available boxed in phenolic or
plastic, aluminum or GVB- coated

aluminum. Magnesil*®, less
sensitive to external stresses, is
also available unboxed or epoxy
encapsulated.

In addition to offering this broad
range of tape wound cores,
Magnetics has improved its
production of raw materials, using
the most advanced testing devices
to control quality in metals,
winding, annealing, potting
compounds, boxing processes and
the application of encapsulating

materials. This across-the-board
contro! assures you of getting
what you pay for in performance.

If you have an application for tape
wound cores, why settle for an
approximation of your specifica-
tions? With Magnetics, you don’t
have to ““make do’'—you geta
choice, not a challenge. For further
information on our complete line
of tape wound cores, write for
Catalog TWC-300, Magnetics Inc.,
Butler, Pennsylvania 16001

' £ [
MAGNETICS inc.

ey -



THIS IS SIGMA'S
'NEW SOLID-STATE

ATACEL.

An opto-electronic
switching device that
provides input-output

circuit isolation.

Solid-state and opto-electronic switching bene-
fits are combined in low-cost Sigma Series 301
Datacels.

Electrically Isolated Input-Output Circuits:
Light-beam coupling to 1, 2 or 4 photocells pro-
vides isolation resistance on the order of 109
ohms and smooth turn-on, turn-off.

AC-DC Capability: Both input and output cir-
cuits can handle either AC or DC signals. Cell
loads may range from millivolt to 250-volt levels.

Application Versatility: Functions include high
isolation interface switching, logic switching
(and/or gate, inverter, latch circuits), audio
switching, multiplexing, data sampling, feedback
gain control, noiseless potentiometer.

Compact Construction: 1, 2 and 4 pole versions

all designed for high-density printed-circuit pack-
aging. Also socket conversion to solder terminal
mounting. In addition each unit visually indicates
its on-off state to aid system trouble-shooting.

We'd like to give you a new solid-state Sigma
Datacel —or any of our standard relays. It's the
best way we know to prove what we say about
Sigma performance. Just circle our reader serv-
ice number on the reader service card. We'll
send you the new Sigma catalog and a “free”
request form, Return the form to us and your
Sigma representative will see that you get the
sample you need.

Need fast delivery? Opto-electronic Datacels
are available off-the-shelf from your Sigma dis-
tributor. Call him today,

SIGMA DIVISION c- SIGMA INSTRUMENTS INC

W\~ Assured Reliability With Advanced Design / Braintree, Mass. 02185

Circle 154 on reader service card

Sigma Instruments (Canada) Ltd., P.O. Box 43, Toronto 18
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Carry +1x10 " absolute
accuracy in this portable primary
frequency standard/atomic clock

You never need to take the Hewlett-Packard 5061A
home for referencing to a primary frequency standard
_..because it is a primary atomic {requency standard.
The periodic referencing you have to do with crystal
oscillators and rubidium standards is not necessary.
Absolute accuracy of =1x10 " is ensured by a cesium
beam tube atomic resonator. In addition. you can change
time scales with convenient thumbwheel switches.
Options make it a compact self-contained atomic clock
with built-in standby power.

Option 01 for the 5061 A incorporates a built-in digital
divider and clock. The divider's | pulse per second out-
put is of excellent quality: <20 ns jitter. <50 ns risc
time. <! ps fall time, 10 V into 50€. A built-in digital
delay generator shifts pulse timing from | ;s to | s by
6 thumbwheel switch decades. Internal and external
timing pulses can be synchronized. when desired,
simply by pressing the “Auto Sync™ button.

Option 02 adds a built-in standby power supply with
conservative Y2 -hour battery capacity (I-hour typical)
for use if external line power fails or for transportation.
Recharging is automatic upon the return of line power.

Prices: 5061A Cesium Beam Frequency Standard,
$14.800; Option 01, $1500; Option 02, $600.

The 5061A accuracy specifications are backed up by
extensive data on HP cesium beam standards: (1) com-
parison against the U.S. Frequency Standard (USFS,
NBS-II and NBS-IIT) over a two-year span; (2) by
three annual “flying clock™ experiments in which HP
cesium standards were flown around the world and
compared to timekeeping standards of many nations:
and (3) by comparisons of more than 100 cesium beam
standards.

For complete information call your local HP field engi-
neer or writc Hewlett-Packard, Palo Alto, Calif. 94304,
Europe: 54 Route des Acacias. Geneva.

HEWLETT hp, PACKARD

FREQUENCY STANDARDS

Model 5061A Primary Standard with new built-in clock and standby battery options.

( i BOBIA CESIUM BEAN FREQUENTY RTANDARD
wReLETT o

saguARD
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CTS " ‘Cermet Pot

in Wirewound or Carbon Price Range

less
than

‘each

(in production
quantities)

Only CTS, high volume automated producers of cermet controls, offers a line of 34" dia.,
2-watt cermet potentiometers at prices you would expect to pay for industrial wirewound
or carbon pots.

Series 550 combines long life, low noise, high overload capability, high stability and
wide resistance range in compact construction that exceeds MIL-R-23285 (a tighter
cermet version of MIL-R-94). Single, dual and concentric constructions.

Compare these specifications
(linear taper)

Optional
Characteristics
(no more than

Standard 10c¢ extra
Characteristics per item)
Temperature Coefﬁcient-_ ) |
Resistance TC TC
ohms PPM PPM
409 to 1.35KQ —50 to +200 —0to +100
1.36K( to 2.9KQ —100 to 4300 —0 to +250
3K to 1.35 meg. —100 to +250 +100
1.36 meg. to 5 meg. =250 +150
ENR =2% +1%
) Rotational Life 50,000 cycles 100,000 cycles
Series 550 =5% AR +10% A R

2-watt 34" dia.

1 megohm or 1 megohm
to 5 megohms
Cermet Variable: Independent +5% | 3%
Resistor e ]

Resistance Range

50 ohms through

25 to 49 ohms

For help in your application, call on CTS, the world’s
largest producer of variable resistors.

"« Most models available through CTS distributors.

156
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Probing the News

Patents

Japan’s calculated risk

Hayakawa will try to run Texas Instruments’ patent blockade of key U.S. market
when it exports an IC-equipped calculator this fall; move could bring legal battle

By Charles L. Cohen

Tokyo bureau

Within weeks, Japan will try to
neutralize the basic patent on inte-
grated circuits held by Texas In-
struments Incorporated, which has
effectivelv, if informally. kept Jap-
anese 1c-equipped electronic goods
out of the U.S. As a test case, the
Ilavakawa Elecctric Co. will export
a desk-top calculator built with in-
tegrated control circuitrv made by
the Mitsubishi Electric Corp. Bar-
ring an unexpected agreement at
the ministerial trade conference in
Washington this week, Havakawa
could start shipping its calculators
by the end of this month.

The dispute between Japan and
Texas Instruments lias heen sim-
mering since 1964, when the coun-
trv’'s powerful Ministry of Trade
and Industry rejected the com-
panv’s bid to establish a wholly
owned manufacturing subsidiary
there. In addition, the government
has wrapped T11's applications for
Japunese patents on its semicon-
ductor achievements—particularly
bipolar techniques—in miles of red
tape, hoping that local firms would
have caught up technologically by
the time the patents were granted.
As a countermove, 11 has held off
on licensing any Japanese firms to
use its U.S. patented techniques.
The Japanese fear that selling 1c
cquipment in the U.S., without an
agreement with 11, might violate
the company’s basic patent.

Until now, »zimi has persuaded
firms under its jurisdiction to avoid
a direct confrontation with 11. The
Sony Corp. exported a pocket radio
with integrated clectronies  last
year, and then withdrew it.

Electronics | September 18, 1967

But time is running out. Most
Japanese clectronics firms have to
sell abroad, and the U.S. is their
biggest customer. Ilavakawa, for
example, expects to export 70% of
its new calculators to the U.S. and
Europe; the company aims to pro-
duce 1€ calculators at a rate of
5,000 a month by next spring.

l. Reluctant dragon

Hayakawa isn’t particularly keen
on its prospective test-case role.
The company simply wants to sell
its CS-32 export calculators, which
are similar to units introduced in
Japan last month.

There are, of course, enormous

risks involved in bucking Ti—not
the least of which is the possibility
that the U.S. firm will get a court
order to seize all imported 1c mer-
chandise at ports of entry.

But Hayakawa, Japan's leading
calculator company [Electronics,
Aug. 21, p. 189], won’t have to go
it alone in the U.S. The Japancse
government, with the ubiquitous
aaty, will back its play with cash
and political pressure, as will trade
groups and other electronics con-
cerns. As a matter of fact, the gov-
ermment has subsidized the devel-
opment of the electronic calculator
industry in Japan since 1964. Aid,
which will continue at least

For openers. Tadashi Sasaki heads Hayakawa division making IC calculators
that will be Japan’s first assault against Texas Instruments’ patent wall.
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Marshall spends
another
disappointing day
with Super-Mercury.

Marshall? He's the crankiest of the
Twelve Cranks on Pleasant Avenue. One
of the extra-picky grumps at Trygon
Power Supplies who feels good all over
only when he can pick something off our
production line and shriek, ‘“Hey! This
isno % #&@# good!”

So far, he's had problems with our
Super-Mercury series. Because there
haven’t been any problems.

The Super-Mercury is a brand new com-
petitively priced series, the new genera-
tion of the industry-accepted, field-proven
Trygon Mercury Series: fully program-
mable wide-range power supplies, power
and value packed, offering precision Con-
stant Voltage/Constant Current operation.
Precision performance (with up to 2000
watts output), in ranges up to 160 volts
and up to 100 amps. .005% regulation
and 0.015% stability are standard
(.005% stability optional) as is MIL Spec,
RFi-free performance. Total ripple and
noise less than Imv rms and 10MV P-P (to
10MHz). Master-slave tracking, auto-load
share paralleling and remote sensing and
programming are also standard with
Trygon’s patented tracking overvoltage
protection available,

Marshall and his friends check the
dozens of Super-Mercury features that
make this series a Super-buy for you.
Now it's your turn to check on them.
Order a Super-Mercury as a starter.

. el
)-l ! | ¥ F OO
- -

Trygon Power Supplies ;j
111 Pleasant Avenue, Roosevelt, L.I., N.Y, 11575

Trygon GmbH 8 Munchen 60, Haidelweg 20, Germany
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. . . trade talks are unlikely to provide
a solution to the Tl-Hayakawa problem ...

through 1969, now aims at mass
production and the use of 1C’s.

Waiting game. Hayakawa is
holding off a formal announcement
of its export plans to avoid embar-
rassing its government before the
trade talks between the U.S. and
Japan. It’s unlikely that the meet-
ings will provide any immediate
solution to the impasse. According
to a U.S. State Department source.
Cabinet members will confer with
their Japanese counterparts only on
broad topics and avoid specific ir-
ritants like the prospective ITava-
kawa-Texas Instruments hassle.
However, a Commerce Department
spokesman says that while the pat-
ent dispute is not on the agenda,
the positions of all interested par-
ties could be discussed.

11. Paper tiger?

In taking up the cudgels, Hava-
kawa has the strong support of
aaTL. a sort of superagency that
regulates just about every aspect
of Japan’s economic, commercial,
and technological life while setting
the ground rules for foreign invest-
ment. The trade ministry is openly
anxious to see TI's response to cx-
ports to the States of equipment
with component 1c’s. Calculators
in gencral and Hayakawa’s latest
offering in particular offer an im-
mediate and potentially advan-
tageous opportunity to confirm
some observers’ opinion that Trs
bark is worse than its bite.

Deferment, Consumer goods af-
ford a less conclusive testing
ground than business machines.
Purchasers don’t insist on 1c’s and
manufacturers have still to be sold
on such devices. An executive at
the Matsushita Electric Corp. savs
divisional managers want high re-
liability, small size, and low cost
in components. Integrated circuitry
now satisfies only the first two re-
quirements. Japanese managers arc
sometimes willing to put perhaps
one I1c package into a television set
even though costs may run as
much as 10% higher than those
of the replaced components. They
figure that prices should go down
in the long run and that 1C’s pro-
vide an opportunity for some ad-

vertising mileage. However, if any
problems crop up, conventional cir-
cuitry immediately gets the nod.

Japanese computer makers aren’t
ready to jump into the U.S. market
at all, let alone with 1€ equipment.
They have their hands full produc-
ing third-generation machines for
their domestic market. The indus-
try has exported a few units to
countries new to the computer on
the chance that Japanese machines
might be made the future standard.
But the larger and more mature
U.S. market offers no such oppor-
tunity. In addition, imports of com-
puters and related items require
government approval because the
Japanese industry is still weak. If
the countrv were to mount even
a token export effort in the US,
thev would be hard put to justify
their own restrictions.

I1l. Competitive edge

However, U.S. demand for elec-
tronic calculators is beginning to
boom [Electronics, March 6, p.
217]. and Hayakawa wants to get
into the market while the getting’s
good. \lorcover, integrated cir-
cuitry can be emploved to advan-
tage in calculators, and customers
are vitally interested in such equip-
ment.

Manufacturers have about the
same operational goals and work
from essentially the same block di-
agrams. Thus, those skillful enough

The fittest

One observer speculates that nat-
ural selection may have had some-
thing to do with the emergence of
the IHavakawa Electric Co. as Ja-
pan’s first champion in the impend-
ing brawl over integrated-circuit
patent rights. Certainly. he says.
the companvy has the required
nerve. Iavakawa is now export-
ing caleulators incorporating Nixie-
like tubes to the U.S. despite the
fact that it has made no royalty
arrangements with the Burroughs
Corp. Tronically, Hayakawa is one
of the Japanese firms approached
by Burroughs representatives seek-
ing to buy calculators for resale
in the U.S.
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to come up with special 1Cs that
save on the package count and cut
costs find themselves with a best-
selling item.

Short count. The 16-digit cal-
culator Havakawa intends to ex-
port contains only 22 hipolar inte+
grated control circuits paired with
ferrite-core registers. The 1c pack-
ages are the identical quadruple
dual - input, transistor - transistor -
logic gates used in the memory
register of an carlier 14-digit ver-
sion [Electronics, Feb. 20. p. 295].

In view of the small number of
ic’s in ITayakawa’s machine. which
also has 1.200 diodes and 300 tran-
sistors, some observers feel the
company would bhe better off buy-
ing standard hipolar devices from
11 and other U.S. sources. American
firms have been hawking  their
wares in Japan lately on the prom-
ise that products using them could
be exported to the U.S. with no
fuss.

But Mitsubishi modifies the cir-
cnits it supplies TTayakawa to pro-
vide hetter noise immunity—a fea-
ture which makes the devices easier
to use. Mitsubishi also sells its i1C’s
for slightly less than U.S. firms and.
of course, is immediately available
for consultation should any prob-
lems arise. Finally, and perhaps
most important. Havakawa is not
about to give up the technical edge
it thinks it has because of its vir-
tually proprietary devices.

If Havakawa thought the CS-32
was an ultimate product. it might
readily settle for U.S. devices. But
in a vear or so when the price of
hipolar 1c’s comes down further.
Hayakawa will switch to a com-
pletely new calculator in which
custom circuitry may well prove
competitively decisive. Next month.,
the company will introduce a
smaller machine using metal oxide
semiconductor 1c’s. There are no
standard devices for such a prod-
uct, and ITavakawa worked very
closelv with its supplier to develop
the circuits. It would be difficult.
if not impossible. for the company
to work with overseas sources to
develop a complete family of new
circuits. Either Hayakawa uses Jap-
anese semiconductors or it loses
much of its design freedom.

1V. Twain meets

Further confusing the issue is
the mixed motivation of all the
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Compare the All-New PAMOTOR
Model 4500 with the miniature
_axial fan you're now using!

POWERFUL MOTOR
Dependable shad-
ed-pole motor
operates with low
internal heat rise.
Efficient inside-
out design.

y-

EXCLUSIVE BROACHED BEARING SYSTEM
Hand-fjfted proven broached dual-sleeve
bearing system /assures longer, more
reliapte operation:

COMPACT SIZE

Only 41'%"" x
4ll/lsll x 11/211-
Weighs just 1%
Ibs. Inter-
changeable with
similar, less reli-
able 414" fans.

ALL-METAL CONSTRUCTION

_Precision die cast housing, hub, impellers.-

Corrosion resistant. Natural heat sink.
Warp-free, unlike conventional plastic fans.

- *Speech Interference Level
52 o %0 - - —
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o o 26 40 60 80 100 120 3 315 €3 1256 250 500 1000 2000 4000 BOOO

AIR VOLUME (CFM)

MIDFREQUENCIES OF INTERNATIONAL OCTAVE BANDS
IN CYCLES PER SECOND [C/S]

® Lubrication-free life in excess of 20,000 operational
hours, continuous duty at 55° C.

@ Delivers more air at a lower noise level, yet priced
under similar conventional plastic fans.

o Model 4500 designed for 117V/50-60 Hz operation,
while Model 4550 fan operates at 230 V/50-60 Hz.

o Immediate delivery through distrib-
utors or from factory stock.

o Has Underwriters’ Laboratories Inc.
Yellow Card Component Recogni-

tion Number E41168.

Write to: ﬁ“ |

»

An

TPCI01R2

=
W

| OR 7 INC.

Circle 159 on reader service card

ONLY
$Q 55

EACH
in lots of 100

312 Seventh Street, San Francisco, Ca. 94103.
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Cinch
Creative
Problem

conbact

— This unusual, highly complex contact design provides
the necessary balance between contact pressure and
insertion force required by a unique PC edge connector
application. Its complexity made economical production

r— doubtful . . . then Cinch tool design engineers tackled
the problem.

RESULT: An 18 station, high speed progressive die
that holds contact tolerance to = 0.003” through eleven
bends in four directions. Individual sections of the die

- can be adjusted or replaced without removing the die
from the press—thus assuring maintenance of tolerances
as the die wears.

The die produces over 4,500 contacts per hour from

special controlled grain structure metal stock.
di Here is another demonstration of the extra dimension

in Cinch’s engineering and developmental skills. Beyond
the ability to design fine products, we offer in-depth
production engineering capabilities, including tool, die,
mold and equipment design and fabrication.

MEMBER c l N c H
P T

THE CINCH
ELECTRONICS
DIVISION OF UNITED-CARR

GROUP!
* CONSISTING OF CINCH MANUFACTURING COMPANY. CINCH-GRAPH!IK, CINCH-MONADNOCK, CINCH-NULINE. UCINITE ELECTRONICS AND PLAXIAL CABLE DEPT.



<
4

Our skills and services are available
to you. For Cinch creative problem
solving assistance contact Cinch
Manufacturing Company,
1501 Morse Avenue, Elk Grove
Village, lllinois 60007,

Circle 161 on reader service card

parties involved in the dispute.
Clearly, arTr is intent on advanc-
ing Japan’s international trade in-
terests. At the same time, however,
the agency is anxious to delay Tr's
local debut until such time as do-
mestic electronic firms have devel-
oped a competitive 1¢ capacity. To
these ends, the trade ministry has
buried T1's application for Japanese
1Ic patents in so much bureaucracy
that they may not be granted for
five vears, and has consistently re-
buffed the company’s request to
establish a wholly owned subsid-
iary in Japan.

Back at the ranch. Despite the
liberalized policies that went into
effect this summer, the best terms
the U.S. company can get at this
point are a 30% joint ownership
with Japanese interests. Moreover.
11 would have to share its technical
knowhow with competitors and
limit production until Japanese
firms could compete.

An executive at the Nippon Elec-
tric Co. believes that the biggest
reason for keeping T1 at bay for
the time heing is the prospect that,
once in, the company might go on
a price-cutting spree. This would
stint Japanese growth in the 1c
ficld. authorities fecl. and even-
tually make the local computer in-
dustry dependent upon U.S. de-
vices. In addition, if the trade
ministry were to make an cxception
in the case of Texas Instruments,
it would be hard put to rationalize
its aradual liberalization of foreign
investment in other sectors of the
economy.

Inscrutable Texans. For its own
part. 11 ohviously wants a piece of
what promises to be a lush 1c mar-
ket in Japan. But according to one
American authority who has closely
followed the companv’s war of
nerves with Japan, there is consid-
erably more to the situation. “The
management down there is just too
conservative to give up any control.
much less go for a joint venture.”
savs this source. “And it’s no acci-
dent Tr didn’t follow aggressive out-
fits like Fairchild into Taiwan. Ko-
rea. and Okinawa. These Texans
know Japan’s still going to be there
in 50 vears. But they want in onlvy
on their own terms.”

Though Texas Instruments stub-
bornly refuses to spell out its posi-
tion. the company has dragged its
feet in licensing negotiations with

$1.000,000
INVENTORY

OF ELEGTRONIG
[2)]

EQUIPMFNT

R

Name brand test equipment
fully calibrated with certifi-
cate of traceability if desired.
Maintenance provided and all
equipment is insured against
fire, theft and damage in ship-
ment. O Short term rentals our
specialty but yearly rental available. Fast
delivery. Wide variety and depth. O If you
need equipment NOW, call Jim Powers
or Frank Cassidy at (301) 424-2333. If
you want a copy of our rental list or more
information write:

RENTAL ELECTRONICS, INC.

16203 FREDERICK ROAD
ROCKVILLE, MARYLAND 20850
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FIRST—SET POLARITY
If necessary . ..the arrow tells you!

THEN—SET RANGE

Decimal point lights automatically

Supervising test operations on a busy production line is
rarely a happy job. Too much goes wrong, too often.
Cockeyed readings. Instruments that lie. Instruments that
shuttle continually from the repair shop to the calibration
lab. New testers who take weeks to train, and stil// can't
get it right. Gr-r-r! But wait—we're about to show him
a Biddle MENTOR™ Logic-Assisted Potentiometer, the
world’s first and only decision-free, error-prohibiting,
absolutely fool-proof differential voltmeter.

We're going to borrow his slowest, sloppiest tester . . .
and make her look like a genius. All we'll say is: “Follow
the arrows, and do what they say,” Which arrow? Simple—
only one lights at a time!

If necessary . . . just follow the arrow.

THEN—BALANCE DIGITS

Arrows show you how, digit by digit,
up or down.

READ OUT RESULT

Only properly balanced digits will ligh
Typical balancing time, 6-7 second

After two minutes or less, she'll be taking perfect 5-
digit, 100PPM voltage readings in 6-7 seconds . . . on
an instrument that needs calibration only once a year,
like its 6-digit elders in our precision line,

When he sees that she can’t goof; that a wrong reading
won't even light up; that if she goes astray, an arrow
guides her back . . . he's going to smile.

Biddle MENTOR instruments will restore your faith in
the human eye, hand, and brain . . . save you thousands
of dollars per test position per year . . . and return “con-
fidence,” “speed” and “efficiency” to your production-test
vocabulary. Call or write for literature . . . or for a com-
pletely convincing demonstration.

‘‘MENTOR'" is a trademark of the James G, Biddle Co. for certain of its electronic instruments, for which patent applications have been made.

MEi\!ng |
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JAMES G. BIDDLE CO. / PLYMOUTH MEETING, PENNSYLVANIA 19462
(Area Code 215) 646-9200
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Japanese firms. In fact, these com-
panies say TI ignores or sidesteps
all their inquiries. Mitsubishi, com-
plains that it has yet to receive a
reply on a long-standing offer to
hammer out a royalty arrangement.

Skirmishing. By the same token,
there have been no formal com-
plaints, or threats, against Japanese
firms using IC’s in the wares they
sell at home. On balance, Tr's men-
ace seems more implied than sub-
stantive. Last fall, for example. the
Sony Corp. put a pocket 1c radio
on the U.S. market [Electronics,
Oct. 17, 1966 p. 222]. Shortly after-
ward, the company’s American dis-
tribution arm began getting phone
calls from 11 After the second,
Sony sought advice from the New
York office of the Electronic Indus-
tries Association of Japan. The
company was told to ask TI to put
its complaints in writing. There
were two more calls but no letter.

Confusion factor. Subsequently,
miTI told Japanese manufacturers
to hold off on 1c-equipped exports
until the patent situation was un-
snarled. Fairchild Camera & In-
strument Corp. holds an uncon-
tested Japanese patent on the
planar process. The company and
11 have a cross-licensing arrange-
ment covering ICs but the pact
specifically excludes Japan. How-
ever, a Fairchild license gives
planar rights to the Nippon Elec-
tric Co., which, with government
approval, has made sublicensing
agreements.

Sony and Matsushita are the
only outfits that haven’t made their
peace with Nippon Electric and
Fairchild. Sony maintains that its
devices don’t infringe on the pat-
ent; it appears, however, to be
having second thoughts on this at
the moment. Matsushita is deposit-
ing amounts equal to potential
rovalties in a bank account but
hopes to avoid a real outlay on the
strength of its cross-licensing agree-
ment with NV Philips, the giant
Dutch concern. The terms of this
accord specify technical assistance
from Philips, including patents and
licenses. Matsushita has been able
to avoid paving rovalties to the
Radio Corp. of America for semi-
conductor devices because of a
blanket cross-licensing arrangement
between nca and Philips. Mean-
while, Matsushita is going about its
business as if there were no out-
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On another front

$12 million.

Hayakawa’s 1c calculator isn’t the only bone of contention between
American and Japanese interests. This summer, the U.S. Customs Bureau
won a five-year-old court case centering on the import duties for
Japanese receiving tubes. At issue was the U.S. Government’s refusal
to accept the posted invoice value; authorities insisted—successfully,
as it turned out—on basing imposts on what they considered the freely
offered wholesale price in Japan. Now. American original-equipment
manufacturers and other importers have a potential liability exceeding

The Government chose the price of tubes sold for replacement
purposes at Akihabara, a crowded Tokyo neighborhood of electronic
and electric appliance dealers comparable to New York City’s bygone
Cortlandt Street. The Japanese electronics industry would consider
the successful Customs action ludicrous if the long-range implications
weren’t so injurious. Local observers contend that using replacement
component prices as indexes for original-equipment quotations is prob-
ably not valid anywhere; this is particularly true in Japan, where it
isn’t considered especially ethical for those in service industries to
charge high rates for their labor, and radio repairmen make much of
their profits selling replacement tubes. Thus, the prices are kept arti-
ficially high in Japan. Over the long run, observers fear, the recent
ruling may be successfully applied to color picture tubes for television
sets and other electronic components.

standing problems.

Now that the planar-process
problem is all but cleared up, MITI
is ready to lift its export ban on 1c
goods and test TU's will. Japanese
firms desperately need U.S. sales
to justify their vast investment in
the production of 1c-equipped
goods. Mitsubishi, for example, has
already spent $2.8 million at its
main semiconductor plant near
Osaka and on a satellite facility
where it flics chips for bonding.

V. Day of reckening

The company’s outlays for 1c pro-
duction will eventually top $14 mil-
lion. Production is now about 80,-
000 to 90,000 1c packages a month,
but Mitsubishi hopes to up the
rate to 500,000 by year end. How-
ever, some 80% of its output is
necessarily for export goods.

Lone arranger. Texas Instru-
ments could hardly let Havakawa’s
incursion go unchallenged since
other Japanese firms are waiting
anxiously in the wings; they figure
to follow fast if a beachhead is es-
tablished. But just what form of
action T1 might take is still unclear.

Depending on TI's stance in a
direct legal confrontation, Japanese
interests might opt for any of a
number of countergambits. It might
be possible, suggests a knowledge-
able American source with a stake
in the outcome, to attack Tr's basic
patent position. “What's so big a

deal about fabricating metal plates
with photographic techniques?” he
says. Along these lines, some Jap-
anese observers contend that Haya-
kawa’s mos calculator might have
provided a better basis for a strong
test case; they feel that Tr's position
in this area is more vulnerable than
in bipolar 1c’s. But, warns a Nippon
Electric official, patent litigation is
a perilous proposition. Nothing is
sure until the ruling is made.

Logical contender. On balance,
however, the Japanese believe Hay-
akawa’s CS-32 calculator will give a
good account of itself. The machine
incorporates IC’s, but isn’t merely
a collection of such devices, they
reason. Thus, T1 might be open to
antitrust charges of barring the
product of other technologies on
the basis of only one patent. More-
over, aTI believes 11 would also
risk a restraint-of-trade action in
the U.S. should it refuse to license
its bipolar patents now the Fair-
child’s planar process has been of-
fered around.

An official with the electronics
section of MITI notes that a lot of
big U.S. firms, including Motorola
Inc., the International Business
Machines Corp., and the Signetics
Corp., a subsidiary of the Corning
Glass Works, have been peddling
ic’s in the U.S. without 1r’s bless-
ings. There is, he says, no clear-cut
evidence that Japanese outfits
could not do likewise.
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500 VDC or
14 KVDC CRT
Power with

0.1% Max.
Regulation!

Typical CAPITRON® CRT regulated high voitage
supply. Other sizes available.

Outstanding performance from a dual output
supply. Modularized solid state circuitry for
efficient, continuous operation in a minimum
of space. Rugged construction meets mili-
tary vibration, shock, and altitude tests.

Specifications in brief: Input — —18 VDC
+1%; Output 1 — +14 KVDC, 400 ua,
0.1% max. pk-pk ripple; +0.1% regulation
0 to full load; Output 2 — 500 VDC, 1.0
ma, .05% max. pk-pk rippie; +0.1% regu-
lation O to full load; Size — 7" x 5" x 4”;
Weight — 8 Ibs.

AMP's CAPITRON Division is a leading pro-
ducer of custom-engineered high voltage
and low voltage power supplies, airborne
radar systems and components, and high
voltage lead assemblies and wafer capa-
citors.

For more information, write to:

AMP

INCORPORATED

CAPITRON DIVISION

155 Park St., Elizabethtown, Pa. 17022
TWX: 717-330-4560 Phone: 717-367-1105
CAPITRON products and engineering assist-
ance are available in Canada through
Aircraft-Marine Products Ltd., Ontario,
Canada

*Trademark of AMP Incorporated
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Standards

Radiation issue heats up

Congress moves to grant Federal powers to set standards
for emissions from electronic goods; law likely by 1968

With Federal standards for the
control of radiation emission from
electronic products almost a cer-
tainty, all that remains to be an-
swered is when and in what form.

In the wake of the confusion
following the disclosure that the
General Electric Co. had built 90,-
000 or so large-screen color-tele-
vision receivers emitting excessive
radiation [Electronics, May 29, p.
32]. Congress has come up with
two bills. held hearings last month,
and scheduled additional sessions
this month. With the exception of
a few outspoken dissenters, the
electronics industry’s on-the-record
response to Capitol Hill activity can
best be described as phlegmatic.

“How can we say we're against
the legislation?” asks one Wash-
ington-based observer. “It would
be like damning motherhood.”

At the moment, no one knows
quite what to expect, but the in-

i
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dustry is hoping for the best. All
that is known for sure, is that the
Department of Health, Education,
and Welfare will be given sweep-
ing regulatory powers over a big
segment of the electronics industry.

Legislation. Rep. Paul Rogers
(D.. Fla.), who with Rep. John
Jarman (D., Okla.) coauthored the
House bill, is pushing hard to have
the measure passed before the end
of the present session. Rogers is
hopeful hearings will be held be-
fore the full House Commerce
Committee within a week or so.
His sponsorship of the legislation
stems, in part, from the runaround
he feels he got from the Public
Health Service last October. At that
time. Rogers was told that there
was no evidence of cxcessive radia-
tion in the GE sets.

Despite the rush in the House,
Sen. F.L. Bartlett (D., Alaska),
who has submitted an almost iden-
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tical bill in the Senate, wants to
continue his investigation into next
session, Ile has already indicated
that there might be more hearings
then. Most observers feel that even
if the Rogers bill goes through the
House this session, it won’t clear
the Senate; the measure has to go
through Bartlett's commerce sub-
committee.

l. New deal

The broad outlines of how nmeEw
regulations for the electronics in-
dustry will operate are already vis-
ible. Responsibility for setting radi-
ation standards will most likely bhe
handed to the Public Health Serv-
ice's National Center for Radio-
logical Health. According to James
G. Terrill Jr., director of the center,
“We [the center] would do most of
it ourselves, farm some of it out to
other Government agencies. and
probably award contracts for cer-
tain studics to uniyersities.”

Most wanted. Topping Terrill’s
list of priorities is the establish-
ment of color-tv standards. Other
potentially  dangerous radiation
sources cited by Terrill include:
magnetrons; klvstrons; regulator
tubes; thyratrons; display devices;
electron linear accelerators; ama-
teur electronic apparatus; elec-
tronic toys; microwave ovens; ultra-
high-frequency radar and tv trans-
mitters; infrared lamps and grills;
ultraviolet equipment; lasers; and
ultrasonic gear.

Do-it-yourself. Concerning  tv
standards, Terrill savs: “With 10
to 20 large companies putting out
20 to 30 models a vear, we cer-
tainlv cannot monitor every set nor
every replacement tube going to
the 100,000 outlets throughout the
country. My idea is to get manu-
factwrers together on these stand-
ards and have them do their own
checking. In the long run it costs
less for firms to check themselves.”

Terrill, whose center has come
in for criticism because of its less
than instantancous response in the
GE case, admits to some sins of
omission: “If vou’d asked me six
months ago if ¢E was testing. I’d
have guessed that it was. We just
assumed that testing was going on.
We've learned a lesson. however.
Now we know that manufacturers
have been putting tubes in sets
and, if the sets work, they deliver.”

Most  electronics  companies
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Find the—

Two-Stage

Multi-Octave
Compact YIG Filter

Th bulk of the four forms dominating this ar-

rangement suggests the dimensions of
conventional tuning heads required to cover the
1 — 12.4 GHz tuning range in ultra-sensitive micro-
wave receivers. Now take a closer ook and find the
nestled WJ-623, the new compact two-stage multi-
octave YIQG filter that eliminates the need for large
plug-in tuning units!

The WJ-623 is as small as they come —2 inches
cubed and weighing only 32 ounces. [t performs
reliably over the 2— 12 GHz tuning range. In fact,
it boasts an unusual combination of virtues to be
so young and small: high thermal stability, high
reliability, long life, ruggedness, low tuning power
(less than 3 watts). A self-shielding magnetic circuit
built into the filter structure makes much of this
possible.

{(We’re sparing you the lecture about major savings
in size, weight and cost!)

WATKINS O JOHNSON

3333 HILLVIEW AVENUE

STANFORD INDUSTRIAL PARK
PALQ ALTO, CALIFORNIA 94304
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THERMAL AMERICAN
FUSED QUARTZ cO.

RT. 202 & CHANGE BRIDGE RD.
MONTVILLE, NEW JERSEY

ZIP CODE 07045
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| Timetable for trouble

June 1966:

Oct. 5:

Nov. 7:

Jan. 1967:

The General Electric Co. begins production of color-
television receivers emitting excessive X ravs from shunt
regulator tubes.

Rep. Paul G. Rogers (D.. Fla.) requests Department of
Health Education and Welfare to report to him on dangers
of radiation in color-tv sets.

The acting Surgeon General tells Rogers that evidence
suggests industry and the National Coimncil on Radiation
Protection and Measurements have studied the problem
and kept radiation below the harmful level,

A regional representative of the National Center for
Radiological Health is advised by the New York State
Department of Labor that a possible radiation problem
exists in GE sets.

General Electric informs Jumes Terrill. xcru's director,
that receivers with possibly hazardous tubes have been

At Terrill’s request, GE makes a presentation to ~Ncnn

The New York Times asks GE for a statement about
excessive radiation. GE issues a press release admitting
some sets have excessive N-ray emissions. Terrill savs
there is no evidence to the effect that ce or other tv

State health officers are asked by ~cru to assist in hunt
for ce sets. Terrill reports that Ge sets have exceeded

The Surgeon General issues a statement telling owners

April 10:

sold,
May 11:

on the problem.
May 18:

sets have “‘excessively exposed viewers.”
June 8:

recommended radiation limits.
July 21:

of uncorrected sets to disconnect them.
Sept. 7:

GE reports about 1,400 suspect sets and 6.400 replace-
ment tubes still uncorrected.

are shirking their responsihilities in
controlling radiation hazards, savs
Terrill. “With all the money that
is going into electronics and so lit-
tle going into this problem, we are
heading for trouble” Terrill be-
lieves that part of the solution will
have to come from industry. “I
don't believe that most safetv of-
ficers think in terms of radiation
danger because they must worry
about immediate things like elec-
trical shock,” he says. “The elec-
tronics industry must develop a
new group of technicians—the
equivalent of the atomic industry’s
health-physicists, who know the
biological dangers of radiation.”

1. Mouthpieces

When the ce affair surfaced, tv
makers quickly retained E. William
Henry, former chairman of the
Federal Communications Commis-
sion and now a Washington attor-
ney, to represent their interests.
Most of thase manufacturers are
members of the Electronic Indus-
tries Association. Two mnonmem-
bers—Admiral Corp. and Zenith
Radio Corp.—also anted up.

Still small voice. The 11 has vet
to appear at any hearings. James

D. Secrest. executive vice president
of the association. attributes the
no-show to timing, explaining that
it takes a long while to set an E1a
policy for such things because of
the various committees that must
be cleared. “lowever, at a later
date, we may testify,” he says.

Secrest claims the industry has
always been aware of radiation-
protection needs. but that the ¢E
case and the ensuing publicity
“probably made the field more
alert to the problem.” He doubts
standards will greatly affect the in-
dustry. “assuming that thev are
reasonable.”

Henry agrees: “Industry feels
that the Government agency that
will eventually handle the matter
will be reasonable and we feel
we’ll be able to cooperate.” He
points out that industry has no
argument with the Government’s
interest. “Obviously, it’s a matter
for Government concern,” he says.

I11. Measuring sticks

Until recently, tv makers had a
decidedly mixed bag of radiation
standards to follow. According to

Henry. the industry has been ad-
hering to the Underwriters Lab-
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HARRISON 6281A DC POWER SUPPLY
(I‘ﬂ] HEWLETT « PACKARD 0~18v 0-%A

@ 2

LINE vOLYAGE  AIEET CURRENT

-4 GND —

©00

Multiple Range Meter provides increased resolution.and accuracy at low output

e ouTPUT SIZE® | MODEL |PRICE |
02.5v,03A 32 HxHRW | 62038 | $169 | A four-position meter range switch sets the full scale voltmeter and
0-7.5Y,0-5A 3% HXHRW | 6281A 210 | : ° o ;
e T R T T am.meter VOlUt'ES at either 100% or 19/0 of‘ the' nominal output
0-20V 0-.6A/0-40V,0-.3 = ! rating (approximately). Meter and associated circuitry are foolproof
A TEACE 3 HUHRW | 62048 | 148 | 4 2
EWIN 0.20V 0-6A/0-40V 0. 9 - | — no danger of burnout for any DC output combined with any
f 32 "HXHRW | 6205B | 235%
= M'L"v'%f?f“ U 3v: HxHRW | 62018 | 169 | preten taoRge-
20V,0-1,54 . 3Ya"Hx _ - .
o-zl;)l}:‘t-lﬁsﬁ/&wv,o.,7u NS iiew | Tezoon | 168 ; Chart lists 27 low and medium power models from LAB, MPB, and
JUAL RANGE o = oele H — H i -
e Tio maiRW | 628A | 210 DPR series all have multiple ran.ge meters at no e'xtra pmfe'
frwin_ 0-20v,0-3A e HxFRW | 6253A | M5 | all are recently updated or added instruments featuring all-silicon
0-20v,0-5A SYa"HXHRW | 6285A | 350 | - N : ) : ; 1%
e S| oA | 35 CI'TCUI"Y. Typical specs include: Regulation, Load or Line, 0.01%;
_0-24V,0-3A 614 MXiaRW | 62248 | 325 Ripple, 200 nY Constant Voltage, 500 pA Constant Current; Tran-
028V 0-INETVO0SA | pyaarw | 62208 | 250 | sient Recovery Time less than 50 microseconds. All units are
| 040v,0-75A 31, HXHRW | 62028 | 169 designed for both bench and rack use.
0-30V,0-1A/0-60V,0-58 | 53
DUAL RANGE " | vaHRHRW | G206B | 169
s g.:g:lg::: + g”‘":'::: 4 :g::: - ::: t Front and Rear Output Terminals ® No Overshoot on Turn-On, Turn-Off, or Power Removal
040V 0-3A 5:’2,,“:““' [ “6200A | 350 Constant Voltage/Constant Current Operation with Automatic Cross, , Except C t Voltage/
[ ’G‘OV‘G};" 5,'/‘..'“““, | 6291A 395 Current Limiting on Some Dual Range Models ® Remote Programming @ Remote Error Sensing
0-50V,0-1,5A _6Ya"HxyaRW | 62268 %25 i, Special High Speed Programming Circuitry on Models 62008, 62018, 62028, and 62038
0-60V,0-14 33" HxHRW 6204A_| 210 | Avuto-Series, Auto-Parallel, and Auto-Tracking Operation @ Floating Output, Ground Either Side
ﬁ'\”lN 0-60V,0-1A 3" HxFRW 6257A | M5 | Full Output Rating to 50°C @ Convection Cooling, No Moving Parts
0-60V.0-3A_ | SMa"HXHRW | 6296A | 395 | Options Include Overvoltage Protection “/Crowbar’ and 10-Turn Front Panel Output Controla
__0-100V,0-.75A [3va"HXHRW | 6209A | 225
TWIN 0-100¥,0-,75A _ | 3% "HxFRW | 6258A | 445 Contact your nearest Hewlett-Packard Sales Office for full specifications.
0-160,0-2A 315"MxMRW | 62078 | 194 |
0-320v,0- JA 35"HXHRW | 62098 | 194 |

*HRW = half rack width, FRW = full rack width
tAlso available with standard meters @ $195

HEWLETT hp PACKARD
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J

POWER SUPPLIES

100 Locust Ave., Berkeley Heights, New Jersey 07922 area cooe 201 464-1234 rwx 201-464-2117 HOS B
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Any way you figure it...

you can count on Beckman EiD.

We back this claim with a new line
of modular counting instruments
that can take the measure

of any man'’s business.

For the first time, you can tailor your cost of a
frequency-and-time measuring system to suit your
desired function and frequency. These new all-
integrated circuit counters employ a unique duo-
module technique-utilize dual sets of interchange-
able, plug-in modules you specify and use as your
needs dictate. You change the single- or dual-
channel input module to change frequency range
(OHz - 20MHz single; OHz — 200MHz dual). You
change the function module to change measure-
ment criteria. Three basic models offer choice of 6-,
7- or 8-digit display with an optional 9th.

This new two-module concept lets you buy for today’s
need, expand for tomorrow's. Any way you figure it, ry
EiD’s up front with what counts. To button
down the details, contact your local EiD
Sales Representative...or write

direct to our nearest regional

office, listed at right.

EiD more than
measures up.

Beckman

INSTRUMENTS, INC.

ELECTRONIC INSTRUMENTS
DIVISION
2400 Harbor Blvd., Fullerton, Calif. 92634,
(213) 691-0841

7360 N. Lincoln Ave. Lincolnwood, Iil.
60646. (312) 583-1020

12051 Tech Rd., Montgomery Ind. Park,
Silver Spring, Md. 20904, (301) 622-2500

International Subsidiaries: Geneva;
Munich; Glenrothes, Scotland; Tokyo; Paris;
Capetown; London; Mexico City

! R
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.. . Congress should check radiation data
that's already available says Raytheon . ..

oratories requirements of 2.5 milli-
roentgens of emission per hour at
5 centimeters from any surface of
a receiver, But, in testimony be-
fore the House subcommittee, he
said the industry has also recog-
nized as an appropriate guideline
the recommendations of the non-
profit National Council on Radia-
tion Protection and Measurements:
0.5 mr per hour at 5 ¢m. Effective
Sept. 1. however, Underwriters
Labs changed its tolerances to the
0.5 level

Such wide disparities led a
spokesman for the Admiral Corp.
to say: “The big thing which the
industry is looking to the Govern-
ment for is an agreement on stand-
ards for radiation. We need a
guideline. a place to begin and
end. This thing is pretty wide open
right now, and while it has made
all of us more aware. there’s noth-
ing we can do until we have more
specific information as to what is
expected of us.”

For the record. Confusion
abounds. some observers  fear,
about just what’s at issuc. The
Ravtheon Co., which muakes a
varietv  of  radiation-producing
items including X-ray tubes. mag-
netrons. and microwave ovens. cau-
tions lawmakers against going over
old ground. In preparing a single
codifving document, savs Charles
H. Resnick, Raytheon’s general
counsel, “it would be our hope that
Congress would take full advan-
tage of the massive investigative
work that has already heen done.”

Contradicting some assertions
that “nothing has been done” to
determine the potential hazards of
microwave emissions, Ravtheon
satety  director  George Luedke
points out that the Air Force in
the late 1930°s conducted a five-
vear. $13-million tri-service study
of the biological effects of micro-
wave radiation, particularly around
large radars. There were three
basic findings, says Luedke: that
the biological cffects are thermal
only; that thev are noncumulative;
and that man has a built-in alarm
system and  pain  threshold that
protects him.

The problem of ionization, or X
radiation, is another story, says
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Luedke. X rays are cumulative and
have penctrating and lasting of-
fects.  Massachusetts, he  points
out, has pioncered in drafting
safety measures in guarding against
harmful X radiation. State laws re-
quire badges to be worn wherever
X ravs are used.

1IV. A little knowledge

Terrill - believes  the  military
should be consulted on radiation
standards because of its experi-
ence in this area. But he, too. be-
licves not enough is known about
the biological effects of radiation.
Savs Terrill: “The military only
wants to know lhow much radiation
a man can take before he is no
longer fit for combat.”

Lauriston S. Tavlor, president of
the National Council on Radiation
Protection and  Measurements
which sets some radiation stand-
ards for industry but is financed by
Government grants, urges that there
be no “approach by fear” to the
setting of standards. e backs the
Bartlett bill, but cautions against
standards based on inadequate re-
search.

At the bottom. Testifving about
GE's cxperience before Bartlett’s
subcommittee, James I, Young,
vice president for engineering serv-
ices, said: “The regulator tubes
used were no different than regu-
lator tubes that we have made for
many vears and used in carlier sets,
or that other manufacturers have
made and used in their sets. The
error was in the shielding. This was
the defect. The tubes themselves

Overseer James G. Terrill directs
the Public Health Service unit that will
set radiation standards for electronics.

were not defective.”

Before the problem was discov-
cred, e tested tv sets for danger-
ous radiation emissions on only
five sides, but not the bottom of the
set. Now they check the bottom,
since that’s where the leakage was
coming from.

At the Radio Corp. of America, a
spokesman says, “I don’t think we
need to be concerned about the
prospect  of legislated radiation
standards. What really matters is
how the law is worded. If the
Rogers bill is passed as is, it will
prevent substandard imports from
getting into the countryv and will
angment research on the short-
and long-term biological effects of
radiation.”

Gamesmanship. Officials at Pack-
ard-Bell  Electronies Corp.  have
sent a letter to distributors and
dealers handling the firm’s line of
color and black-and-white tv re-
ceivers informing them that the
design of the company’s sets dif-
fers from that of the cE sets that
started the consnmer and Congres-
sional furor. The letter also states
that Packard-Bell sets meet the
recommended  standards of both
Underwriters Laboratories and the
National Council on Radiation Pro-
tection Measurements.

V. Change in the scene

Leonard ITorn, engineer-nucle-
onics at Underwriters Labs savs:
“We never see much of the equip-
ment to be covered by the bill since
we concentrate on consumer goods
like tv sets, radios, phonographs,
X-ray equipment, diathermv ma-
chines. and radar ranges. We test
about 95% of the various tvpes of
tv scts produced in this country,
which gives us a good idea of what
is going on in the plants. But right
now we're in the process of re-
vamping all our programs to make
our standards more stringent and
our test more comprehensive.”

Horn doesn’t anticipate another
ce-tvpe alfair. “The issue.” he says,
“brought home the fact that com-
panics, particularly large produc-
ers. were getting a little too re-
laxed in their attitnde towards
their products and safety  stand-
ards. Periodically we need some-
thing to point up the fact that you
must maintain continual vigilance.”

All v1. device checks have been
run at the labs; there has been no
qual’ty control program, per se. “In
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al a1 IMPogsibly low price!

Duncan Electronics now offers for the first time in the
history of the potentiometer industry a PRECISION,
TEN-TURN WIREWOQUND pot for less than $6.00. In
fact, the new Model 3253 “'PIXIEPOT potentiometer
is yours for as low as $3.97 each in production quantis
ties and only $5.95 each for 1-24 units.

Outstanding “PIXIEPOT'' potentiometer features:

e | th: ONLY 34"

3 £0.25%
¢ Resistance Range: 100 ohms to 100K ohms

i
L}
|
I

The Model 3253 “'PIXIEPOT" potentiometer incorpor-
ates all of the fine engineering workmanship you've
come to expect from other Duncan products. Only our
new,.unique production technigues enable us to bring
this potentiometer to you at these unheard of prices.

And if you need your *PIXIEPOT" potentiometers in a
hurry. we guarantee they’'ll be on an airplane out of
Los Angeles within 24 hours after receipt of your order!

How can a "“"PIXIEPOT potentiometer help you?

Call or write your Duncan representative (listed on the
facing page). He will personally deliver to you. FREE. a
1K "PIXIEPOT" potentiometer for your evaluation in
exchange for the filled out certificate.

This certlflcate redeemable for one 1K “PIXIEPQT”
,L\n: U )

} ) |

ye &
- (TYPE OR PRINT)

MY APPLICATION 1S _

NAME

COMPANY A TITLE.

ADDRESS . DIVISION

CITY e S STATE 2P,

This offer expires December 1, 1967

DUNCAN ELECTRONICS, INC. - 2865 FAIRVIEW ROAD, COSTA MESA, CALIFORNIA 92626
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ENGINEERING SALES
REPRESENTATIVES

ALABAMA Huntsville
Orbe, Inc.
Tel: (205) 881.8230

ARIZONA, Phoenix

Southwest Engineering Company

Te!: (602) 944-1521
CALIFORNIA, Costa Mesa
Duncan Electronics, Inc.
(Factory Sales Office)

Tel: (714) 545-8261
CALIFORNIA, San Francisco
Jack Pyle Company

Tel: (415) 349-1266
COLORADO, Denver

Hyde Electronics Co., Inc
Tel: (303) 936-3456
CONNECTICUT, New Haven
Gerber Sales Co.. Inc

Tel: (203) 777-6279
FLORIDA Orlando

Orbe, In

Tel: (305) 424.0978
FLORIDA, St. Petersburg
Orbe, Inc.

Tel: (813) 894.0687
ILLINO!S, Chicago

Carlson Electronic Sales Co,
Tel: (312) 774 0277
MARYLAND, Baltimore
Biechler Associates, Inc.
Tel: (301) 825-8222
MARYLAND, Rockville
Biechler Associates, Inc.
Tel: (301) 762-6210

MASSACHUSETTS, East Longmeadow

Gerber Sales Co., Inc.

Tel: (413) LAurel 5-3059
MASSACHUSETTS. Waltham
Gerber Sales Co., Inc.

Tel: (617) 891-8040
MICHIGAN, Detroit

Grant Shaffer Company
Tel: (313) 273-5390
MINNESOTA, Minnecapolis
Carlson Electronic Sales Co,
Tel: (612) 788-4111
MISSOURI, Kansas City
Harris-Hanson Company
Tel: (816) 444-9494
MISSOURI, St. Louis
Harris-Hanson Company
Tel: (314) 647-4350

NEW JERSEY, Harrington Park

B. B.Taylor Corporation

Tel: (201) 768-0969

NEW YORK, Baldwin, LI,

B. B.Taylor Corporation

Tel: (516) 223-8000

NEW YORK, Rochester

Reed Electronics, Inc.

Tel: (716) 473-2767

NEW YORK, Syracuse

‘Reed Electronics, Inc.

Tel: (315) 468-5488

NEW YORK. Vestal

Reed Electronics, Inc.

Tel: (607) 748-7391

OHIO, Cleveland

Rockford Controls Ohio, Inc.

Tel: (216) 531-4841

OHI0, Dayton

Rockford Controls Ohio, Inc,

Tet: (513) 274-1911

PENNSYLVANIA, Millersville

Bicchler Associates, Inc.

Tel: (717) 872-2793

PENNSYLVANIA, Pittsburgh

Rockford Controls Ohio, Inc,

Tel: (412) 7314600

TEXAS, Dallas

Robert R.Thomas Company

Tel: (214) 363-8591

TEXAS, Houston

Robert R.Thomas Company

Tel: (713) 644.2369

WASHINGTON, Seattle

Hamilton-Electro Corporation
of the Pacific Northwest

Tel: (206) 624-5930

e

DUNCAN electronics, inc.
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. . . laser researchers have been slow
in responding to safety suggestions ...

view of pending legislation how-
ever, it is evident to us that we will
have to become more involved in a
quality-control  program,”  says
Horn. “We must change our stand-
ards, too.”

V1. Less than radiant

Among the more outspoken crit-
ics of the proposed Federal legisla-
tion is George Borg, manager of
radiation and safety at Electro-
Optical Systems Inc., a division of
the Xerox Corp. Borg, a health-
physicist licensed by the state of
California, administers a safety
program patterned after that of the
nuclear industry—a field which he
maintains has compiled about the
best safety record of any industry
during the 21 years of its existence.

Borg fears restrictions inhibiting
technology  could follow Federal
laws if those drafting the legisla-
tion aren’t technically oriented. He
doesn’t think the X rays emitted by
television scts are much of a
problem, and when legislation re-
sults from an emotional reaction
“it usually fouls up the works
somewhere down the road.”

Eos makes such radiation-pro-
ducing devices as electron-beam
welders, electron microscopes, and
lasers. Except for the lasers, these
are state-licensed products  for
which Borg believes present stand-
ards are “very realistic.” The rules
dictate that persons not normally
working with radiation-producing
devices may not receive more than
2 mr per hour, or more than 300 mr
in a calendar quarter.

Exception. Borg does belicve,
however, that at least one segment
of the clectronies industry will
have itself to blame if restrictive
legislation is passed. He has been
pushing laser rescarchers to estab-
lish standards. Thev have been
slow to respond, and both state and
Federal agencies are now investi-
gating standards for lasers,

Fred P. Burns, manager of opera-
tions at the Korad Corp., a laser-
making Union Carbide Corp. sub-
sidiary, doesn’t think Federal
legislation would significantly af-
fect his operation—*if the legisla-
tion is sensible.”

Robert L. Mortensen, sales man-

ager for Spectra-Physics Inc., a
laser manufacturer, says: “Natu-
rally we're interested in people’s
safety.” But he doesn’t sce any big
problems with lower power lasers.
Mortensen doesn’t expect any seri-
ous changes in manufacturing from
Government - imposed  standards,
but “it depends on what the stand-
ards are. If they’re reasonable,
they won’t have a strong impact.
Low standards would be worse,”
he says. However, Mortensen does
express concern over a new Illinois
law that requires the registration of
all lasers in that state.

Tolerable. John Olander, general
manager of the Cryodry Corp., a
subsidiary of Armour & Co. that
makes microwave ovens, says, “As
far as we’re concerned, we meet
the law on the amount of tolerable
radiation.” The law he is referring
to is an Fcc regulation; the com-
mission is concerned lest micro-
wave ovens, which operate at 915
and 2.450 megahertz, interfere with
other microwave signals. The ¥cc
approves designs, but it does not
police the regulations.

In any case, Olander says, the
ovens are designed so that excess
radiation is trapped. The Congres-
sional hearings, he feels, are likely
to have nuisance value only; they
won’t affect oven design. The stray
radio-frequency signals that would
bother the Fcc are not nearly so
strong as the signals that would be
hazardous to health.

But microwave devices remain a
prime Terrill target. He points to
a recent study purporting to prove
that the risk of siring Mongoloid
children is greater among men who
have been radar technicians. He
suggests that there is a crying need
for rescarch in this area. Micro-
wave ovens are being used by peo-
ple who don’t realize the potential
dangers they face, he says.

Burton Silver, marketing man-
ager of the Electron Tube division
of Litton Industries Inc., says the
hearings would definitely aftect
both his division and the Atherton
division, which makes microwave
ovens. “The hearings couldn’t have
come at a worse time. Microwave
oven sales were just beginning to
grow,” Silver says.
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PROBLEM:

How to economically increase - short-haul
trunk capacity without replacing or expanding
existing cable facilities.

SOLUTION:

(S w——— )

paaEey U

For the full story and technical data about the
revolutionary PCM carrier system, write to:

FUJITSU PCM24-E1. The new multiplex
system offers 24 noise-free channels over
two pairs of ordinary cables.

Whether your problem is increasing capacity or setting
up a new network, the PCM system can solve it most eco-
nomically. Utilizing FUJITSU’s integrated technology in
communications and electronics, the PCM system con-
forms to CCITT standards and provides more merits than
might be expected. Low overall costs, less space require-
ment, noise-and-distortion-free transmission and sim-
plest maintenance. These excellent features have been
proven through practical applications: NTT (Nippon Tele-
graph and Telephone Public Corporation) was the first to
adopt the system; then, Hong Kong Telephone Company
ordered 23 systems of FUJITSU PCM24-E1. In short, it is
the best possible way to increase the capacity of short.
distance toll circuits or inter-office trunk lines in bigger
cities. But, more important is its money-saving and un-
usual quality features.

Low initial investment: The system needs only two
pairs of ordinafy cables for 24-channel carrier transmis-
sion, and existing cables can be utilized without modifi-
cation. In the terminal equipment, all channels have fully
transistorized logic circuits in common. Because of the
standardization and low-cost cable installation, cost per
channel is considerably lower than conventional systems.
All-round miniaturization saves floor space. .. the 120-
channel (five 24-channel units combined) standard ter-
minal bay can be mounted in a rack, only 2750mm’ high,
520mm wide and 225mm deep.

Noise-free transmission: At each repeater, multiplied
speech is amplified and isolated from all types of noise,
then transmitted to the next repeater. That's why this
system can maintain high quality of speech even through
poorer mediums.

Minimized maintenance costs: A faulty channel is
instantly indicated by a warninglight onthe terminal bay.
Compact repeaters (manhole and pole-mounted
types) require no routine - maintenance be-
causethey’'redesignedfor ., ! long-lasting relia-
bility and deposited in n - perfect water-
tight and temperature- *  free cases. Over-
all maintenance and
inspection costs are
remarkably reduced.

Ty

FUJITSU LIMITED

Communications and Electronics
Marunouchi, Tokyo, Japan
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Chester’s growth through service

We can’t think of a more graphic way to portray “Growth Through Service”,

than the illustration on the preceding page. The dark roof area represents

Chester’s plant expansion during the past ten years . .. expansion made

necessary by the increasing requirements of our many valued customers in

the electrical and electronic industries. I

Actually, though, it’s what’s under the roof that counts: — The newest and
most advanced production machinery . . . expanded research and test facilities
. .. exacting quality control techniques . . . modern materials handling |
systems . . . and most important — experienced people, skilled in the "3
manufacture of Plasticote® Wire and Cable. e | \1

Today . .. while we plan for the future . . . we still continue to meet industry’s
present requirements with uncqualled service. The ultimate ingredient of
this service is the most important facet of Chester’s story of growth . . .

the close, personal attention to each customer’s requirement.

CHESTER CABLE CO.

DIVISION TENNESSEE CORPORATION, CHESTER, NEW YORK 10918

T 1 A SUBSIDIARY OF CITIES SERVICE COMPANY
PHONE: (914) 469-2141 TWX (914) 469-9801

Printed in U.S.A,



RESEARCH HAS A NEW TOOL

To date there are over 1000 known applications of
closed circuit TV. The unknown are in the millions, but
scientists are discovering new uses every day — as
are we.

MTI camera equipment has become the accepted
standard in the medical field. And the reasons are as
simple as the equipment is to operate. A flip of the
switch gives you 7 day - 24 hour continuous operation
with no.adjustment. Compact, lightweight, completely

~—Circle 174 on reader service card

reliable — you have perfect viewing instantaneously.
MTI equipment needs no special “studio lighting” — no
special staff.

It's a new tool—a valuable new too! in research.
So may we suggest that if you have an application
— known or unknown — call or write:

-
ERR T8 marvLanD TELECOMMUNICATIONS, INC.
York & Video Roads, Cockeysville, Md. 301 - 666-2727
World's largest manufacturer of low light level television cameras;

Circle 175 on reader service card 1.




MILGRAY
SHEIVES

ENGLAND!

(with almost a mile of shelves...
and a million-plus
components...now ready
for immediate delivery
from our new Facility
in Greater Boston!)

On Monday, August 28, we cut the tape on
MILGRAY/NEW ENGLAND, INC....and, in the proc-
ess, cut some “red tape” for electronics Buyers and
Purchasing Agents in Massachusetts, Rhode Island,
Vermont, New Hampshire, Maine and northern
Connecticut.

Our New England location is a full-service facility,
stocked in depth with a comprehensive array of the
active and passive electronic components most
urgently and frequently required by our customers
and prospects in the area.

Milgray Red Tag delivery is available on all items.

In addition, Milgray /New England is “plugged-in”
to the complete circuit of all other facilities (New York,
Cleveland, Philadelphia, Washington) via open tele-

phone lines, teletype and continuous inventory and

176 Circle 176 on reader service card

reporting procedures that enable us to locate any dif-
ficult-to-find components within moments.

We've appointed Mr. Andrew Donchue, Manager
of Milgray /New England, Inc. Throw him the next
really difficult problem that comes up.

After all, the chances for immediate off-the-shelf
delivery are bound to be a lot better when you've got

more shelves to deliver from.

MILGRAY

Milgray/New York 212-YU 9-1600
Milgray /Delaware Valley 215-BA 8-2000
Milgray / Washington 301-864-6330
Milgray /Cleveland 216-881-8800
Milgray / International 212-YU 9-1600.
Milgray/New England. Inc..
79 Terrace Hall Avenue, Burlington, Massachusetts (617) 272-6800.
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The precision compounds deliver.

Durez’ phenolic, dialiyl phthalate, and alkyd molding compounds

Whether your specs call for moldabil-
ity that can give you walls as thin as .050
inch, or superior heat and chemical re-
sistance on the job, the precision molding
compounds from Durez deliver.

Durez’ broad line of phenolic, diallyl
phthalate, and alkyd molding compounds
offer the balance you want from ameng
these key design requirements: good
electrical and thermal properties, impact
strength, durability, relatively low cost;
heat, corrosion, and chemical resistance;
flame retardance, dimensional stability,
and retention of electrical properties after

Electronics | September 18, 1967

long

periods at high humidity.

The precision compounds are now

playi
pone

ng a major role in electrical com-
nt design. Ask.our sales engineers

and technical service men to check your

speci
probl

fic application or materials selection
em.

Specify the precision compounds from
Durez.

Fo
plete
Dure
porat

r complete information on the com-
line of precision compounds write
z Division, Hooker Chemical Cor-
ion, 9009 Walck Road, North Tona-

wanda, New York 14120.
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ANY OF FIVE PROTECTIVE CIRCUITS
IN ONE EASILY OPERATED SWITCH

APL CIRCUIT PROTECTORS

¥ 1
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KB T ek Sy A 3 ‘ i y '(
5 | TRIP
SER'ES TRIP 5 s @ L0AD Y
| | - .
5,. ; -—%"_ _gf: @ SHUNT
| I r -
‘i =—0 LINE © % .
§ e 3 Shunt trip provides you with several possibilities.
¢ i You can program an external shunt across the coil
i' : to change trip level for different operating modes
i of your equipment.
:
LDAD @ ‘: BT €I T O 10 S PR A L A G, W TN - e e ThT ':‘-u?‘:v‘-c\’z.—-;
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Airpax APL circuit protectors are ¢
manufactured in five circuit configu- LI RELAY TRIP
rations. Each is available in any of ] § LINE =8
10 time delays, in any of 16 standard 3 ~ I -° e W
trip levels, and rated for a maximum ¢ Loa0 = &
of either 50 vdc, 250 vrms at 60 Hz, - @ !
E or 250 vrms at 400 Hz. : = :
’é . L°‘:§ RELAY { g A %
H AT AR E’F&%mﬁhﬂﬂm:‘ﬂ?ﬂﬁi’ﬁi‘:fwﬁ.\'ﬂ'}-ﬁi T :— I %
B § In protector Types APL-4 and -5, coil and contacts f
5 terminate at separate pairs of terminals. With this ~ §
REMOTE INDICATION é configuration, you can control current in one A
? circuit by a different current in a separate circuit. i
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A switch built into Type APL-RE pro- i operator it’s § =~
tector transfers up to 5 amperes in ~ ; an ON-OFF (“) LoD
a separate signalling circuit. § switch. 4 -/ ;
] 72 Toyouit’s ; i
E a design : i
o ot SR—— 1 20 T Auxiliary contacts built into Types-RO g
H and -RO1 handle up to 10 amperes.  §
RO g T A T VLIS B AR ol T 00 i 50 o B P 5 SR e B T e QU S 34 SR : This spdt switch operates simultane- :
i ously with the main contacts. Used to §
AIRPAX ELECTRONICS & switch a remote load, this feature :
4 provides means for interlocking and $
CAMBRIDGE DIVISION e CAMBRIDGE, MARYLAND | Pprotecting related loads.
Phone 301-228-4600 L ;
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New Products

New integrated electronics

The swingto TTL
becomes a stampede

Use is growing so fast that customers have trouble getting
the circuits; the rush of new lines may satisfy the demand

Among engineers who design high-
speed logice systems with integrated
circuits, the current darling is
transistor-transistor  logic,  better
known as 1. The biggest advan-
tage of 1L is speed: 13-nanosecond
propagation delays in the earlier
products, as fast as 3 nsec in the
newer ones. Buying interest is so
great that customers have trouble
getting 1L circuits these days.
Transistor-transistor logic is a
direct fallout of a military program.
Designed for the Phocnix missile,
carlv circuits were built on a
pilot line in 1963 by Sylvania Semi-
conductors, a division of Sylvania

Eleetric Products Inc. Now  the
company has two lines—sunr-1
(Svlvania  Universal High-Level

Logic), with an 1l-nsec propaga-
tion time, and svir-2. with a 6-nsec
propagation time. With 380 cir-
cuits in both lines, including gates,
expanders, flip-flops, and functional
arrays. Sylvania has probably the
largest L line in the semiconduc-
tor indnstry.

Today, business is growing so
fast that Sylvania has to allocate
both stiuw-1 and svue-2 despite
opening an  1c-assembly plant in
Bangor, Maine, last April, and a
wafer facility in Woburn, Mass.,
a month later. But the short
supply of Tr1. has prompted a flock
of rumors that Sylvania cannot pro-
duce the faster sunc-2 line.

Alvin B. Phillips, general man-
ager of integrated circuits for Syl-
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vania. pooh-poohs such talk. "The
problem is the tremendous demand
for such circuits and inability to
expand tast enough to meet it. It’s
been a painful few months we've
been going through.”

Exploding demand. At Texas In-
struments Incorporated, marketing
men second Phillips talk of explod-
ing demund. One application ¢n-
agincer estimates that 80% of new
computer designs now call for rru
instead of the older diode-transistor
logic (n1L). resistor-transistor logic
(rre). or direct-coupled transistor
logic (pere).

1. Others follow suit

During the past 12 months, TrL
has clearly been the fastest grow-
ing form of integrated circuits.
Just a vear ago, TTL represented
129% of tota]l 1c production. Now
its share has doubled while total
ic production has also mushroomed.

Svhvania’s difficulties with de-
liveries have prompted most other
semiconductor companies to rush
out new lines of 1L, many of which
closely resemble sune-1 or -2. Mo-
torola  Semiconductor  Products,
which has its own form of high-
speed logic. called Motorola Emit-
ter Coupled Logic. now supplies
stnrn under a Svlvania license.

Two months ago, the Raythieon
Co. started producing Sylvania’s
50-megahertz dual J-K Hip-flop and
now offers it commercially.

Westinghouse's Molecular Elec-

tronics Division has put nine cir-
cuits of the stnL-2 line in its cata-
log. including two J-K flip-Hops,
an expander. and gates of various
input configurations.

Philco-Ford Microelectronics will
put from cight to 10 circuits of the
stut-2 line into commercial pro-
duction in late autumn.

\lthough all of these second
sources  admit to copving suilL
products, cach claims that its cir-
cuits are a little better than the
original. Westinghouse. for exam-
ple, boasts its TTL circuits use less
power—14 to 5 milliwatts less per
gate function—than the svnL cir-
cuits it has copied. Ravtheon be-
lieves it has improved the manu-
facturing process by casing the
ticht tolerances that sunL circuits
demand.

Eyeing LS!. A different approach
to Tr1. lus been tuken by Texas
Instruments with its 54/74 serics.
At Svlvania, high-spced was ob-
tained by improved components.
Texas  I[nstruments, on the other
hand, improved speed by increas-
ing the complexity. putting morc
components into each circuit. With
this  civcuit-development — experi-
ence now behind it, 11 believes that
its approach to 111 is a workable
way to move into large-scale inte-
gration (rst) later.

At the same time, TI recognizes
that Svlvania’s approach has won
the popularity contest among cus-
tomers so far. This autumn. Tt
will launch an extensive marketing
program to sell its kind of 1L
after introducing new  products
gradually for most of the year.

Signetics Corp., a subsidiary of
Corning Glass Works, also has a
form of TrL that is part of its
Designers” Choice Logic so that it
is compatable with Signetics prL
circuits. It competes with sunr-1 in
speed, though its design approach
is akin to that of T1. Because of a
techinicul agreement with Signetics,
the Spragne Electric Co. also
fers Designers’ Choice Logic.

17




THE FACTS ABOUT

MACHINED
MYGALEX"

glass-bonded mica

SUPRAMICA

ceramoplastics

Precision-fabricated MYCALEX glass-
bonded mica and SUPRAMICA ceramo-plas-
tics are exclusive products of the Mycalex
Corporation of America. These materials
are available in machined component form
solely from Mycalex Corporation of America,

FABRICATING FACILITIES AND
SERVICES

The combination of specialized equipment,
proven techniques, and experienced per-
sonnel makes Mycalex Corporation of Amer-
ica your outstanding source for fabricated
parts — on a production or experimental

basis.

We are preparcd to estimate, without cost
or obligation, from your prints . . . or to offer
suggestions for practical fabricating tech-
niques which will meet your requirements.

CORPORATION OF AMERICA
125 Clifton Boulevard, Clifton, New Jersey
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. . . some people wonder if everybody
using TTL really needs it . . .

Sprague’s 8200 series, there are two
TTL circuits; in the 8830 series there
are 12 TTL circuits—all 15-nsec cir-
cuits.

At Wescon last month, Sprague
started off on its own by introduc-
ing three circuits that didn’t stem
from Signetics development. Called
Sprague Super-Speed Logic, they
are: a flip-flop with a 60-Mhz bi-
nary toggle rate, a dual four-input
gate, and a quad two-input gate,
Each has a 5-nsec propagation de-
lay. More circuits will be added
to this line after the first of the
vear. Next month, Motorola, too,
will introduce its own .5-nsec TTL.

Transitron Electronic Corp. par-
ticipated in the original develop-
ment of 1L and has specialized in
that kind of logic ever since.

On the move. Fairchild Semi-
conductor, a division of Fairchild
Instrument & Camera Co., was in
on the original development of T
for the Phoenix missile and did,
in fact, build a few circuits in 1964
for that project. The company
owns the patent on the multiple-
emitter transistor that is central to
TTL. But Fairchild never brought
out a commercial TTL line until
nine months ago, when it intro-
duced the 9000 series having 10
circuits. This autumn. Fairchild
will start unveiling additional cir-
cuits as part of a plan to catch up
to Sylvania.

The reasons behind Fairchild’s
slow start in TTL were worries
about prodnction, the kind of think-
ing that has caused so many rumors
about nondelivery of T1L circuits.
Says Ben Anixter, Fairchild’s mar-
keting manager of integrated cir-
cuits: “From our work on Phoenix,
we were convinced that vou needed
tolerances of 0.0001 inch, too hard
to make commerciallv. So we sent
the project back to r&p which found
that 0.15- or 0.2-mil tolerances were
perfectly good.”

Il. Gaining experience

Although  Sylvania’s  Phillips
stoutly maintains that demand has
been the main problem—he savs,
“Despite rumors, we have in no
way underestimated the complexi-
ties of these circuits”"—others in

the industry are willing to admit
that vields of TTL circuits are still
far under prL, for example, so pro-
duction is not running as fast as a
lot of people would like. Admit-
tedly, the companies have not vet
built up as much production ex-
perience as thev have with nrL.
Transistor-transistor logic circuits
require small geometries, thin lines,
and shallow diffusions—all of which
can cause trouble in production.
Off and running. Makers believe
they are solving production prob-
lems by developing better masking
techniques and better furnace con-
trol. Fairchild’s Anixter insists that
“we’ll be making TTL until it comes
out of our ears” this fall. And Syl
vania’s Phillips sees his allocations
ending before the first of the vear.
The big question to a lot of peo-
ple, however, is where are all these
circuits going? Phillips says sunL
circuits have been specified for most
advanced military programs. so-
phisticated systems such as Ihaas
(Integrated Helicopter Attack Avi-
onics System), the Mark I avionics
system for the controversial F-111
aircraft, the avionics of the giant C-
S5A military transport aircraft, the
computer for a tactical air-control
system, and in the Navy Tactical
Data System. At least half of the
military and commercial applica-
tions usc svniL-2, Phillips adds.
What has made 1L so attractive
to so many people has been its
faster switching speeds, better noise
immunity, a higher fanout, and
lower power requirement than prL.
But still some people wonder if
evervhody who is using 1TTL needs
it. At Philco-Ford, J. Philip Fer-
guson, head of the microelectronics
division, thinks that the great de-
mand is somewhat irrational. “How
much equipment operates at 10
Mhz?” he asks. “People go to high-
speed  circuits  without knowing
what the problems are. Although
T1L has high d-c¢ noise imnumity,
it is very sensitive to voltage tran-
sients. Because TTL is so fast. a
voltage spike could trigger a TTL
circuit under circumstances that
wouldn’t give a pTL circuit enough
time to change states. Then, too,
there are some impedance-match-
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In quartz oscillators,
what more could you ask
for than high stability,
great spectral ' purity and
fast @ warm-up?

small size
and lowest price?

That’s right. The new Hewlett-Packard 105A/B into 502. Outputs are 5 MHz, 1 MHz, 100 kHz
Quartz Oscillators combine all these features sine wave and 1 MHz or 100 kHz clock drive.
to create the best buy for your precision quartz ~ Height is only 3'2"; 105A weighs only 16 lbs.

oscillator requirement. Short-term stability is _
better than one part in 10! rms for I-sec av-  Price: 105A, 51500; 1058 (8-hour standby
battery supply), $1800.

eraging time. Output typically reaches 1x107

of ﬁnzll(l frequency in 30 minutes: aging rate of Call your local HP field engineer or write
5x10-19/24 hours after full warm-up. Hewlett-Packard, Palo Alto, California 94304,
S/N exceeds 90 dB. Rated output is 1 V rms Europe: 54 Route des Acacias, Geneva.

HEWLETT hw PACKARD

FREQUENCY STANDARDS
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To turn off rejects of 3rd
generation circuits:

Turn on Barnstead’s
New Micro-Cleaner

There's no better way to make micro-circuits come clean!

Barnstead’s new microelectronic cleaning station provides
an ultra-pure final rinse — in a totally clean environment —
at minimum cost.

Write for Bulletin 211, describing this 3rd generation
cleaning station,

BBarnstead

Subsidiary of Ritter Pfaudler Corp,
482 Lanesville Terrace
Boston, Massachusetts 02131,

Positive-pressure hood
keeps work area free of
airborne contaminants,
with absolute air filter;
quiet, spark-free blower.
Meets or exceeds applic-
able MIL SPECS.

Five hot, cascading pure
water rinses in tinlined
monel tanks do a

thorough cleaning job.
Final rinse, measuring 18
megohms/cm @ 25°C

and free of organics,
gases, biologicals — is
much purer than deminera-
lized water.

Purity meter checks
quality of rinse water,
both “‘upstream’ and
‘‘downstream’ from
final rinse.

To make a few gallons

do the work of thousands,
water is continuously
recirculated, repurified.
System includes . . .

Demineralizer. Automatic
still. Organic removal
bed. 0.1 micron’ particle
filter. Sump, protected
by ultraviolet unit,
Ventgard® air fiiter.
Regenerative heat
exchanger. Cuts
electrical load by morg
than 50%

Circle 182 on reader service card

... even more new products
in the works for next year. ..

ing problems that can give design-
ers trouble”

Costs hold key. Just how big an
inroad T1L makes in the ptL busi-
ness will depend ultimatelv on cost
and application considerations. DTL
has a three-vear lead in design. It
usually costs less because b1 vields
average about twice as high as
those for 1L circuits.

Still, the higher costs of TT1. don’t
alwavs show up on the bills. Fair-
child now charges the same price
for ptL and 1rL, even though it
costs the company more to make
TTL. For example, Fairchild sells a
dual four-input gate in lots of 100
or more for $4.40 when built to
military specifications whether it be
pTL or TTL. Explaining this strange
behavior, Fairchild’s Anixter savs,
“If pTL is already designed in, and
you want to sell 1L, the only way
is to offer it at the same price.”
Fairchild is also betting that TTL
vields will improve enough to
match prL yields by the spring of
196S. There’s no reason why TTL
should cost more than prL he says.

As if all this burgeoning activity
in TTL wasn’t enough, most semi-
conductor producers have even
more new products in the works
for next vear. Sylvania, which is
still far ahead in number of TTL
products, plans to introduce addi-
tional functional arravs such as a
four-bit shift register, a binary
counter, a decade counter, and a
parity counter. In addition, Syl-
vania has already designed a low-
power series of sunL for avionics
systems that do not require the
highest speed but can dissipate only
1 or 2 milliwatts. Production is
scheduled for early in 1968.

Planning a family. Fairchild, too,
plans to introduce a line of low-
power TTL in 1968. But one of the
most attractive prospects for TTL
at Fairchild is as a forerunner of
large-scale integration. In a me-
dium-density approach, 40 to 50
gates per chip, Fairchild talks of
using TTL devices—characterized
by multiple-emitter inputs and ac-
tive pull-up outputs—for external
contact, and DpTL or even RTL de-
vices internally. Thus the company
will have a TTL family of circuits
each with different internal logic.
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When it comes to custom assemblies,
we can solve millions of problems.

Like taking millions of plastic and/or metal parts made
to the most exacting tolerances, fitting them into an
assembly, sub-assembly or finished product, wrapping
them, sealing them and shipping them.

Complex components like computer circuit boards, tel-
ephone switching equipment, memory core frames, com-
puter control connectors, switches, contacts for plug
assemblies, practically anything you specify, we can
make and put together.

That means your designers need not be inhibited by

the limitations of vour own facilities and machinery.

We're the one single source you need deal with. We’'ll
take care of it all—from initial fabrication of the parts to
the finished assembly. And we’ll do it all, probably at a
lower cost than if you did it yourself.

Let us put our men, machines and plants to work for
you. Give us your specifications, we’ll do the rest. We've
done it for a lot of others.

Sylvania Electric Products Inc., Parts Division,
Warren, Pennsylvania 16365,

SYLVANIA

SUBSIDIARY OF

GENERALTELEPHONE & ELECTRONICS GrlaE
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New Components Review

Designed for fast computer cir-
cuits, switches are moisture-proof
and have less than 1 us contact
bounce after transfer. B5200 and
BW5200 series are rated at 3
amps resistive, 1 amp inductive,
and 1 amp lamp-load at 28 v dc
or 120v a-c. They are available in
3 circuit arrangements with 18
mounting styles. Controls Co. of
America, 1420 Delmar Drive, Fol-
croft, Penn. [3411]

Arc accuracy of 30 seconds is
attaiflable with a series of Scott-T
transformers. The miniature toroi-
dal devices convert 3-phase syn-
chro inputs to 2-phase resolver
outputs. Line-to-line input voltage
is 11.8 v, rms output voltage 5 v.
Operating frequency is 400 hz;
temperature range is —55° to
125°C. Price is $70 for single
units. Magnetico Inc., & Richter
Court, East Northport, N.Y. [3451

A semiassembled feed-through ter-

minal is for installation in a
0.040-in. =0.02-in.-thick chassis,
mounting in a 0.136-in. hole. Des-
ignated FT-2-SM-1200, the ter-
minal’s 0.040-in. diameter gold-
plated brass lug extends 0.100 in.
above and below the Teflon bush-
ing. The unit handles 5.5 amps
and can be used from 65° to
200°C. Sealectro Corp., 225 Hoyt
St., Mamaroneck, N.Y. [342]

Linear xenon flashtube model FX
81-4 has a 4-in. arc length. The
10 x 12 mm quartz device handles
an energy input of 3,000 joules
per flash with a pulse duration of
1.4 msec. Units can be used in
environments ranging from ocean
depths to outer space. Applica-
tions include laser stimulation
medical research, and satellite
flashers. EG&G Inc., 160 Brookline
Ave., Boston, Mass. [346]

AN
4 vy ,’, - 4 .
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Metal alloy film resistor MAL-20
is a V2 watt (70°C) semiprecision
device for use in color-tv, compu-
ters, and industrial instrumenta-
tion. It has temperature coeffi-
cients of 100 and 150 ppm/°C,
and resistance tolerances of 2 and
5%. The unit meets or exceeds
requirements of MIL-R-22684, It
is epoxy coated and stamped and

color-coded. Mallory Controls Co.,
Frankfort, Ind. [343]

Double
with average dimensions of 0.097

tuned i-f transformers,
x 0.75 in, can be mounted be-
tween hybrid amplifier cans. Op-
erating frequency is 1 to 100 Mhz,
Typical temperature coefficient is
=65 ppm °C from —55° to
+125°C. The transformers can
contain up to 4 windings, and
are suited for r-f and i-f strips.
Piconics Inc., North Billerica,
Mass. 01862. [3471
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.
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Plastic-cased electrolytic tubular
capacitors with epoxy end sealing
are designed for p-c transistor
circuitry and miniature electronic
assemblies. Type EKA units come
in 11 different models with capac-
itance values from 5 to 250 uf;
and in 3 sizes, the largest being
1342 x 3154 in. D-c voltage ratings
include 3, 6, 10, 15, 25, 35, and
70. Aeroox Corp., New Bedford,
Mass. [344]

Molded chokes come in 3 types.
Models 3710-1 through -7 cover
inductances from 47 to 150 wh
in a 0.250 x 0.560-in. package.
Q values range from 18 to 75.
Models 3711-1 through -5 cover
180 to 390 xh, are 0.310 x 0.560-
in. with 80 to 75 Q's. The 3712-1
through -5 cover 470 to 1,000 «h
and are 0.375 x 0.625 in. Cam-
hridge Thermionic Corp., 445 Con-

cord Ave., Cambridge, Mass. [348]

New components

Plating sets gap in stereo heads

Process that cuts reject rate to 15% could trigger

price reductions in home tape recorders and players

A lJapanese firm’s technique of plat-
ing metal on ferrite may bring
about the long-awaited break in
prices of home tape recorders. De-
spite the steady decline in the
prices of other home-entertainment
products, quality tape recorder
prices have been difficult to budge.

184

One of the major reasons has been
the cost of record and plavback
heads, which is high compared
with other components.

Foster Electric Co. says its plat-
ing technique cuts head reject rate
by ncarly two-thirds and eliminates
a lot of manual assembly work. The

company claims a reject rate of
15% or less for stereco cartridges.
compared with the industry aver-
age of 40%. With less scrap to
write off, selling prices can he
shaved.

No shims. The main rcason for
rejecting a conventional ferrite head
is that the air gap between the
metal pole pieces is askew. These
pieces are usually made from
stacks of laminated material. such
as Permalloy. The gap is set bv
inserting a shim of copper between
the pole pieces. after which the
assembly is encapsulated in plastie
and ground to shape.

Becausc the surfaces of the in-
dividual pole pieces aren’t always
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Series TT ceramic capacitors in
encapsulated radial and axial con-
figurations, have tolerances of
#0.25%, =0.5%, and 1°; and
a capacitance range from 1 pf to
200,000 pf as standard. Applica-
tions include delay lines, a-d con-
version, precision filtering, timing
circuits, and ratio matching. Elec-
tro Materials Corp., 11620 Sor-
rento Valley Rd., San Diego, Calif,
92121. [349]

Military relay type PF has contact
ratings up to 10 amps, with op-
erate and release time of 7 msec
max. [nitial circuit resistance is
10 milliohms max., 20 millichms
max. after more than 100,000
operations at 10 amps, 28 v d-c.
Unit operates from -—65° to
125°C, withstands vibration of
20 g at 10 to 2,000 cps. C.P.
Clare & Co., 3101 Pratt Blvd,,

Miniature single-phase bridge rec-
tifier assemblies with ratings up
to 2,500 piv mount to p-c hoards
with one screw; terminals are sil-
ver-plated brass for easy soldering.
Devices offer piv's of 1,500, 2,000,
or 2,500 at current ratings of 1.2
0.8, or 0.6 amps respectively.
Price is $3.27 each in lots of
1,000. Sarkes Tarzian Inc., 415
N. College Ave., Bloomington, Ind.
[3501

P

Fired-film trimming pots for the
industrial market, designated Ac-
cutrim, have all-weided construc-
tion, with a stainless steel 1-piece
lead screw and a slider that insures
fong resistance element life. They
have infinite resolution, a range
from 100 ohms to 1 megohm, and
exceed requirements of MIL-R-
22097, Characteristic B, Type
RJ128B. Mepco Inc.. Columbia Rd.,
Morristown, N.J. 07960. [354]

An ultralinear variable magneto-
strictive delay line provides con-
tinuously variable delays from 2
to 35 usec at frequencies up to
2 Mhz. Unit operates in temper
atures from -40° to 85°C and
survives shocks of 600 g. Delay
is varied by a shaft; normal per-
formance is 167 ns’turn with
linearity to bhetter than 0.25%.
Digital Devices Inc., 200 Michacl
Dr., Syosset, N.Y. [351]

A resistor 0.040 in. in diameter
and 0.130 in. long operates from
1 x 10% to 1 x 10'® ohms with a
tolerance of *25°%. [t handles
temperatures to 100°C and with
a compatible epoxy can he readily
encapsulated. The ends of the re-
sistor serve as terminals for direct
soldering to terminal board and
circuit component connections.
Pyrofilm Resistor Co. 3 Saddle
Rd. Cedar Knolls, N.J. [355]

An interstage pulse transformer—
1 cu in. in volume and weighing
75 grams—operates up to 50,000
ft, withstands thermal shock and
h-f vibration to 50 g, and envi-
ronmental temperature from - -54°
to +110°C. With a working volt-
age of 10 kv d-c, it has a 1:1
turns ratio, a 0.05-usec rise time,
and meets MIL specs. PCA Elec-
tronics Inc., 16799 Schoenborn
St., Sepulveda, Calif. [352]

Reed relay series 325-12-1A
measures 1.4 x 0.25 in, sq. with
0.1-in. pin spacing for standard
p-c layout techniques. Direct p-c
mounting eliminates changes in
reed characteristics caused by cut-
ting and bending of axial-lead
types. The spst contacts switch in
less than 1 msec, and are rated
at 4 v-a into a resistive load. Self-
Organizing  Systems Inc., Box
9918, Dallas. [356]

Chicago. [3531

smooth. the gap formed by the
shim can vary. Monaural recorders
an tolerate a slight variation in air
aap. but frequency response and
amplitude linearity can suffer badly
in stereo systems.

Instead of using stamped lamina-
tions. Foster plates the pole picces
dircetly onto ferrite, and then plates
the heads with copper to provide
the gaps. This is achieved in a
three-step process that assures di-
mensional uniformity.

To make a stereo head. two
picces of ferrite and two coils are
first clamped together, with the fer-
rite heads at the exact spacing re-
quired in the finished head. The
clamp becomes a permanent part
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of the assembly, retaining the spac-
ing through the next steps. Then
the pole picces and the copper
spacer  are plated. Finally, the
heads are encapsulated and ground
to shape.

Bonus. Foster says it can make
the platings as thick as 2 milli-
meters. while controlling composi-
tion of the nickel-iron alloy.

As a byproduct of the plating ap-
proach, the company claims its
heads will last three or four times
longer than laminated heads. The
rcason:  plated-pole  picces  are
harder—about  Vickers 600 hard-
ness contrasted with 120 to 150 for
laminated heads.

Although Foster isn’t ready to

Japanese heads. Standard stereo,
Cassette stereo, and film projector heads
(from left to right) are being made with
the new plating process.
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. .. new heads are cheaper,
but no prices yet ...

+0r KF-13101
= OfF
=
S KF-24501 KF-24501
2 -10f
3 | kF-18502 KF-13101
] KF-18502
_20..
10 100 1,000 10000

FREQUENCY (hz)

Frequency response. Output versus
frequency for three types of heads.

disclose prices for its heads. it says
thev will be competitive with con-
ventional  heads.  Production  on
three heads started this summer,
but hasn’t reached the point wherve
the company will quote off-the-
shelf prices. Foster prefers to ne-
gotiate prices with volume buvers.
The three types are the KF-13101,
an cight-track sterco head for play-
back only, the KF-18502, for Philips
Cassette sterco record and play-
back machines, and the KTF-24501,
a single-chanmel  record-plavback
head for 8-mm sound movie pro-

ANGLE POSITION IN DiICATOR

30 2 05

ATLANTIC - NORTHATLANTIC:- NORTI-[
NORTH ATL.A.NTIC NORTH A.TL.A.NTI

how to measure resolver
or synchro position

with 30 second repeatability

In both production test and ground checkout systems, North Atlantic's high per-
formance Angle Position Indicators provide exceptional operator ease and precision
in the measurement of synchro and resolver position. Features include digital
readout in degrees and minutes, 30 second resolution, continuous rotation, plug-in
solid-state amplifier and power supply modules. Due to the design flexibility of
these units, they can be readily provided with a variety of features for specific

requirements. Typical units in this line incorporate combinations of the foltowing
features:

m Single Synchro or Resolver Input u 2-Speed Synchro Input
m Multi-frequency Inputs
= DC Input

m 0-999 Counter

m Dual Synchro or Resolver Inputs

= Retransmit Synchro, Resolver,
Potentiometer, or Encoder

BASIC SPECIFICATIONS

RANEEe ... 0°-360° continuous rotation
AcCuracy........................... T ——— .6 minutes (standard)
Repeatability . ... .30 seconds
Slew SPeed ... 25°/second
Power... T = 115 volts, 400 cps
Size . ... API 8025 .............................. 13%"h x 9V2"w x 9"d

API-8027.. . ... 3%2"h x 4%"w x 9%"d

[ gt~ S AT

Your local North Atlantic representative has complete data on the API
line. Call him today or write direct for technical literature.

WNWORTH ATLAINTIC industries, inec.
® TERMINAL DRIVE, PLAINVIEW, L. 1., NEW YORK e QVerbrook 1-8600
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jectors.

Specifications

Model KF-18502
Function

Gap

Impedance

Bias frequency
Bias current
Record current
Playback level
Crosstalk rejection
Track width

Track spacing

Model KF-13101
Function

Gap

Impedance

D-c resistance
Playback level
Crosstalk rejection
Track width

Track spacing

Model KF-24501
Function

Gap
Impedance
Inductance

D-c resistance
Bias frequency
Bias current
Record current
Playback level
Track width

Foster Electric Co.,

Cassette record
and playback

1.5 microns

400 ohms at 1 hz

60 khz

0.7 ma

100 na

—72 dbm at 1 khz

45 db min. at 1 khz

0.023 in.

0.0345 in

8-track, 2-channel
playback only

3 microns

2.5 kilohms at 1 khz

550 ohms

—60 dbm at 1 khz

60 db min. at 1 khz

0.02 in.

0.127 in.

8-mm film record
and playback

2 microns

100 ohms at 1 khz

14 mh

25 ohms

50 khz

1.5 ma

200 na at 1 khz

—75 dbm at 1 khz

0.023 in.

512 Miyazawacho,

Akishima, Tokyo [357]
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Remedy for nightr-nar_es:

AE’s Type 45NC stepping switch with “shorting” levels.

Many of today’s complex switch-
ing circuits look like an engineer’s
nightmare. Why not simplify
them? You can replace whole
groups of compoenents with an AE
Type 45NC “‘stepper.”

This switch has normally closed
(“shorting”) levels. It’s designed
so that pairs of contacts open suc-
cessively when the rotor is stepped.

The Type 45NC can solve al-
most any circuit-transfer or test-
ing problem.

1t’s ideal for self-interrupted
hunting, and you don’t need aux-
iliary relays.

You get one or two electrical
levels of either 26 or 52 point nor-
mally-closed contacts. For extra
versatility, you can specify addi-

tional levels of normally-open con-
tacts—on the same switch.

Contacts are gold-plated phos-
phor bronze. Contact resistance:
a maximum of 50 to 100 milliohms,
measured at 6 volts 100 mil-
liamperes.

When you specify AE rotary
stepping switches, you get the ben-
efit of our continuous research—in
design, in metals and insulating
materials. All this plus positive
positioning — a unique AE design

feature that locks the rotor and
makes overthrow impossible.

Find out more about AE rotary
stepping switches—an economical,
rugged and reliable way to simplify
switching circuits. There’s a lot of
helpful application information in
our new reference circular 1698-L.
To get your copy, just ask your
AE representative. Or write to the
Director,
Relay Con-
trol Equip-
1 ment Sales,

Automatic

AUTOMATIC ELECTRIC

SUBSIOIARY OF

GENERALTELEPHONE & ELECTRONICS
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= Electric,
% Northlake,
. Illinois
ROTARY STEPPING SWITCHES 60164-
GLRE
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Our abrasion-resistant TFE wire
keeps on flying
after others call it quits.

Keeps flying up to 12 times longer, as proved in use on six leading
types of commercial and military jets. Reason? It's 100% more
abrasion resistant than other airframe wires. Because it has a
tough insulation core of mineral-reinforced TFE bonded between
pure TFE layers.

Our wire also averages 50% smaller in diameter and 60% lighter
in weight than comparably rated wires. It can operate continuously at
500°F and remain tough at —450°F. It's nonflammable,
nonhygroscopic, highly resistant to chemicals, has optimum dielectric
properties and good flexibility.

Right now, it’s reducing wire replacements in aviation, mining,
refining, ground transportation and railroad equipment
manufacturing. It can do the same for your application. For a free
test sample and further data, write: ITT Wire and Cable Division,
International Telephone and Telegraph Corporation,

Clinton, Mass. 01510.

WIRE AND CABLE ITT

b
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New Semiconductor Review

Series NL-C180 are silicon con-
trolled rectifiers with voltage
ratings from 100 to 1,300 v. De-
vices are all-diffused, shorted-
emitter types with 235 amp
rating. Mimimum dv/dt rating is
200 v/usec; maximum  di, 'dt
ratings, up to 100 amps/usec.
Peak on-voltage is 1.8 v. Hard
solder construction yields low
thermal fatigue. National Elec-
tronics Inc., Geneva, IIl. [436]

L

Plastic complementary silicon tran-
sistors rated at 360 mw with a
maximum operating junction tem-
perature of 150°C can be
used to replace the standard
2N2222 series. The TD100 meets
MIL-S-19500/255E, with a noise
figure of 0.5 db and a minimum
gain of 100 at 10 ma. Base-to-
emitter voltage is matched within
2.5 myv. Sprague Electric Co.,
North Adams, Mass. [440]

“'Doorbell” rectifier module series
UG has ratings up to 8.25 amps
in air and 10 amps in oil, and
from 2.5 kv to 10 kv, Modules are
vacuum encapsulated with high-
thermat-conductivity filled epoxy
for voidless construction and co-
rona-free operation. Each module
has threaded connectors for stack-
ing up to 600 kv. Delivery takes 2
weeks. Unitrode Corp., 580 Pleas-
ant St., Watertown, Mass. [437]

Sensitive gate scr's 2N5060-
2N5063 are rated at 800 ma
(forward current rms) with volt-
age ranges from 30 to 150 v in a
T0-92 Unibloc plastic package.
Gate current requirement is 200
na. Uses are in fractional h-p mo-
tor controls, sensing and detection
circuits. Prices range from 51 to
85 cents (100 and up). Motorola
Semiconductor Products Inc., Boa
13408, Phoenix, Ariz. [441]

&

Photocontrolled  resistor  type
5082-4510 uses a cadmium-sulfo-
selenide photoceil for stability in
a changing temperature environ-
ment. Photocell resistance, when
illuminated, changes typically by a
factor of 1.5 with a variation in
temperature from 25° to 65°C.
Units cost $8 each in small quan-
titles, and $6.80 for 10 to 99.
Hewlett-Packard Co., 1501 Page
Mill Rd., Palo Alto, Calif. [438]

Fast recovery 12-amp silicon rec-
tifiers designated JAN 1N3889
through 1N3893 meet MIL-S-
19500/304(EL) specs. The series
is for high-reliability military
equipment using high-frequency
sine wave, square wave or pulsed
inputs. Applications include in-
verters, modulators, converters,
and accelerators. Electronic De-
vices Inc., 21 Gray Oaks Av.,
Yonkers, N.Y. 10710. [(442]

Current-regulating  diodes with
working currents from 0.22 to
4.7 ma come in a 32-device
series. The 1N5283 through
1N5314 are field effect diodes
that provide constant currents in-
dependent of voltage. Devices offer
a peak operating voltage of 100 v,
600 mw power dissipation. Prices
are from $4.90 for 100 units.
Motorola Semiconductor Products
Inc. Phoenix, Ariz [439]

,',:“/
e
N

Hybrid IC, d-c wideband amplifier
HX610 is offered in a 10-lead
T0O-5 can. It has built in by-pass
capacitors and needs no external
components when used as an am-
plifier with a voltage gain of 26
db. Maximum output voltage
swing with no load is 20 v peak-
to-peak to 8 Mhz, derating to
2.5 v p-p at 100 Mhz. Halex Inc.,
139 Maryland St., El Segundo,
Calif. [443]

Mew semiconductors

Piastic transistor dissipates 1.6 watts

By changing lead material, transistor

passes heat out to circuit board

When it comes to transistors, en-
capsulating them with plastic isn’t
the only thing Texas Instruments
Incorporated is doing these davs—
it's increasing the power-handling
capability at the same time. With a
new process to get heat away from
the transistor [Electronics, Sept. 4,
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p. 26], 1t can now dissipate 1.6
watts at 25°C case temperature in
a TO-92 package.

The first units in which the new
process is used are silicon audio
transistors for consumer electronics
applications. Designated the TIS90,
91, 92, and 93 series, the small-

Hand made. Collector lead is connected
to area of copper in a circuit developed
to test the power dissipation of

the TIS90.
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Doubt us
if you dare...

We have made certain claims for the efficacy of our Airbrasive unit
in certain applications...dicing germanium, for example, or cutting
tungsten carbide...or stripping potentiometers...or what we call
microdeburring. Airbrasive handles these and many other jobs with
production line alacrity and reliability...at very low cost ($1,000
and you’re in business).

Airbrasive is a device for directing a jet of fine abrasive powder
for heatless, shockless cutting, abrading, drilling of hard, brittle
materials.

If you have some such application, or if you think you might,
we’ll be pleased to demonstrate an Airbrasive unit to you at no cost
or obligation. Even better, if you can make one of our seminars,
you’ll have an instructive time seeing all that the Airbrasive can do.
For a demonstration, write. f you'd like to attend an Airbrasive
Seminar, write. If you'd like to buy an Airbrasive unit, phone collect.

SEE US AT BOOTH #622 NEC SHOW AND BOOTH #2D67 NEREM SHOW

S. S. WHITE COMPANY, INDUSTRIAL DIVISION, Dept. EU,
201 East 42nd Street, N.Y., N.Y. 10017, Telephone 212 661-3320

\0/?\0/ S.S.WHITE

1404

Circle 190 on reader service card

... try, try again
to dissipate heat...

signal units are for applications
formerly restricted to metal-case,
medium-power devices or where
heat sinks had been used.

Many tries. When 11 engineers
started the project, thev tried at-
taching a metal heat sink to a regu-
lar plastic unit. But this didn't
prove too effective. The engineers
found that most of the heat went
out through the leads. Next they
triecd changing the plastic’s for-
mula, but this failed, too—all it did
was change the clectrical character-
istics by lowering the volume resis-
tivity. The third attempt, using an
arca of copper on the face of the
ctched cirvenit board as a heat sink,
proved successful. And this process
had a built-in bonus: no additional
cost.

The selected area is connected to
a high-conductivity collector lead
that dirccts the heat away from the
transistor. Continuous device dis-
sipation of the series is typically
625 milliwatts at 25°C free air—
double that of previously available
plastic packages of the same sizc.

Silicon planar epitaxial transis-
tors arc available as npn tvpes
TIS90 and 92, and as pnp tvpes
TIS91 and 93. They are also avail-
able in matched complementary
pairs—TIS90OM/91IM and TIS92M\/
93M—for low-cost audio driver and
output circuits with up to 2 watts
for phonograph and stereo applica-
tions.

Electrical characteristics include
a minimum 40-volt breakdown volt-
age (collector-base and collector-
emitter), and a maximum 400-milli-
amp continuous collector current.
The maximum collector-emitter sat-
uration voltage is 0.25 v, and the
maximnm junction temperature is
150°C. The package is Tr's solid,
transfer-molded TO-92 with in-line
pin configuration or a 100-mil pin-
circle arrangement. Prices range
from 39 to 50 cents each in quan-
tity.

More plastic. A series of 18 tran-
sistors for radio, television, and au-
dio applications was also an-
nounced. These transistors are also
encapsulated in  the transfer-
molded plastic package, but with-
out the new heat-sinking design.

Eleven of these units—TIS83 to
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THE
CONFIDENCE

the military for TX (testing extra) device testing. Reliability
documentation? It couldn't be more thorough. Send for
the SURE Bulletin #5001 and our latest reliability report.

If you're going to spend hard cash for integrated circuits,
you don't want to play guessing games. You want a com-
pany you can have confidence in. A company like Signetics.

Our integrated circuits go through one of the toughest
quality assurance programs in the business. Signetics
SURE program meets all the requirements specified by

They give you good reason for confidence in Signetics,
the world's largest maker of integrated circuits exclusively.
Write Signetics, 811 E. Arques, Sunnyvale, California 94086.

SIGNETICS
INTEGRATED
CIRGUITS

A SUBSIDIARY OF CORNING GLASS WORKS

SIGNETICS SALES OFFICES: Metropolitan New York (201) 992 3980; Upper New York State (315) 469-1072; Southwestern (214) 231-6344; Western Regional (213) 272.9421; Eastern Regional (617) 245-8200; Mid-Atlantic
(609) 858-2864; Southeastern (813) 726.3734; Medwestern Regional (312) 259-8300; Northwestern (408) 738-2710.

DISTRIBUTORS: Compar at alt tocations listed below. Semiconductor Specialists, tnc. (312) 622-8860: Terminal Hudson Electronics (212) 243.5200;, Wesco Electronics (213) 684.0880; Wesco Electronics (405) 968-3475;
Hammond Electronics (305) 241-6601.

DOMESTIC REPRESENTATIVES: Jack Pyle Company (415) 349.1266. Compar Corporation at the foliowing locations: Alabama (205) 539-8476: Arizona (602) 947-4336: California (203) 245-1172; California (415) 697-6244;
Colorado (303) 781.0912; Connecticut (203) 288-9276; Fiorida (305) 855 3964; Hinois (312) 775-5300; Maryland (301) 484.5400; Massachusetts (617) 969-7140; Michigan (313) 476-5758; Minnesota (612) 922-7011;
Missouri (314) 428.5313; New Jersey (609) 429-1526; New Mexico (505) 265-1020; New York (518) 436-8536; New York (607) 723-8743; New York (716) 684-5731; New York (201) 471-6090; North Carolina (919} 724.0750;
Ohio (216) 333.4120; Ohio (513) 878-2631; Texas (214) EM 3.1526; Texas (713) 649-5756; Washington (206) 725-7800.

INTERNATIONAL SALES: France, Germany, Italy, Belgium, Holland. Luxemburg. Spain — Sovcor Electronique, 11, Chemin de Ronde, Le Vesinet, (S.-8-0.) France. United Kingdom, Ireland, Sweden. Denmark, Norway, Switzerland,
Rustria, Portugal — Electrosil Ltd., Lakeside Estate, C k-By-Pass Slough, hire, Great Britain, Australia — Corning, 1202 Plaza Building, Australia Square, Sydney, N.S.W. 27-4318, Canada — Corning Glass Works of
Canada, Ltd., Leaside Plant, Ontario, Canada (416) 421-150. Israel—Optronix, P.0. Box 195, Ramat-Gan, Israel 724-437. Japan—ASAH! Glass Co., Ltd., Corning Products Sales Dept. No..2, 3-Chome Marunouchi, Chiyoda-ku, Tokyo, fapan,
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Levex

A
BIG
PUSH, PULL, TWIST OR
TURN, IN A
SMALL
SPACE

Ledex solenoids can help you get a lot of work done in places
where you don't have much room. We make both push/pull
and rotary solenoids in a wide variety of shapes and sizes to
solve just about any actuating problem you have.

I~
PUSH/PULL LA
Our push/pull solenoids are designed @Dj

for fast response and high force-to- o
size. Generally, the flat face is best

for big loads and short strokes, and t ey
the conical gives you more force with o PN
longer strokes. Here's a performance - 1
comparison for a Ledex size 5 (174" @fg)

dia. x 1%4¢"):

Fiat Face
FORCE _FORCE
STROKE !Ial-fgaocev;)tltt:ger, conlg%a‘llvg:rsrjger.
_ 1/10 duty 1/10 duty
.020 inch 96 pounds 35 pounds
120 inch 12 pounds 27 pounds

ROTARY =

fasts )
Ledex rotary solenoids are known I]’ﬂ_r.). N

best for their shock resistant ability ‘--——-l‘\L,

and high torque-to-size rotary mo- 1
tion. For example, with a load that
must be moved through a 25° arc, our
smallest rotary solenoid (1” dia. x :)
35”) snaps 1.1 pound-inches, and our
largest (373" dia. x 2%4"”) moves a L. 5%
hefty 117 pound-inches. ﬁr

Standard Solenoid.
Life to 10 milkion
actuations.

7~ \

L
Because Ledex rotary solenoids ,'ju_\“

have a relatively flat output torque = -

curve, they are often used to move Eﬂgu{gnl%%%'ﬁ:?;ne'm'

linear loads. They are also used for actuations.

linear loads when shock conditions

exist or when stroke length is beyond o SR

the efficient range of push/pull N

solenoids. \\/ )

/

Call Ledex when you need a lot of power in a small space
to push, pull, turn, twist, step, index, hammer, punch or trigger.
For a quick start on your prototype, choose from over 350
ditferent stock model designs. Or, send details and we'll custom
design a space-saving solenoid for you.

Custom Circuitry & Controls

Circle 192 on reader service card

LEDEX INC., 123 WEBSTER STREET, DAYTON, OHIO 45402
phone (513) 224-9891

87, and 94 to 99— are silicon tran-
sistors ranging in price from 36 to
70 cents. The highest priced is the
TIS83, which is a high-perform-
ance oscillator transistor designed
for use in uhf tuners. It features a
high-injection current—I,.. is 2.5
ma at 930 megahertz—and a high
transconductance at uhf frequen-
cies—Yy; is 70 micromohs at 200
Mhz—enabling the device to be
used with Schottky-barrier or auto-
matic-frequency-control diodes.
Other devices in the series include:
r-f amplifiers, video i-f stages, and
andio preamplifiers.

The seven other new transistors
are the germanium planar plastic
type. These units—TIXM13 to 19
—have an operating temperature
range of —60 to +125°C and are
priced from 26 cents to $1 in quan-
tity. They. include audio amplifiers,
a-m and f-m amplifiers, mixers, os-
cillators, and transistors for auto-
matic-gain control applications.

Texas Instruments Incorporated, Dallas
[444]

New semiconductors

Diodes brighten way
to IC displays

Improved efficiency cuts
forward current, makes
diodes IC-compatible

Diodes that emit 500 foot-lamberts
of visible red light—a tenfold im-
provement in brightness—are being
made by the Monsanto Co. Extra
brightness isn’t the only reason
company engincers are bdaming.

The new diodes require no more
forward current than the 30-ft-]
diodes, also made of gallinm-arsen-
ide-phosphide semiconductor ma-
terial, which the company was
selling for 18 months. Both reach
maximum brightness at a forward
current of 50 milliamperes. In addi-
tion, Monsanto has upgraded the
original diodes so that they are now
produced at half the previous cost
—about $4 instead of $8—and emit
120 ft-1 at 50 ma.

The greater efficiency stems
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Put noise
to work

m STazA NOASE
nEvLEYY -

LI

GUHNERATOR
Passans
SEOUENCE LENGTH

X3 85958 X 5a

DC to 50 kHz, HP now offers calibrated, repeatable noise patterns, random
or pseudo-random, constant power and excellent Gaussian distribution.

EXCELLENT GAUSSIAN
DISTRIBUTION

Using HP 5400A
Multi-Channel Pulse Height
Analyzer, 2250 mw;

1024 channels; Noise
Generator: sequence length,
1,048,575; clock period,
3.33 usec.

The Hewlett-Packard 3722A Noise Generator now lets
you harness noise so that it becomes a defined and cali-
brated input to your system. It allows you to synthesize
and reproduce at will noisc signals of constant noise power
with a probability density function (pdf) in the classical
Gaussian construction. This unique new instrument uses
computer techniques to synthesize noise patterns of sclect-
able length that are thoroughly defined and repeatable.

Because the 3722A c¢mploys a unique combination of
digital and analog filtering, it is ablc to produce usable
controllable power at low frequencies not previously pos-
sible. And, too, the digital nature of noise gencration
enables cxact repetition of noise patterns of selectable
length. This can save you hours of testing time, and you
can test circuits, components or systems with confidence.
Systern responscs can be completely defined.

Electronics | September 18, 1967

REPEATABLE

Sweep time of oscilloscope,
0.2 millisec/cm;

Noise Generator:

sequence length, 1023;
clock period, 1 usec.

Ideal for such applications as control system response
measurements, communications testing, acoustic measure-
ments, temperature and flow fluctuations, study of air,
water and carth turbulence—and other real-time analog
simulation. HP 3722A, $2650.

For more information call your local HP ficld engincer or
write Hewlett-Packard, Palo Alto, California 9-4304;
Europe: 54 Route des Acacias, Geneva. 16702

HEWLETT (hp, PACKARD

SIGNAL SOURCES
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Need thirty different photocells?
Or thousands exactly alike?

In either case, specify “Raytheon.”
Raytheon now offers standard and
special types with cadmium sulfide
or selenide sensors, TO-5 case or
glass vial packaging, and a wide
range of operating characteristics.
These photocells are interchange-
able with competitive types, available
to MIL specifications, priced from
90¢ to $1.60 in production quantities.

All Raytheon photocells feature: rug-
ged mechanical construction, small
size, light weight. Low noise, com-
pletely ohmic light-dependent vari-

Send reader service card for data
on the complete line of standard
Raytheon photocells. Or tell us about
your special requirements.
Raytheon Company, Components
Division, Quincy, Mass. 02169.

able resistors, their characteristics
and high voltage capabilities ensure
fast switching, temperature stability
and linear response to illumination,

Wide range of characteristics. Our
CK1201, for example, features 150
ohms resistance at 100 ft. candles,
rise-fall time of 3 and 60 ms, 75 mw
power dissipation (maximum). And
our CK1266 features 2500 ohms
resistance at 100 ft. candles, rise-
fall time of 1.5 and .6 seconds,
and power dissipation of 100 mw
maximum.

Industrial Components Operation — A single source for Circuit Modules/Control Knobs/Display
Devices/Filters/Hybrid Thick-Film Circuits/Industrial Tubes/Optoelectronic Devices/Panei Hardware
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Array. Developmental array of
light-emitting diodes is a step toward
solid state alphanumeric displays.

from accumulated process and de-
sign improvements. Monsanto ex-
peets  additional bonuses in per-
formance and price from its pro-
agram, which is partially supported
by the Air Force Materials Labora-
tory at Wright-Patterson Air Force
Base, Ohio.

Arrays the goal. The higher cffi-
ciency puts the company within
striking distance of a major goal—
a solid state alphanumeric display
that can be driven directly by inte-
grated circnits. A current require-
ment of 50 ma would put consider-
able strain on the 1€ drivers. but
IC’s can casily deliver 10 ma. At
that forward current. the new
diodes will still emit 30 ft-1, which
is ample for many applications.
The diodes are also in the ic volt-
age ball park, requiring only 1.6
volts d-c.

For now, Monsanto is offering
the diodes only as individually
packaged components, and in de-
velopmental assembled arravs. One
such array contains 35 diodes in a
5 x 7 arrangement. At the going
price for the brightest diodes—
about $15 in quantities of 1.000—
these arrays are too costly for rou-
tine display applications. They are
aimed for applications such as re-
cording encoded data on film.

However, the lower current re-
quirements and process improve-
ments raise the likelihood of niono-
lithic arrays. able to display char-
acters and numbers, being pro-
duced in the future.

Variety. Although the new diodes
cmit 500 or more ft-1 of light, Mon-

Circle 195 on reader service card—>



If you make a product that needs control, and you are
still using relays, the facts are, some of your competitors
are using cheaper, more reliable, more versatile solid
state circuits.

If you make equipment to control, or measure, or analyze,
the facts are, some of your competitors are building small
computers inside. You hard wire for one task, one pur-
pose. They write programs for the computer that permit
typed-in instructions for many tasks, many purposes.

Your customers increasingly know this. Digital tech-
niques save them time, give them flexibility, and end up
doing more and costing less. And in your quieter moments,

we suspect you know it, too. Digital technigues are the

. wave of the future.

Digital Equipment's product line includes noise-immune
solid state circuits for industrial controls, computer
speed modules for interfacing and simpler instruments,
analog to digital converters now no bigger than a circuit
card. And the computers themselves. Digital Equipment
is the leading manufacturer of small computers in the
world. PDP-8/S, which sells for $10,000 before OEM dis-
counts. PDP-8 at $18,000. PDP-9 and the time-sharing
PDP-10 for bigger tasks.

We have literature on the products and the applications.
Free for the asking.

How to
automate
A Better
Mousetrap

MOOULES - COMPUTERS

DIGITAL EQUIPMENT CORPORATION, Maynard, Massachusetts 01754. Telephone: (617) 897-8821 « Cambridge, Mass. « New Haven « Washington, D. C. « Parsippany
N.J. « Rochester, N.Y. « Philadelphia « Hunlsvilie « Pittsburgh « Chicago « Denver « Ann Arbor « Houston « Los Angeles «Palo Alto » Seattle « Carleton Place and Toronto,

Ont. « Reading, England « Paris, France

Munich and Cologne, Germany « Sydney and West Perth, Austratia

« Modules distributed also through Allied Radio
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After millions
of Mallory MOL'’s,
here’s where we keep
our rejects.

— Of the many millions of Mallory MOL metal

oxide film resistors we've madein the past
three years, not enough have come back to fill your vest pocket. The
reason? Highly automated production with automatic quality control tests

on every resistor.

MOLs have high stability. Resistance change on 10,000 hour load-life test

is less than 59,
Delivery is prompt. And the price is right.

No wonder most leading TV manufacturers use MOL resistors. Get the

details. Write or call Mallory Controls Company.

M ALLO ) MATLLORY CONTROLS COMPANY
adivision of P BRONMALLORY & CO. INC.
Box 327, Frankfort, Indiana 46041
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santo specifies them in two nomi-
nal brightness categories: 300 and
450 ft-1 at 50 ma. The first will emit
50 ft-1 at 20 ma, and the second pro-
vides 50 ft-1 at 10 ma.

Among the recommended appli-
cations, besides data encoding on
film, are graticule illumination,
long-life indicator lights, and light
sources for light-sensitive semicon-
ductor detectors. At the lower cur-
rent, they are suitable for 1c diag-
nostic indicators—a diode can be
connected to an 1c assembly to in-
dicate malfunctions and is driven
directly by the 1c power supply
without a buffer amplifier.

Unlike semiconductor lasers—
which Monsanto also makes—the
diodes emit incoherent light. Qut-
put wavelength varies between
6,000 and 7,000 angstroms and
spectral bandwidth is 400 ang-
stroms. The diodes can be selected
to provide a requested peak output
at a wavelength within the nominal
range.

The diodes are mounted in TO-
18 headers, or in a smaller, coaxial
package that allows them to be
put closer together. The TO-18
can’'s diameter is 0.230 inch and
the coaxial package’s is 0.1 inch.
In the first, the anode and cathode
are pins; in the other, the cathode
extends through the anode. The top
of each package is an epoxv lens
that protects the semiconductor
chip, serves as a window, and con-
centrates the emission into a nar-
row cone.

Monsanto Co. 800 N. Lindbergh Bivd.,
St. Louis, Mo. 63166 [445]

New semiconductors

Square solar cells
convert for less

Ceramic solar cells cost
1/10th as much as silicon
for the same power output

Inexpensive ceramic solar cells de-
veloped at Japan’s Matsusita Elec-
tric Industrial Co. wireless research
laboratory may lead to many ap-
plications not practical with sili-

Electronics | September 18, 1967



Buy this ten dollar

Philbrick
Operational

...and let everyone think
you paid twenty.

They’ll believe it,

when they see

its performance.

Plain language—our low prices come from volume-
production savings and new packaging efficiencies.
Others achieve them by cutting corners—thereby mak-
ing your design job more expensive, more difficult, and
more restricted.

Here's what we wmean— Economy-Grade Philbricks
g{(\'e you design resilience the others don't have. Things
like:

Safe, conservative operation at any supply voltage be-
tween =75V and =22 V; a full =11 V output swing
with a =15V supply (even more at higher supply
levels) ; gain to spare — enough to let you take full ad-
vantage of their low offset drifts; remarkably low
quiescent power; exceptionally wide stability margins.

We know —that nine times out of ten, you would save
money if you paid ticenty dollars for a resilient Phil-
brick — but we don’t ask you to; just pay what you
would for a narrow-margin stiff one. Call us — we've

got what vou want, at low prices you’ll be surprised
to find.

EXAMPLE: This new PF55AU preformed-case epoxy
encapsulated miniature has open-loop gain of 40,000
driving 10kQ, 1.5 MHz bandwidth, CMR of at least
1000:1, will slew at 1.5 V/usec, 20 »V,/°C offset limit,
and all the resilience described above. It outperforms
the cut-spec cheapies, yet it's a genuine Philbrick,
through and through. PF55AU price: In lots of 1,000
... $10.00 (even less in larger quantities.)

Send for new Operational Amplifiers price list and 12
page brochure: Bulletin 6111. Philbrick Researches,
Inc., 22-S'Allied Drive at Rte.128, Dedham, Mass. 02026.

Phone: (617) 329-1600 TWX: (617) 326-5754.

$
&'  GOING THE MICROCIRCUIT ROUTE?
There's a resilient easy-to-stabilize Philbrick
in a modified TO-5 package, too — at only $6.95
(less in 100-lot quantities or more).

ELECTRONIC ANALOG COMPUTING EQUIPMENT for MODELLING. MEASURING. MANIPULATING and MUCH ELSE

™

PHILBRICK

A TELEDYNE

Electronics | September 18, 1967
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Now Silk City Offers
Complete Ceramic

Production Facilities
From Development
Through Volume Production

Major Ceramic Services Offered By Silk City

PROTOTYPE DEVELOPMENT

In the development of precision proto-
types for the electronic industry, we are
equipped to offer muiti-shaped parts and
varied-ceramic formulations to meet every
possible design and economy require-
ment. We produce precision ceramics that
are machined from alumina, die formed,
isostatic pressed, extruded, molded or
cast. Materials range from high-aluminas
through forsterite.

PRECISION MACHINING

Where the tolerance or surface finish is
extremely critical, we are skilled and
equipped to provide the necessary
ceramic machining. We offer a complete
range of grinding, polishing, lapping and
ultrasonic machining.

METALIZING AND PLATING

We offer prototype development or volume
production of metalized and plated
ceramics for use in hermetic seals and
other sub assemblies. Both high and low
temperature metalizing are available. We
prepare surfaces for customer brazing
or numerous other sealing requirements,

SUB ASSEMBLIES

We produce complete sub assemblies
to customer specifications, as well as
provide a capability to design parts to
meet your requirements. Final assembly
includes brazing of ceramic to ceramic
and metal to ceramic for either mechanical
or hermetic seals.

SHORT PRODUCTION RUNS

After prototypes have been developed and
approved, we are staffed and equipped to
carry the item through to a test produc-
tion run or fill initial stock orders. You are
assured precision products that meet the
highest quality standards.

VOLUME PRODUCTION

With the addition of our new plant in
Hendersonville, North Carolina, we are
now prepared to handle your full produc-
tion requirements. Our present equipment
will produce ceramic parts with diameters
ranging from a fraction of an inch up to
15 inches.

We invite your inquiry!

SILK CITY INDUSTRIAL CERAMICS

INCORPORATED

Subsidiary of Basic Incorporated fcci\ c \

221 Seventh Avenue < Hawthorne, New Jersey 07507

Phone 201-427-4211

D

OFFERING A COMPLETE CERAMIC SERVICE FROM PROTOTYPE THROUGH PROOUCTION

198 Circle 198 on reader service card
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Substitute. Ceramic solar cells replace
silicon at lower cost.

con cells. When solar cells first be-

came commercially available it was

thought that they could be used to
heat homes, power cars and re-
mote radio stations, and. in general,
be a free source of power. But even
after the development of the sili-
con cells, these goals were not
achieved because of the high cost.
Matsushita engincers say the cost-
per-watt gencrating capacity of the
new cells is about 1/10th that of
standard silicon solar cells.

The base for the new cell is a
sintered wafer of cadmium sulfide,
which is a ceramic-like material. It
can be made in almost any size or
shape, unlike silicon which is lim-
ited to small wafers. The basic
material costs only about $7 a
pound.

Conversion. Sintered wafers are
n-type semiconductors. The front
surface is converted to a p-type
semiconductor by immersion in a
copper-sulfate solution. The reac-
tion between wafer and solution
converts the front surface to cop-
per sulfide, which has p-type prop-
erties. The junction is between the
copper sulphide and the cadmium
sulphide, and is heterojunction
rather than homojunction as in sil-
icon and germanium solar cells.
The back of the wafer is masked to
prevent its conversion.

The converted layer is from 10
to 100 microns thick, depending on
treatment time. This is much
thicker than the layer above the
junction in a silicon solar cell. One
reason for the thickness is the
granular nature of the material.
Only the surface of individual
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Here’s why you should now
be using Datavue* Indicator Tubes

CK1904—Interchangeable
with B59956 and NL809.

¢« 72 ® 0 880600800 s s s 00 s stebeslt o

CK1901—Interchangeable with
B5016 and NL5016; CK1902—
Interchangeable with B5032,
NL5032, B50911 and NL50911.

®e 00000000

=

8754—Also available with right- and/ or left-
hand decimal points; Interchangeable with
NL840/8754. Decimal-point types
interchangeable with NL841, 842, 848.

These indicator tubes—just a few of
Raytheon’s wide selection—otfer
you advantages in design, economy
and performance. For example:

You don't need to revise designs.
Raytheon’s Datavue round and rec-
tangular end-view tubes conform to
EIA ratings—interchange with other
brands. And Raytheon also offers
you a selection of side-view types—
and “specials” with up to 12 charac-
ters, = signs, symbols, etc., to your
specifications.

You can buy them at low cost. All
Datavue Indicator Tubes are priced

s s s s s s cc00 00 o0

R EEEE N I Y

€ 6680000060080 06008060808000608060000c0e00esss00e0oTesa0estsssrssresiosec e

8422—Interchangeable
with B5991 and NL8422.

P R R N R R A R AR A

8421—Interchangeable with
B5092 and NL8421;
8037—Interchangeable with B5031
and NL8037. Also available: 6844A,

R EEEEEEREER NI ET R B I IR A N

CK1905; CK1906 {right-
hand decimal point).

competitively—or lower. Most side-
view types, for example, cost less
than $5 each in lots of 500 or more.

Reliably trouble-free readouts. All
Datavue characters are fully formed
—not segmented. The fully formed
characters are brightly displayed
and easy to read—at distances up to
30 feet.

They last for years. They're made
better because of Raytheon’s expe-
rience—40 years of producing more
than 100,000,000 cold cathode gas-
filled tubes with carefully controlled
electrical performance. Ultra-long-

Industrial Components Operation—A single source for Circuit Modules/Control Knobs/Display
Devices/ Filters/ Hybrid Thick-Film Circuits/Industrial Tubes/Optoelectronic Devices/Panel Hardware.
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CK1903—Interchangeable
with B5992 and NL5992.
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CK1900 {used with CK8650,
CK1905, CK1906); CK1907
(used with 8754)—Inter-
changeable with NL843.
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CK8650

lite types, for example, have dynamic
life expectances of 200,000 hours or
more.

They're readily available—in sample
and production quantities. For sam-
ples, prices, or technical information,
call your Raytheon regional sales
office or distributor. Or write:
Raytheon Company, Industrial Com-
ponents Operation, Quincy, Mass.
02169. *Trademark of Raytheon Company
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3 THE ROCKET BELT

[0 THE HYDROSKIMMER

O FIRST COMMERCIAL NUCLEAR FUEL REPROCESSING
PLANT

[J FIRST AIR SUPPORTED STRUCTURES

O FIRST SUCCESSFUL IMPLANTABLE PACEMAKER FOR
THE HUMAN HEART

C1 AND NOW THE FIRST SKY TAXI A

photo courtesy
Textron's Bell Aerosystems Co.

this is not
the place
for imitators

The list of recent and current major developments born on the Niagara
Frontier in avionics, electronics and other modern scientific fields
makes eye-opening reading for any company seeking the right
*climate” for a new research facility or manufacturing site.

Here too, the exciting combination of art galleries, sports, schools and
universities, closeness to over 100,000,000 pcople and the availability
of good plant sites makes the Niagara Frontier a sound choice for you.
But the very special quality this area offers you is the “‘can do” spirit
that sparks innovations and accomplishments. Get the whole story . ..
it's yours for the asking ... simply send in the coupon below!

Mr. Edward Rath

! 1

y Erie County Executive
The fUture { Erie County Hall, Dept. E-77 & ‘l !
is here ! Buffalo, N Y. , !
1 0K. Mr. Rath. Send me your N & l ]
on the I new book that tells why the ’-””“’””‘-".,'.’.!_" |
: Niagara Frontier (Buffalo and i J |
H Erie County, N. Y.) is a profit- I L |
Nlagara : able spot for our plant. |
H Name __ i

1

Frontier 1 !
(BUFFALO AND : Aeress -_— — i
ERIE COUNTY, N.Y) y O — ————— State ———Zip n
| [] Check if you want convention information. 1
_______________________ J
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PLASTIC

SUNLIGHT ENCAPSULATION

7/,
O 77752

NICKEL
PLATING

SILVER INSULATION

(PLASTIC LACQUER
= LEAD

grains of cadmium sulfide are con-
verted to copper sulphide, while
the inner portion remains uncon-
verted.

Positive stripes. A grid made of
stripes of silver conductive paint
on the front surface of the cell
forms the positive clectrode. Closer
spacing and increased width of
stripes lower the cell resistance
and increase maximum current
available, but decrcase efficiency
because part of the active region
of the cell is shaded. Nickel plat-
ing on the cell’s rear surface forms
its negative electrode.

While the conversion efficiency
of the cells is lower than that of
silicon solar cells, Matsushita engi-
neers calculate that in some appli-
cations the efficiencies of the two
tyvpes may be almost equal on an
area basis.

The cadmium-sulfide cells can
be made square, while silicon cells
have to be trimmed into rectangles
to obtain the maximum output
from a solar panel. If the silicon
cells were used in their natural
form, as circular or semicircular
slices, the gaps between the cells
would make the area efficiency
about the same as for ceramic cells.

Ceramic and silicon cells

Characteristic Silicon cell Ceramic cell
Conversion
efficiency 10-15% 5-8%

(Incident radia-
tion to electricity)
Open-circuit

voltage 0.6v 0.45v
Short-circuit

current 30 ma/sq.cm 30 ma/sq.cm
Temperature

coefficient —0.5%/°C —05%/°C
Cost per watt $54 to $67 $5.40
Resistance to

radiation Poor Good to

excellent

Matsushita Electric Industrial Co.,
Tokyo [340]
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SPECIFY EIVI1C
INTEGRATED LOGIC CARDS

Now available: a complete new family that gives you
quality, flexibility and off-the- shelf logic design!

Quickly implement your designs either
for breadboards or for production units
with EMC’s versatile new family of 1.C.
plug-in assemblies!

For greatest versatility, the 930 series
of DTL and related compatible TTL cir-
cuits in the popular dual-in-line package
form the nucleus of the components used
in the assemblies. Standard +5.0 volts
= 107 power supply voltage; 0°C to 75°C
operating range (—55°C to + 125°C also
available) ; 5 MHz nominal operating fre-
quency.

AN EXTRA PLUS for you is EMC’s
policy which provides the flexibility often
lacking in “off-the-shelf” products: in
addition to offering standard families of
I.C. function card assemblies, EMC offers
a line of basic techniques with the ability
to alter inputs, outputs and other param-
eters to better satisfy a specific need.
Your special logic function ean be pack-
aged with the same 2 to 3 week delivery
as for standard cards.

Write today for a complete EMC 1.C.
catalog!

BNEEHRAENIENElectronic Modules Corporation ¢ COMPONENTS DIVISION
BE NMERFMEEEN

EEEEB“E P.0.BOX 141+ TIMONIUM, MARYLAND 21093 ¢« TWX 710-862-2638 « 301-666-3300
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New Instruments Review

Guildline 9930 d-c current com-
parator potentiometer features a
7-figure readout without critical
resistors. Linearity is 0.05 ppm
over full range, and long term
drift less than 0.1 ppm per year. ties
The unit’s resolution is only 1 part
in 2 x 107 of full scale, and
standard cell dial resolution is
0.1 ppm. Cost is $7,890. Hallmark |
Standards Inc., 145 Library Lane,
Mamaroneck, N.Y. [361]

|

1

Paortable
model 4881 determines the ability

transient generator

of equipment and systems to

The Centurion
meters has easy-to-read
recessed glass window to mini-
mize marring, and glare-free scale I
illumination. D-c current sensitivi-
are available from
through 50 amps with self-con-
tained shunts. D-c voltage sensi |
tivities are from 3 mv through |
500 v with self-contained multi-
pliers. Beede Electrical Instrument
Co., Penacook, N.H. [362]

Suited for swept frequency meas-
urements,
converter has a 70-db dynamic

maodel

line of electrical
scales

brated
5 #a
50,000 ohms.

compensates for
tion and lead

e othrts LY
LONORLy e

{
Cs

1008 a-c/d-c

Portable ohmmeter 244 has 0.5%
accuracy at center scale. It makes
direct readings of resistances from tal
0.05 to 50,000 ohms. It is cali-
in 4 ranges:
0 to 500, 0 to 5,000, and O to
Accuracy
sured by a built-in standard that

battery condi-
resistance.

0 to 50,

ciated Research Inc.
Belmont Ave., Chicago. [3631]

Pressure sensor PSF100A senses
level changes in liquids, granular
powder semisolids, equivalent to

Digital frequency difference meter
model 9403 provides a rapid, digi-
intercomparison of 2 fre-
quency standards. It measures fre-
quency offset from 1 Mhz refer-
ence to one part in 10%*. The unit
is useful in the setting or calibra-
tion of secondary standards and in

is as-

short- and long-term frequency
Asso- stability measurements. RMS En-
3777 W. gineering Inc., 486 Fourteenth

St., N.W., Atlanta, Ga. {3641

Lock-in voltmeter 131 measures
very weak radiant energy. It op-
erates with any detector over the

withstand sudden changes in a-c
ot d-c power supply sources.
Pulse amplitude is variable from
0.1 to 300 v; peak pulse power
is 43 kw, 0.5-chm load; and syn-
chronous pulse positioning, 0° to
360° on power line waveform.
Honeywell Inc., P.0. Box 391,
Annapolis, Md. 21404. {365]

range, a frequency response from
5 hz to 5 Mhz, and a 300-uv
sensitivity, It is applicable for au-
dio and video measurements such
as those encountered by telephone
companies and filter manufac-
turers. Pacific Measurements Inc.,
940 Industrial Ave., Palo Alto,
Calif. (3661

12 in. or less of water column or
pressure/vacuum and differential
in the same range. It is virtually

insensitive to shock, vibration
and acceleration. It is 1 x 1 x
11/32 in,, and weighs less than
10 grams, Fairchild Camera & In-
strument Corp., 225 Park Ave,
Hicksville, N.Y. [3671

{

spectrum from ultraviolet to far
infrared. It is suited for gen-
eral measurements of absorption,
fluorescence, emission, reflectivity,
and transmission. Frequency range
is 1 hz to 10 khz; gain stability,
0.25%. Price is $2,150. Brower
Laboratories Inc., Turnpike Rd
(Route 9), Westbore, Mass. [3681

New instruments

A-c tests weed out defective chips

System tests IC's before wafers are separated and packaged,

eliminating faulty circuits that pass the usual d-c tests

Functional tests of integrated cir-
cuits are normally made after pack-
aging. Inductance and capacitance
contributed by the probes used to
make d-c tests on the wafer can
cause propagation delays greater
than those the tester is trying to
measure. From necessity, manu-

202

facturers have learned to get along
with d-c tests; yields after this
stage—before scribing, bonding,
and encapsulation—can run as high
as 90%.

The faster and more complex 1C’s
become) the less likely it is that d-c
tests will weed out all the defec-

tive chips. and the manufacturer
will have to go through the expen-
sive packaging process before
knowing which circuits are good.

Last fall, Sylvania Electric Prod-
ucts reported a pilot process for
a-c testing on the wafer [Elec-
tronics, Oct. 17, 1966, p. 94.] And
last month at Wescon, E-H Re-
search Laboratories Inc. of Oak-
land, Calif., demonstrated the first
commercial system for such testing.

The w-H Series 4001 and 4002,
based on two instruments that E-u
introduced at the IEEE show last
March—a switching-time converter
for making nanosecond time-inter-
val measurements and a strobing
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Dynamic flutter analyzer 720 pro-
vides precise analysis and meas-
urement of tape recorder flutter.
The built-in oscilloscope identi-
fies and measures a!l flutter-con-
tributing components from 0.2
hz to 10 khz. The analyzer in-
cludes a crystal-controlled refer-
ence-frequency oscillator. Both
sine- and square-wave outputs are
provided. Vidar Corp., 77 Ortega
Ave., Mountain View, Calif. 3691

Model 052000 oscilloscope, made
by Xetex Electronics, England, has
20-Mhz bandwidth with sensitivity
of 10 mv/cr. There is a choice
of single- or dual-trace and high-
gain differential amplifiers, and
standard or delayed-sweep time
bases. Signal delay of 200 nsec
ensures that the leading edge of
an acceptable waveform is clearly
visible. Alban Electronics, 111 Ce-
dar Lane, Englewood, N.J. [373]

Automatic  transfer  standard
model ATS is a true rms to d-c
converter that makes a measure-
ment in 10 seconds for frequen-
cies from 2 hz to 10 Mhz. Accu
racies are: 0.1°% for a-c signals
up to 1.000 v and to 20 khz;
0.02°c up to 500 v and to 50
khz; 0.05° up to 16 v and to
1 Mhz; 0.5° up to 8 v and 10
Mhz. Singer Co., 915 Pembroke
St., Bridgeport, Conn. [370]

Freguency counter 5247M counts
directly from 10 hz up through
the communications bands to 135
Mhz. With frequency converter
plug-ins, the range can be ex-
tended to 18 Ghz. The instrument
has a time-base oscillator with
short-term stability of better than
5 x 107'" rms for a l-sec aver-
aging period. Price is $3,000.
Hewlett-Packard Co., 1501 Page
Mill Rd., Palo Alto, Calif. [374]

H-f probe 11096A converts d-c
voltmeters into a-c instruments
that measure signals from 100
khz to 500 Mhz. Accuracy in this
range is better than 1 db. Input
impedance is 4 megohms shunted
by 2 pf. The probe works with
analog or digital voltmeters that
have input resistances of 10
meaohms *10°.. Price is $45.
Hewlett-Packard Co., 1501 Page
Mill Rd., Palo Alto, Calif. [371]

Impedance bridge 1606-B, adapt-
able to coaxial connectors, meas-
ures in the 400-khz to 60-Mhz
range. Resistance range of the
bridge is 0 to 1,000 ohms, and
reactance range is = 5,000 ohms
at 1 Mhz. At other frequencies
the reactance reading must be di-
vided by the frequency in mega-
hertz. Price is $1,050. General
Radio Co. West Concord, Mass.
01781. [375]

i

Frequency converter CRS-150A
converts 50 or 60 hz single-phase
input power to precision, low-dis-
tortion 400 hz single-phase out-
put. It delivers 150 v-a, with
continuous duty in ambients of
—20° to + 60°C. Its sine-wave
output has less than 1°% total
harmonic  distortion. Frequency
regulation is *£0.25°. CML Inc.,
350 Leland Ave., Plainfield, N.J.
07062. [372]

volt-ratio

Programable,
meters series 6600 handle 1,000

digita!

samples per sec. Accuracy is
within  *=0.01% of full scale
#*0.017% of reading for 6 months
over a temperature range of 10° to
40°C. With the optional millivolt
preamp accessory, the 6600 auto-
matically ranges from -+10.999
mv to =1099.9 v d-c full scale.
Lear Siegler Inc., 1152 Morena
Blvd., San Diego, Calif. [376]

voltineter for fast waveform meas-
urements—can be used with stand-
ard commercial-wafer probes.
Hurling a challenge. The svstem
got a mixed reaction from semi-
conductor makers, somc of whom
scemed to have given up on the
idea of making a-c waler tests and
were  reluctant to  change  their
minds. There were a number of a-c¢
testers on display at Wescon. but
all except E-1ir's were designed to
accept  finished  packages.  Such
testers would be used as an ad-
junct to d-c wafer probes: circuits
that survived the wafer tests and
were packaged would be given
final a-c tests hefore shipment. The
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company is, in effect. challenging
the whole concept of d-c¢ testing.
“Except for leakage, we don’t sce
any reason to make d-c tests at all,”
says applications engincer James
E. Fisher.

Motorola Inc., for one, is re-
portedly interested in the E-n con-
cept. Texas Instruments Incorpo-
rated assisted in the developiment
stage of the system by providing
data on required tolerances and
parameters. The company has its
own a-c¢ tester for packages. Syl-
vania is still very interested in a-c
wafer testing. but its system is still
in pilot use for complex circuits.

The E-u system measures propa-

Wafer probe. Tester’s discriminator
heads are attached directly to a
standard semiconductor-wafer probe.
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Making a ceramic tower base insulator to

9,000,000 Ibs. ultimate strength

isn't easy. ..

Lapp

That was one of our toughest. But, Lapp has designed and
built hundreds of tower insulators. They range downward
to 80,000 Ibs. ultimate strength. In fact, Lapp insulators
support most of the world’s larger radio towers, both self-
supporting and guyed masts.

Lapp has over 50 years of ‘‘know-how’’, and experi-
ence that won'’t cost you a cent when you bring your
insulating problem to us. From drawing board to delivery
.. .Yyou can count on lapp to handle your tough tower
. .. and antenna, insulating jobs.

Can we help? Llapp Insulator Co., Inc.,leRoy, N.Y.
14482,
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... single shot for
all parameters...

gation delay, turn-on and turn-off
delays, and rise and fali times on a
single pulse. Two pulse-height dis-
criminators at the probe itself en-
able the switching time converter
to make accurate timing measure-
ments. A sinusoid from the circuit
under test will generate start-stop
pulses at programed levels. The
start pulse turns on a current that
is fed into an integrator, which
generates a voltage that rises lin-
early with time; the stop pulse
turns off the current.

The strobing voltmeter behaves
as a sample-and-hold meter with
an aperture time (for data acqui-
sition) of 4 nanoseconds. It pro-
vides a stretched and amplified ver-
sion of the input signal at the
output. The circuit is similar to
that of a sampling oscilloscope, ac-
cording to product line manager
Doug Curé. But the design com-
promises are such that it can make
single-point measurements on a
single-shot basis, while keeping a
d-c¢ reference with the input.

“The single-shot measurements
are not a synthesis, like a sampling
scope’s,” Curé says. “A single-
event—one logic cycle—can give
all the parameters.” That capabil-
ity is important, he says, because
it cuts down the time per test (the
system can make 700 measure-
ments a second), and because it
tests the logic in the same way that
a computer would use it. Circuits
perform differently under a train of
pulses and under a single pulse,
he says.

Careful calculation. The induct-
ance problems that plagued pre-
vious attempts to perform a-c tests
on the wafer were critical, but
posed no theoretical barrier, Curé
and Fisher say. If physical and
mutual inductance and capacitance
are measured, the entirc system
mayv be treated as a transmission
line and the characteristic imped-
ance calculated from the relation-
ship Z cquals the square root of
L over C. This “line” will have a
transit time that can be taken into
account in the measurements.

Prices of the k-1 systems will
range from $28,775 for the sim-
plest version, to more than $100.-
000, for the fully automated ver-
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sions having core-memory ele-
ments. Despite this sizable price
tag, the company is convinced that
the systein can pay its way in
cost savings, particularly for 1c’s
that are fast and complex.

Sylvania’s Richard Sirrine pro-
vides a succinct reason for a-¢
testing at the wafer. “When vou
take a complex circuit like a fre-
quency divider, which has four flip-
flops, you can’t just test for input
and output levels.” But Sirrine,
who worked on Sylvania’s a-c sys-
tem, doesn’t believe a-c testing will
completely replace d-c. There are
somne circuits, he says, that will
perform functionally yet won’t
meet the manufacturer’s specifica-
tions.

In any case, a-c testing per-
formed on the wafer will save the
packaging of defective circuits. The
circuits on a wafer, Curé says,
are worth only a few cents; in the
package they may be worth several
dollars,

Instrument hookup. The basic
components of the E-n system are
the model 153 strobing voltmeter.
the model 142 switching time con-
verter, the model 1420 timing unit.
and the model 1139 pulse driver,
all E-n catalogue items. The volt-
meter’s rise time is less than 3 nan-
oseconds, which is equivalent to a
bandwidth of 100 megahertz, and
its dynamic range is =1 volt a-c
or d-c. The strobe delay’s range
is from 100 nanoseconds to 100 mi-
croseconds, with an accuracy
within 0.35% of full scale. Ranges
of the time converter span from 1
nsec to 1.000 nsec in four decades.

E-H Research Labs Inc., 163 Adaline
St., Oakland, Calif. 94607 [377]

New instruments

Small, economy set
does big job on IC’s

Stripped-down system

makes most of the d-c tests
needed to evaluate IC's

Some integrated circuit engineers

who goggled at the computerized
and antomated—and expensive—ic

Electronics | September 18, 1967

e

Cinch-Graphik circuitry won’t upset your system. Our
recipe calls for liberal amounts of CARE, SKILL, and
EQUIPMENT to be blended by experts into a rare
treat in reliability. Cinch-Graphik knows that anything
less is hard to stomach. CAUTION: A regular diet of
Cinch-Graphik quality has been known to be fattening
around the profits. Write for our illustrated brochure.

CINCH-GRAPHIK

DIVISION OF

UNITED-CARR

MErABER
- 200 South Turnbull Canyon Road, City of Industry (Los Angeles), Cahf. 91744 - Phone (213) ED 3-1201. Sales
Wb Loe offices in 33 principal ¢ lies throughout the United States, Great Britain, Canada, Australia and West Germany.

5]

CONSISTING OF CINCH MANUFACTURING COMPANY, CINCH-GRAPHIK, CINCH-MOAD!OCK, CINCH-NULINE, UCIMITE (ELECTRONICS) AND PLAXIAL CABLE DEPT:
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Aluminum foil strips dropped in advance of air raids had a devastating
effect on German radar in Werld War II. In some instances bomber
lesses from missions were reduced from an expected 5% to less than 2%.

If you are qualified to talk countermeasures, talk to ATI. We're innovators and
manufacturers of electronic reconnaissance, surveillance and active countermeas-
ures systems.

Our product line is broad and incorporates advanced state-of-the-art tech-
niques.

Consider, for example, ATI's Solid-State Signal Source. Once a
laboratory device, they are produced in quantity by ATI for rugged aero-
space requirements. These units are designed for microwave applica=
tions demanding uncondilional operating stability and spectral purity.

A major application is as a frequency relerence subsystem for doppler
radar.

* Engineers * Designers
Join the Growing One. ATI has positions in many disciplines and on all Jevels.

APPLIED TECHNOLOGY INCORPORATED

3410 HILLVIEW AVENUE ¢ STANFORD INDUSTRIAL PARK <+ PALO ALTO, CALIFORNIA 94304
TELEPHONE: (415) 321-5135 . TWX: 492-9370 0 WASHINGTON. D. C. (703) 532-8188
LINCOLN AIR PARK WEST, LINCOLN, NEBRASKA: (402) 799-2411

ATI is an equal opportunity employer
ACTIVE COUNTERMEASURES » RECONNAISSANCE & SURVEILLANCE » SPECIAL COMMUNICATIONS TECHNIQUES
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In production. Off-the-shelf models are
more attractive than the original
instruments Beckman designed for
use in its own plants.

testers on display at \Wescon last
month made side trips to a suite in
San Francisco’s Fairmont Hotel,
where the Electronic Instruments
division of Beckman Instruments
Inc., a nonexhibitor at \Wescon, was
showing a stripped-down model
priced at only $495. Beckman’s
“Volkswagen” makes d-c tests
only, and is intended for the low-
volume user of digital 1c’s. But
Beckman expects it to- compete
with products costing five to 10
times as much.

“It’s an instrument born of des-
peration,” says Neal W. Vinson,
chief of the laboratory instruments
group at Beckman’s Richmond,
Calif., operation.

Beckman, which has been using
more and more IC’s in its growing
line of instruments, could not find
test equipment at a price that
secmed reasonable for its still-mod-
est 1c purchases. The company
therefore designed its own instru-
ment, found that production and
quality control departiments in at
least two divisions could use it,
and decided to test the open mar-
ket.

Vinson says that an operator can
completely test about one circuit
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solved with
integrated
driver
and FET
switches

analog
switching
puzzle?

Analog switching got you puzzled? Here's the an- SILICONIX DRIVER-FET SWITCHES R ILLOW.COST
swer — an integrated circuit with drivers and FET T No. of ,n"°%',°°r Type FET FET TESTER
. g A ; ; Lpe Channels  oN"Switeh Switch The SI200 Semiconductor
switches all in one package. Drive the input with Ll Tester features plug-ins for
. ; \ DG102F 2 0 Jct expandable test capability,
almost any integrated logic — only 0.8 volt swing DG103F 2 1 Jet lsimplicity of operation, and
q q f 8 ow cost.
is required. The output FET with ON resistance as Bg}?g'; g f1J ‘r{AC(t)S Price: 81200 Testar— 859801
low as 80 ohms and leakage less than 1 nA can DG111F 2 0 MOS Price: S1201 (DC & g;)
switch plus or minus 20 volt signals. DG112F 2 1 MOS Plug-in Module — $1335.
i . DG126F 2" 1 Jet
Pick the driver-switch combination for your appli- DG116F 4 1 MOS
PP L ; ; . DG118F 4 0 MOS
cation: 2 to 5 channels; inverting drivers or not; DG123F 5 1 MOS
MOS or junction FETs —see table. These prod- DG125F 5 0 MOS
; ; R oni i DG122F 2* 1 MOS
ucts add to the wide variety of §|I|con|x drivers DG132F o 1 MOS
and FET switches that are now available from your DG120F 3* 1 MOS
distributor. Write or check inquiry card for data. DG121F 3* 0 MOS
* Diﬂer:amial — two common gate switches with common
output.

Franchised Distributors COLORADO Kierulff Elec., Inc. MARYLAND Milgray Elec., Inc. NEW JERSEY Tech, Elec. Dist. NORTH CAROLINA  Kirkman Elec.

; Denver ... (303) 8257033 Hyattsville .......... (202) 864-6330 _ Bergenfield ... (201) 384-3643  Winston-Salem ... (919) 724-0541

A remer e e CONNECTIGUT Gramer Elec. Inc. MASS.  Cramer Eiectronics, Inc. NEW MEXICO Kierulf Elec. Inc. omlo "~ Alpine Industries, Inc.

MLSvEE —: ) Hamden ... (203) 288-7771  Newton ... (617) 969-7700 _ Albuguergle ... (505) 268- 0L “ogyton (513) 278-5861
ARIZONA Kierulff Electronics, Inc. FLORIDA Perrott Associates, Inc. MICH. Semiconductor Spec., Inc. NEW YORK Summlt Dist., Inc. .vr At s

[TTL T S— (602) 273-7331  Clearwater (813) 446-2535  Detrait ............ (313) 255-0300  BUffalo ........c...... (716) 88 43450 OKU}- oil CaDﬂO' Elec. Corp.

CAUIF. Hollywood Radio & Elec,  Orlando . -(305) 275-1132  MINN.  Semiconductor Spec., Inc. Miigray Eiectronics, Inc.  TUISE o (918) 836-2541

Hollywood y 213) 466-3181 West Palm Beach (305)585-7761  Minneapolis ... (612) 866-3434  New York City ... (212) 989-1600 PENNSYLVANIA Milgray Elec., Inc.

Men’l’o Park (415) 3223431 ILLINOIS  Semiconductor Spec. MISSOURI  Semiconductor Spec.  East. Semiconductor Sales, Inc. Philadelphia ... (215) 228-2000

Kierulff Electronics Chicago ... (312) 279-1000  St. Louis .......... (314) 521-8866  Syracuse ...........(315) 455-6641 TEXAS Sterling Electronics, Inc.

i fge e Silicanix inc ted b

an Diego ... A 3
Elmar Electronics, Inc. I |X ! Drp O ra e Houston . -

g Yo - )
akiand ... . .
Ele ctronlc Supply, Inc. 77140 W. Evelyn Avenue, Sunnyvale, California 94086 WASKINGTON Wgshlngton Elec.

Telephone (408) 245-1000 TWX: 970-339-9276 Seattle .. (206) 682-8981

Riverside ........... (714) 683- 8110
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UNUSUAL REQUIREMENTS
CALL FOR UNUSUAL TALENTS

In the seven years we've been in business we've concentrated on pro-
viding the best technical performance in certain specialized areas.

For instance, using a proprietary process we trim resistors to .01%. We
specialize in meeting unique function and packaging requirements by
combining chips, LIDS, and flip-chips on thin-film substrates with a vari-
ety of discrete components. And we adjust and match the temperature
coefficient of resistance to track to within == 5ppm/C°. Complete envi-
ronmental facilities allow us to test your finished circuit under almost
any required environmental conditions.

Naturally we have the latest equipment, but so does everybody else who
is really serious about being in the hybrid microcircuit business. What
we're offering you is the unique technical know-how that allows you to
get exactly the precision you want in the package that meets your needs.
And that means we don't cut corners on costs at the expense of perform-
ance. Why not give us a call. We'll be glad to tell you more about our
approach to hybrid microcircuit technology.

Contact Joe Crist, Sales Manager, Microelectronics Operation, (213)
346-6000, Extension 546, or write to:

L}

THE BUNKER-RAMO CORPORATION
DEFENSE SYSTEMS DIVISION
8433 FALLBROOK AVENUE « CANOGA PARK, CALIFORNIA 91304
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.. . sliding contacts
for fast setup ...

a minute with the instrument. For
this reason, Beckman says that the
999 is suitable for both laboratory
use and low-volume testing of in-
coming IC’s.

Sliding setup. Beckman’s model
999 provides exact d-c parameters,
accurate to =2%, on an analog
meter. It is “programed” by mov-
ing gold-plated sliding contacts
(one for each 1c package pin up
to 16) over a printed circuit board
that determines input voltages,
ground, clock, and logic level volt-
ages. Two bus lines on the p-c
board also make it possible to con-
nect pins on the ic package. Actu-
ally, supply, noise immunity, and
truth tables are used to test input
threshold levels, high and low out-
put cuirent, short-circuit output
current, input forward current, fan
out, power dissipation, and current
drain,

Since Beckman’s aim was econ-
omy, the 999 has few extras. “Still,”
says Vinson, “we’ve taken gate and
flip-flop measurements right off
Fairchild data sheets, and checked
everything except propagation de-
lay.” In a typical setup, he adds,
the operator might first determine
logic levels by taking high and low
values of Viy from the data sheet,
setting the matrix so that the input
voltage V¢c and ground are on
the correct pins, and monitoring
the output pin while the corre-
sponding input pins are being
switched between the high and low
values of Vix. This operation veri-
fies V1, determines the logic oper-
ation, and gives high and low out-
put swings. Two other operations
are required for input and output
current.

Since the 999 gives actual values,
the user can determine when a
circuit might be of marginal use,
or determine trends in a given
batch.

Swinging clock. The 999 does
not provide a frequency generator
to sweep voltages. Instead, its
100-kilohertz clock swings between
the actual logic limits of the pack-
age. For another $495, a buyer can
have Beckman’s 9010 frequency
generator, which does provide the
voltage sweeping function. The 999
also has a plug for more precise
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You can record up to 1 million bits on 1 sq. in. of
magnetic tape with our exclusive recording tech-
niques and still get that same high guaranteed error
race. Tape speeds are reduced over 10 to I, t00.

eal-time capabilicy.

We call the whole thing HDDR* high density digi-
tal recording.

You’ll call it a necessity.

Ask us at Leach Corporation—Controls Division, 717

North Coney Avenue, Azusa, Calif. LEACH
91702 Telephone (213) 334-8211

In space you get the fastest data dump possible over

a telemetry window. Airborne you store more in less. 1
(For example 200 million bits in under srcu. in.).
And on the ground “on line”, your transfer ratc’s

10 to 20k
bits/in./track

and errors,

less than 1 in 108
Thisisa high .
density recording.



Put VARISTORS

in your circuit

They will protect your components, limit
noises, and do all others to assure your

circuit works all right.

Select right one from varieties of SanKen

Silicon and SiC Varistors.

Silicon varistors

SiC varistors A ‘%\
11 types 27 types '

® SANKEN ELECTRIC CO., LTD.

1-22-8 NISHI-IKEBUKURO, TOSHIMA - KU, TOKYO
PHONE : 986-6151 CABLE: SANKELE TOKYO
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it costs you nothing
to call on experience:

Md,, Del., D.C., Va,, W.Va, N.C.
Valley Electronics, Inc.
Baltimore, Maryland
(301)668-4900; (202)659-1760

New England
Howard Jappe Company
Wakefield, Mass.
(617)245-9359

Pa. (except Pittsburgh), So.N.J,
Eastern Components, Inc.
Philadelphia, Pa.

Reeves-Hoffman design and manufacture
is 100% custom . . .
let us quote your needs!

* quartz crystals

(215)927-6262
New York (except N.Y.C.)
Midstate Research Sales Co.
Syracuse, New York
(315)478-8314; (315)478-0715
New York City, No.N.J.
G. M. Moch Company
Ridgefield, New Jersey

* crystal filters

* oscillators

(201)945-0080; (212)279-6758
So. California
Ash M. Wood Company
Arcadia, California
(213)283-1201; (213)287-0449
" No. California
L & M Engineering
Santa Clara, Cal.
(408)243-6661
fIl., Ind., Wisc., Minn,
PGM Sales, Inc.
Chicago, lllinois
(312)622-8183
Ohio, W.Pa., Mich., Ky,

* discriminators
* standards
% ovens

T(iAS_tate Markgting, Inc.
v REEVES- 0\ A

e HOFEMAN SBeal’ T N o, (oc.
ﬂ [, 4
[™ DIVISION OF DCA

Garland, Texas
A00 WEST NORTH STREET, CARLISLE, PENNSYLYANIA 17013

(214)276-7151
L Telephone 717-243-5929

Ariz.. N.M,, Las Vegas
Carter Associates, Inc.
Scottsdale, Arizona

(602)947-4355 ‘
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... cheaper to use discretes
in IC-tester circuits. . .
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Programer. Operator sets up test
conditions with contacts that are
pushed by hand over printed circuit
program boards.

external monitoring by an oscillo-
scope or a digital voltmeter.

The inside of the Beckman box
is, as onc might suspect, simple
to the point of bareness. The 10-
pound instrument contains four
power supplies, control logic for
the matrix, current sources and
sink circuitry, the 100-khz clock
(with 20-nanosecond rise and fall
time), and metering circuitry. Only
the clock contains integrated cir-
cuits; elsewhere, Beckman found
it cheaper to use discrete compo-
nents. All power supplies are cur-
rent-limited, so that is is not pos-
sible to burn out a circuit under
test without really trying.

The cost of 1c’s depends on how
many and what kinds of tests the
manufacturer runs, so it’s to the
advantage of users to make some,
if not all, of the tests themselves.
The 999, with jts fast programing
method, should find wide accept-
ance, especially with smaller com-
panies.

Specifications

Ve +5 v *=2%, 0-200 ma
+12 v 2%, 0-200 ma
1 to 10 v, 0-200 ma
Current source

and sink 50 ua to 100 ma, adjustable
in 3 ranges
Clock 100 khz (internal)
Vin High, d-c to 1 Mhz (external),

0 to 10 v adjustable; 0 to 50
ma; low, 0 to 10 v adjustable,
0 to 50 ma

0 to 10 v £29%; 0 to 25 v
*+2%; 1, 10, and, 100 ma

Meter ranges

full scale

Power 114/23 v a-c, 50 to 1,000 hz,
10 w

Operating

temperature 0 to 50°C

Dimensions 1615 x 7 x 12, in.

Price $495

Delivery 4 weeks

Beckman Instruments Inc., Instruments
Division, 220 Wright Ave., Richmond,
Calif. [378]
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When
you hold a

MINIVERTER
in your hand

... You'll have a 16-channel multi-
plexer, sample-and-hold and 10-bit,
100 KHz analog-to-digital converter
for under $2,000.

Raytheon Computer’s new MINIVERTER packs
a muitiplexer, sample-and-hold amplifier
and ADC into just ten 1C modules. The
MINIVERTER (or the ADC) is as-
sembled and pre-wired, ready to
plug in and use. ® Two more new
analog 1C modules make up a 10-
bit digital-to-analog converter. ®
These instruments arc built from
Raytheon’s standard M-Series IC
modules and there’s a whole
stockroom full of compatible
systems hardware. More than
40 analog and digital modules,
power supplies, three different
chassis—all so thoroughly
engineered all you do is design

’ your logic. m Our literature
is almost as exciting as our
products. Write or call today.
Raytheon Computer, 2700 South
Fairview Street, Santa Ana, Cali-
fornia 92704. Phone: (714) 546-7160.

Test points in
module handles.

The MINIVERTER /
comes in a compact

10-connector block. Plug a 16-channel

MINIVERTER into an
MC-40 case and you’ve still
got plenty of room for expan-
sion and logic. For fast system |
assembly, module connectors

These three cards make up the come in blocks of 10, 30 and |

_ADC‘ An 0pt'0na| fourth card 40. Power and analog and
is a DC power supply that runs digital ground are available in
on + 5 volts and provides all module cases via laminaled bus
necessary ADC power. bars. And you can have auto-

matic wire wrap if you wantit. _| —— o
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Solid State5S Channel

VHF Preamplifier

Model A2415A covers the
frequency range of 225-260 MHz.
Each of the five identical channels
has a gain of 31 db and maximum
noise figure of 2.5 db.

- Model A2415A

Specifications

Frequency range.............................. 225-260 MHz

Bandwidth. ... 35 MHz at 1 db points, centered at
2425 MHz

Noise Figure..............coveeieeicaece, 2.5 db maximum

Gain.._................ ...31db

Gain Variation _..#=1 db maximum

Gain Match...___........_ ... ...<=0.5 db gain difference between units

Differential Gain Stability...___....___... <#+0.2 db per 24 hours

Differential Phase Stability ...<=1.5° per 24 hours

Impedance.... ... 50 Ohms

Input VSWR.. ... . ...<1.5:1

OQutput VSWR._._____..._.. ... <1.5:1

Preselector Filters (part of unit)....... Minimum of 60 db rejection DC to
150 MHz and 370 MHz to 2950 MHz

Now at our new address to serve you even better.
815 Stewart Dr., Sunnyvale, Calif. 94086 (408) 732-0880
Manufacturers of Tunnel Diode Amplifiers{Mixers[Detectors|Telemetry Devices
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PHOENIX: ENVIRON N \TED INDUSTRIES

212

This NEW
40-page brochure
explains why
Phoenix is the

Prafil Genter
0l the
Sollhwest

For your FREE copy, write

Stanton Allen, Manager,

Economic Development Department
Room E-1, Chamber of Commerce,
Phoenix, Arizona 85004

PHOENIX

ARIZONA
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New instruments

Half an rfi receiver
is better than one

Meter probes receiver’s i-f
or video output to measure
offending signals

What's really the best indicator of
radio-frequency interference—a re-
ceiver whose operation is not up
to snull, right?

Honeywell Inc. is asking and
answering the question with an
unusual voltmeter that, in effect,
helps a recciver diagnose its own
ifi or other electromagnetic inter-
ference problem. As long as the
receiver’s video or intermediate fre-
quency falls between 10 kilohertz
and 65 megahertz, the instrument
can act as an rfi stethoscope. It is
connected to the receiver video or
i-f output.

According to St. John Martin,
one of the engineers who designed
it, the model 7870 metering panel
is the first ever built with such
capability. It is called a panel,
rather than an rfi measuring sys-
tem, since it can’t do the measuring
job alone. While the meter deter-
mines the intensity of interfering
continuous-wave signals, an oscil-
loscope or other external display
finds the peak amplitude of pulsed
signals, and the receiver itself is
tuned to determine interference fre-
(uencies.

Incorporation. One advantage of
making the receiver part of the
rfi-measuring  system is that it
keeps the receiver part of the an-
alysis loop. In some cases, this
could lead to more accurate correc-
tive measures for a specific receiver
at a specific site. The customary
technique of probing the clectro-

Add a receiver. Metering panel makes
receiver into an rfi instrument.
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WE'VE GOT OUR WINGS! Types IN4942, IN4944, IN4946, INA94A7 and IN4948
are ... ideal for use in high reliability airborne and missile power supplies. Semtech
Fast Recovery High Current Silicon Rectifiers offer maximum rectification efficiency
with high frequency power sources. Offering reverse recovery (typically) of 100 nano-
seconds up to 600 volts and 250 nanoseconds, up to 1000 volts PIV. Rated to
handle an average rectified current of one amp at 55°C offering extremely low leak-
age current of 0.1 micro-amp at rated PIV, 25°C.

TX and MIL Types

Fast Recovery Rectifiers

Meets MIL-S-19500/359 (USAF)

Semtech hermetically seals the rectifiers in rugged Alumina filled glass body (.275" long by .135” diameter).
Internally, equal area heat sinking is provided on both sides of the silicon
junction with tungstaloid pins that match the thermal expansion characteristics of the silicon. The junction
tungstaloid pins and solid silver (.030") leads are bonded above 900°C. Immediate delivery.

SEMTECH // CORPORATION

western Offices: 652 Mitchell Rd., Newbury Park, California, 91320 (805) 498-2111/ from L.A. (213) 628-5392 TWX: 910-336-1264
Central: 140 No. La Grange Rd., La Grange, illinois, 60525 (312) 352-3227 TWX: 910-683-1896
Eastern: 116-55 Queens Blvd., Forest Hitls, N.Y., N.Y. 11375 (212) 263-3115 TWX: 7 10-582-2959
European Sales: Bournes AG, Alpenstrasse 1, Zug, Switzerland (042) 4 82 72/73



difference...
SPECIFY

Now, you can enjoy space savings of up to 80%
without comprising electrical characteristics. |
Type LK capacitors are the little ones with tre-

mendous power. . . 4 times the life of MIL-C-25A,
Add to this superior resistance, better power
factor, improved resistance, wider temperature =
irange, and voltage ratings from 600 to 50,000 volts.

For the

© BIG FACTS

| on small capacitors,
write for
Bulletin LK today.

- Write for
new complete
catalog today!

) INC.

2620 N. Clybourn - Chicago 14, Hil.
DI 8-3735
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i-f OR VIDEO ) A-M
i- ATTEN - -
N UATOR DETECTOR
l m’;ggmcg 'BY-PASS SWITCH FOR
—— AVERAGE VALUE
SWITCH SPLITTER
PULSED CONTINUOUS-
SIGNAL WAVE SIGNALS
BIAS ADJUST _ |SLIDEBACK EMITTER PEAK EMITTER
T |pETECTOR FOLLOWER DETECTOR FOLLOWER
50-0 OUTPUT
TO EXTERNAL T
READOUT WETER

(oY

RANGE SWITCH
Xl - X10

Two detection paths. Pulsed input signals are measured with slide-back
detector. Either the peak or average value of continuous-wave signals can

be measured in second detection circuit.

magnetic environment with inde-
pendent instruments takes the re-
ceiver out of the loop. Also, the
field engineer would have less to
lug, since the metering panel
weighs only 9 pounds.

Honeywell, however, expects to
find the widest acceptance among
operators of rfi testing laboratories
and receiver manufacturers who
want to stretch the usefulness of
existing  general-purpose  units.
They’ll be able to convert standard
receivers to tuned voltmeters and
signal-strength meters, and meas-
ure the susceptibility of receivers
to electromagnetic interference.

Field or lab, the main attraction
is being able to put together a
wideband instrumentation system
for a small fraction of the price
of conventional 1fi measuring
equipment. Honeywell plans to
charge only $600 for the metering
panel.

Signal splitter. Signals enter
through a switch adjusted to match
the meter’s input impedance and
the output impedance of the re-
ceiver’s video or i-f stage. The op-
erator sets an input attenuator so
that high-level signals will not
overload the measuring circuitry.
Input levels can be as low as 20
microvolts, and gain can be varied
as much as 25 decibels. One more
step completes signal conditioning
—removal of the carrier frequency
added to the unknown signal by
the receiver. This is done with an
amplitude-modulation detector.

The input signal then passes
through a wideband amplifier to

a signal splitter, If the input is
pulsed, it goes to a slide-back im-
pulse detector; if it is continuous,
it goes through an r-f voltmeter.

Forward and reverse. The slide-
back detector is essentially a re-
verse-biased diode. The operator
adjusts the bias voltage until it
just cancels the input signal. The
cancelling voltage is thus a meas-
ure of the input signal’s threshold
voltage. If the operator wants to
determine pcak amplitudes, he
nulls the signal as usual and sub-
stitutes a calibrated signal source
for the unknow input. Then he in-
creases the signal level from the
generator until the bias voltage is
overcome and an output appears
on the external display, such as an
oscilloscope.

A continuous-wave input goes
from the splitter through an im-
pedance matching emitter-follower
circuit, a peak detector, another
emitter follower, and a low-pass
filter on its way to the indicating
meter. A front-panel switch by-
passes the peak detector if the
operator wants to measure the av-
erage value of the signal. Another
switch changes the meter’s sensi-
tivity by a factor of 10.

Specifications

Frequency range 10 khz to 65 Mhz

Input level 20 microvolts

Input impedance 50, 93, 300, and 600 ohms
Gain adjust 25 db

Video output 2 v rms, into 50-ohm load
Weight 91b

Size 3% x 19 x 8 inches

Price $600

Honeywel!l Inc., Test Instruments Divi-
sion, P.O. Box 391, Annapolis, Md.

21404 [379]
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The new series 1000 from AAI tests integrated circuits at a rate of about 180 tests per
second. At this speed, crisp, clear readout is imperative. That's one of the reasons AA|
specified |EE rear projection readouts. It's the World’'s most readable readout, because
of the exceptionally bright, single-plane display.

AAl also wanted a readout as attractive as their circuit tester. In addition, they needed
displays in various sizes, colors, symbols, characters and words. This they could only
get with rear projection readouts. And this they got with the IEE Series 340, 120 and 10.

If you design, manufacture or market a product requiring visual display. specify
|EE readouts. They can’t be matched for readability, aesthetics or versatility. That's what
AAI discovered.

The Rear Projection Readout: When a lamp at the rear of the readout is lighted, it
illuminates one of 12 film messages, focuses it through a lens system,
and projects it onto the front viewing screen. The displayed message
is clearly projected on a single plane, with no obstruction from
unlighted filaments. It is extremely versatile, since anything that can
be put on film can be displayed on an IEE readout.

“|-Double-E,” the world’s largest manufacturer of rear
projection readouts. Industrial Electronic Engineers, Inc.,
7720 Lemona Avenue, Van Nuys, California 91405.
Represented in principal cities around the world.

' = “When yowre testing
6,000 circuits an hour,
readout makes the difference.”

Raymond W. Wells, V.P. & General Manager. AAl Pacific Division

Rl

piun

I 40999V
854 = a

Electronics | September 18, 1967 Circle 215 on reader service card 215



you buy HF COUNnters,
we have news for you.

ystron-Donner makes advanced counter
strumentation that has no equivalent
the HP catalog. That's why it
Bays to check with Systron-
Nonner before you buy. You'll
ind equipment with unique
apability like:

A plug-in that will extend your counter’s frequency
hinge to 15 GHz — measuring FM and pulsed RF
s well as CW and AM. The only way to get the full
c to 15 GHz range in one cabinet. No calculations.
isplays final answer.

-~
3.

o "ul O 2. Plug-ins that produce automatic
TR .{“ZY_"' ) readings of microwave frequencies.
) ) 3 : By far the most compact and

. economical equipment for
3. “Thin Line” counters that take only 13" producing automatic readings
of rack space. Built with ultra-reliable : in the 0.3 to 3 GHz band
integrated circuits to give you automatic 9 or the 3 to 124 GHz band.
frequency measurements — dc to 100 MHz
or 0.3 to 124 GHz.

These are the highlights of expandable

systems that will make just about

any measurement possible with counters.

The accuracy of our basic 50 MHz Send for catalog.
and 100 MHz counters is unsurpassed. '
(Time base aging rate is only 5 parts in

101 per 24 hrs.) All devices to extend

the range or add functions are convenient

plug-ins — not rack mounts. The newest

are a prescaler to extend counter

range to 350 MHz and a heterodyne

converter to measure noisy signals

in the 0.2 to 3 GHz range.

Are you surprised that Systron-Donner

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

SyYSTRON &3 TJp DONNER




New Subassemblies Review

Frequencies from below 200 khz
to above 220 Mhz are amplified
linearly more than 50 db to power
levels up to 400 watts by the
M404A laboratory amplifier. No
tuning is needed. Applications in-
clude communications systems, rfi
tests, antenna research programs,
and nuclear magnetic resonance
work. Instruments for Industry
Inc., 151 Toledo St., Farmingdale,
N.Y. 11735. [381]

Battery - operated  preamplifier
series PA uses a noise-canceling
circuit and features an rms-in-
tegrated broadband noise level
below 10 av. Input impedance fs
1,000 megohms; frequency range,
0.2 hz to 100 khz. Models are
available in fixed gains of 0, 10,
20, 40, and 60 db, and variable
gains of 0 to 20 and 20 to 40
db. Agac-Derritron Inc., 600 N.

Bidirectional reader/spooler model
RRS-502B features a 500-char-
acters/sec reader and a 50-in./
sec spooler equipped with 10%/a-
in. diameter reels. Panel height
is 21 in. Price is $3,580 in small
quantities, with discounts for
higher quantities. Delivery is 10
weeks. Remex Electronics Division,
Ex-Cell-O Corp., 5250 W. EI Se-
gundo BIvd., Hawthorne, Calif.
90250. [382]

Analog multipliers 610T(A) and
610T are for use in high-speed
data-reduction systems. The 61-
OT(A) accepts 2 signals in the
range of 0 to =5 v and its out-
put is 1/5th the algebraic prod-
uct; the 610T accepts signals of
0 to =10 v and its output is
1/10th the algebriac product.
Bandwidth is 500 khz minimum.
GPS Instrument Co., 188 Needham
St., Newton, Mass. [386]

Stabil-ac is a 14-0z d-c/a-c in-
verter that provides 400-hz out-
put with ripple-free, low-noise
characteristics. It is used with
airborne, synchronous servo equip-
ment. Frequency stability s
=0.25%. Adjustable output
(=1%) compensates for mechani-
cal tolerances in users’ equipment.
Price is $375 in quantities of 1
to 9. MIL Associates Inc., Dracut
Rd., Hudson, N.H. [383]

H"r/
1300 I/DATA
INTERFACE

Parallel entry data from a wide
variety of devices is converted to
serial presentation for teleprinters
and card or tape punches by digi-
tal-data scanners called model
1300 Data Interfaces. Storage
can be included in the modular
designed units for automatic pre-
sentation of coded or informa-
tional data along with input data.
Humphrey Electronics Inc., Box
9143, Raleigh, N.C. [387]

Ten-channel  monitoring-recorder
system PI-8010 meets MIL-E-
16400 and will operate for 24
hours on a 10%z-in. reel of /z-
in.-wide tape. Audible monitoring
of any recorded channel s
achieved by switch selection.
Bandwidth capability is 2.7 khz;
a cueing system has forward and
rewind modes. Precision Instru-
ment Co., 3170 Porter Dr., Palo
Alto, Calif. [384]

Heavy-duty, solid state supplies
series PSR-500 deliver continu-
ously variable 500-w outputs with
regulation of line or load to less
than 1%, no load to full load.
Ripple is less than 1% at max.
rated current. Three models are
available: 2-32 v d-¢, 0-15 amps;
2-55 v d-¢, 0-10 amps; and 2-125
v d-¢, 0-5 amps. Electro Products
Laboratories Inc., 6125 Howard
St., Chicago. [388]

Henry St., Alexandria, Va. [385]

New subassemblies

Strain-gage readouts go all-electronic

Tumbling prices of integrated circuits enable digital system
to compete with electromechanical devices in process control

Time—in the guise of integrated
circuits—has finally caught up with
the strain-gage readout equipment
that is a basic building block in
numerous kinds of industrial con-
trol systems. For decades, the
readouts have had electromechan-
ical innards. Now the recadout is

~<—Circle 216 on reader service card

done with digital voltmeters.

To protect its position as a ma-
jor supplier of strain gage equip-
ment, and to improve readout
speed and resolution, BLH Elec-
tronics Inc. has come up with an
all-electronic system. The company,
a division of Baldwin-Lima-Hamil-

ton Corp., considers it the first off-
the-shelf electronic readout.

A year ago, explains Jack Joyce,
instrumentation product manager
at BrLu, digital voltmeters costing
less than $1,000 started appearing.
“And now, one company is talk-
ing about a three-digit unit for
$289—that’s cheaper than a good
panel meter.” In the new system
a dvm replaces the customary ana-
log meter.

Do-it-yourself. Users have becn
putting together their own elec-
tronic systems, but until now the
off-the-shelf market consisted of
null-balance devices, Joyce points
out. Null-balance readouts are sct

217



VACTEC

announces a hew line of

VACTROL Lamp-Cell Controls

ACTEGE
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Now Lb5v, 6v, and two 10-volt Vactrols are  tone control for TV, radio, guitars, organs, and
available for electronic amplifier applications. oth.er.musxcal instruments.
Combines a dependable Vactec photocell with ~ Unit is protected by an epoxy sealed metal

the proper long-life incandescent lamp in a  enclosure. Leads are spaced on .100” centers
complete low-cost module for circuit board mounting. Special characteric

P i designs available for unique applications.
Provides noiseless, trouble-free volume and  Write for Vactrol Bulletin PDC-4C 1.

See Vactec's listing in EBG under "'Semi-Conductors,”
VACTEC IN c and in EEM, Sec. 3700.
’ .
/ 2423 Northline Ind. Blvd. ¢« Maryland Hts., Mo. 63042 « AC 314, 432-4200
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You name the meter.
Idéal has it.

(or we'll make it for you)
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MILAMPERES

If one concentrates long and hard cnough on
pancl meter development and engincering, one be-
comes expert.

IDEAL meters are used by all the Military and by
leaders in defense and industry. For everything in
meters—ruggedized or commercial, custom and
stock, 12" to 7"—you can count on IDEAL, the
proven leader.

Write for frec 32-pg. catalog. Ideal Precision
Meter Co., Inc., 218 Franklin St., Brooklyn, N.Y.
11222, (212) EVergreen 3-6904.
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“...servosystems will be
obsolete by 1968..."

manually, or by a servomotor, am-
plifier, gear train, and counter, to
provide an odometer-type readout.

At $1,500, the new all-electronic
model is priced competitively with
the electromechanical svstem and
has better resolution and higher
readout speed. “Our servo-type
systems will be obsolete by 1968,”
Jovee predicts. Two years ago, he
says, an electronic system would
have cost $5,000 to $6,000.

“We are now able to build d-¢
amplifiers that operate in the micro-
volt region with excellent stability
and  temperature  coefficients.”
Load cells using strain gages as
sensors operate on the Wheatstone-
bridge principle, and the signal
conditioning of the millivolt out-
puts from the sensors must be
stable and linear to produce an ac-
curate reading.

The 800-system design stresses
versatility. Plug-ins will be avail-
able so the basic system can handlc
outputs of wire, foil or semicon-
ductor strain gages, and special
transducers. In each case, the sen-
sor output will be read directly on
a digital display.

Others in the works. By the time
the series is complete, says Joyce,
the company will have developed
a strain-gage data acquisition sys-
tem. The system will use switching
and balancing units, and a scanner
drive, so that it can feed 200 time-
shared data channels. The user
can attach a printer or a card-
punching machine to the system, or
feed the data directly to a com-
puter. The binary-coded decimal
output of the system is a natural
input to computers, Joyce points
out. Loop-closing low- and high-
power analog outputs are also
available to drive valves and other
control equipment.

Specifications

Input impedance 1 meg min.
Gage factor 0 to 10
Gage resistance 60, 120, 350, 500, and
1,000 ohms
Gage excitation 5=+ 1vdc
2+ 05vdc
Output signal Oto=*10v at2 ma
Bandwidth 10 khz
Readout 4-digit and bcd output
Size 5% x 17 x 19 5/16

Power requirements 115/230 v, 60 hz

BLH Electronics Inc., 42 Fourth Ave.,
Waltham, Mass. [389]
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Challenge In Microelectronics

You'll find it at Delco Radio in a variety of research/development
and manufacturing programs. Rapid expansion of microelectron-
ics and silicon device projects has created new career opportu-
nities for the B.S., M.S., Ph.D. in Chemistry, Electrical Engineering,
Mechanical Engineering, Metallurgy, Physics, Physical Chemistry,
and related fields.

Research and Development Programs in:

Linear and digital circuitry, embracing monolithic . . . thick

film ... thin film . .. and hybrid microcircuits

Siticon transistors from low power 10 milliampere through 25
ampere; voltages to 1200

High frequency transistors to 1gHz
Thyristors from 50 millampere through 500 ampere, 2000 volts

Silicon rectifiers from milliampere through 250 ampere, 3000
volts

Process Engineering Positions:

Unlimited opportunities in this area to develop and create new
processes for manufacturing germanium and silicon semi-
conductor devices, integrated circuits, and automobile radios.
inciudes development of automatic and semiautomatic fabri-
cation equipment, pilot line operation and general cost savings
investigations pertinent to semiconductor manufacturing.

Call us collect for an interview or more information. Area Code
317:459-2808. Ask for C. D. Longshore. Or send your resume to Mr.

Longshore, Supervisor, Salaried Employment, Dept. 105, Delco
Radio Division of General Motors, Kokomo, indiana.
—

DELCO RADIO

OIVISION OF GENERAL MOTORS « KOKOMO. INOIANA

An equal opportunity employer




NEW THERMOCOUPLE REFERENCES
WITH 25 CHANNELS ONLY $259.001

&

Thermocouple Reference

Now — ACROMAG Series 330 Thermocouple References with 25
channels of 0°C ice-point compensation for only $259.00, including
ALL 25 thermocouples! Uniformity 0.05°C, one-second warmup, easy
to use. Ideal for scanned TC systems, DDC, and laboratory use.
Series 340 References (150°F oven-type) with 25 channels for
$289.00! Series 320 Single-Channel 0°C References, AC powered,
for only $75.00! Stocked in ISA Types, J, K, T, R & S. Others to order!

Request Technical Data 32 . . ..
ACROMAG

INCORPORATED

30765 Wixom Road ® Wixom, Michigan 48096
Phone (313) 624-1541

Makers of Precision Instrumentation and Controls
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This announcement is neither an offer to sell nor a solicitation of an offer to buy
any of these securities. The offering is made only by the Prospectus.

NEW ISSUE

240,000 Shares

Wang Laboratories, Inc.

Common Stock
(50¢ Par Value)

Price $12.50 per Share

Copies of the Prospectus may be obtained in any State only from such of
the several underwriters as may lawfully offer the securities in such State.

White, Weld & Co. Tucker, Anthony & R. L. Day

Kidder, Peabody & Co. Smith.l Barnetyd& Co.
Incorporated ncorporate.
Bear, Stearns & Co. Clark, Dodge & Co. Estabrook & Co. Ha)l'den, Sttgne
Incorporated ncorporate

August 24, 1967
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New subassemblies

IC’s are disguised
as relay logic

Sophistication avoided
so technicians can
design own systems

“Stone-age electronics” is how one
engincer describes a series of
digital-logic modules designed as
building blocks of industrial con-
trol systems. “Elcctronics for tech-
nicians,” says a more charitable
engineer.

Raven Industries Inc., doesn’t
seem to carc what people are going
to say about its Wedge Logic mod-
ules. In fact, the company indicates
that the module format is a great
way of selling solid state logic as-
semblies in large quantities to cus-
tomers who care little about so-
phisticated circuit design.

Although they are built with in-
tegrated circuits and other semi-
conductor devices, the modules are
a replacement for the old-fashioned
relay-tree design. They are slow,
bulky, and cost about the same as
relay logic assemblies.

Call the electrician. A plant man-
ager who wanls something like a
small computer to control the op-
eration of a bank of machines
needn’t call in a consulting engi-
neer. Instead, he can call in the
company’s clectronics technician to
design the system, and the plant
electrician to wire up and install
the equipment in much the same
way as in the days before sophisti-
cated systems.

To make it easier for the tech-
nician-turned-designer, Raven In-
dustries avoided the use of NaxD
or NOor gates. The modules are
based upon Axp and or functions
that are comparable to relay logic.
This should, the company says,
allow “the painless development”
of special-purpose computers for
plant-wide control and monitoring
systems.

The fist-sized modules are keyed
to plug into standardized mounting
rails that accept 5, 10, or 20 mod-
ules. The rails arc equipped with
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Don't sit there
wishing your
support people .
knew more |/
electronics... |

Look over your men, Pick out a
few who are intelligent enough to
profit from more education in
electronics, ambitious enough to
work hard to get it. Send us their
names and addresses. We'll send
them complete information about
CREI Home Study Programs in
Electronics, tell them how these
programs have helped thousands of
young men increase their value to
their employers. We'll explain how
they can study at home, at their
own pace, on their own schedule

some of your men
may enroll. Why
not giveita try?

and getitin the
mail today.

without traveling to classes. We'll
give them the names of the more
than 80 leading scientists and
engineers who help us develop and
update programs related directly to
the needs of industry.

Yes, we'll do all that. If you're lucky

L e ——
Fill out the coupon URE'I

Accredited Member
National Home Study Council

CREI Programs cover these special-
ized areas of advanced electronics:

« Communications Engineering
Aeronautical and Navigational Engi-
neering  Television Engineering °
Computers  Nuclear Instrumentation
and Control » Automatic Control En-
gineering o Missile and Spacecraft
Guidance + Radar and Sonar Engi-
neering = Nuclear Engineering Tech-
nology e Industrial Electronics for
Automation « Computer Systems
Technology.

Founded 1927

of the

CREI

THE CAPITOL RADIO ENGINEERING INSTITUTE
A Division of McGraw-Hill, Inc.

Dept.1809E-2,3224 Sixteenth Street, N.W.

Washington, D.C. 20010

Gentlemen: The men listed at right are high school graduates
working in some phase of electronics. Please send them your
FREE book, “How to Prepare Today for Tomorrow’s Jobs"” and
complete information about CREI Home Study Programs.

And please send me the free brochure which tells how we can
use CREI Home Study Programs to supplement our educational
program for electronics personnel.

Name.
Title.
Company.-
Address.

City.

__Zip Code.
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Name. —

Address— O - i -

City. ____ State ____Zip Code

Name. e —— e I
Address___
City.

Zip Code.

Name_ —
Address
City.

Name_ -
Address
City.

_____ZipCode

Name. — = — — E——— =
Address___ — . -
City. State____Zip Code_
(Not enough room? Attach sheet of paper with additional names and addresses)
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DATALITES

Datalites offer a system of indication for computer, data
processing and other readout applications.

Datalites are ultra-miniature in size...can be
mounted in 3/8” clearance hole. Lampholders can /
be spaced in any center-to-center measuring from
1/2” up. %o Sl

508-4538-504 Holder
w/ 507-3836-1531-600 cartridge

=

Flexibility is provided by a choice of Neon or Incan-
descent light sources . .. with a wide range of lens
colors and/or legend presentations available.

Typical Datalites are shown. For the many pos-

sibilities open to you and your application—
ask for our latest 12 page Datalite catalog. T

Why not do it today!
s

50-8745-1531-504
{l1lus. approx. actual size) 4

SAMPLES ON REQUEST— AT ONCE— NO CHARGE
Foremost Manufacturer of Indicator Lights

DIALCO
DIALIGHT CORPORATION

60 STEWART AVE., BROOKLYN, N.Y. 11237 AREA CODE 212 497-7600

Circle 287 on reader service card

YOKE SPECIFYING PROBLEM?

ASK AN
EXPERT...

R SYNTRONIC

DEFLECTION

YOKE SPECIALIST

Since we make more types of yokes than anyone else, it's natural enough for
our team of experts to know more about yoke design, application engineering,
and quality control.

Specifying can be a challenging problem, and with this in mind, we put our
experience at your disposal. Don't hesitate to call or write us when you're
puzzled as to the right deflection yoke for your display.

INSTRUMENTS, INC.

[}
S ” Z 7 O”ZC 100 Industrial Road, Addison, lllinois
Phone: Area 312, 543-6444
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No mistake. Modules and the rails they
plug into are engineered to prevent
installation mistakes.

printed circuits for power distribu-
tion, spring-clip module retainers,
and cam clamps or wiring posts so
extra wiring can be added up front.
Any number of mounting rails can
be interconnected to form a large-
system panel.

Each module has a lamp that in-
dicates the logic state and, in effect,
acts as a hedge against installation
errors. The lamp also serves as a
maintenance aid. Trouble-shooting
can be accomplished without test
instruments. All module connec-
tions are labeled on both sides of
the unit to avoid confusion.

What's available. At present, 16
modules are available, including
AND, Or, and or-NOT gates with sev-
eral input arrangements, time de-
lays adjustable in three ranges be-
tween 0.04 to 25 seconds, memory,
five-bit counter, amplifier, reset, in-
put, and output. Special modules,
such as set-point inputs and spe-
cialized input and output func-
tions, are expected to be made
available soon.

The 1C’s are diode-transistor logic
(v1L), chosen in preference to re-
sistor-transistor logic because it has
higher noise immunity. A noise
immunity of 1 volt is needed in
an industrial environment, the
company says. Transistor-transistor
logic was rejected because pTL costs
less and is available from more
suppliers. The main virtue of TT1.—
which is high speed—wasn’t an at-
traction.

Raven Industries, P.O. Box 1007, Sioux
Falls, S.D. 57101 [390]
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If G. L. Collins, with 50
employees, and Uncle
Sam, with a jillion,
are both saving money il
with an ili Vendor
Catalog File on
Microfilm...

You can too!

Reduce engineers’ search time from hours to minutes...
An IRl Vendor Catalog File on Microfilm puts the infor-
mation your engineers need right at their fingertips. Be-
cause we make no charge to vendors, and microfilm

everything they have in print, IRl has more than 600,000
pages of vendor data including application notes, re-

liability tests, price lists and names of distributors
and reps.

IRl has the complete data from over 5000 ven-
dors — and it's updated every 60 days! This
unique data storage and retrieval system
enables you to eliminate your hard copy &
catalog library and builds new design,
specifying and purchasing efficiency. Cuts

file storage space as much as 98%, too. Users ranging
from Lockheed, to IBM, to NASA, to G. L. Collins Co. report
expanded use of standard items, improved parts selection,
development of multiple sources and a new high in integrity
of technical information.

The IRI system is tailored to your needs by adding the
vendors you want—at no extra cost! We start with a ba-
sic file of the most wanted information, update it regularly,

Wi and then—‘“personal-

: g = ize” the file by adding
the complete vendor
information you re-
quest at no cost to you
or the vendor. Small
wonder more than half
of our recent installa-
tions replace less complete, less flexible microfilm systems.

Small wonder.

INFORMATION RETRIEVAL INCORPORATED
801 Welch Road, Palo Alto, California 94304
Another information service of McGraw-Hill

il

e

'\ ,"-..--lﬂa==
RS
PUOT FOL-U0 1

| ) o e
I

W
~ You can install an
IRl Vendor | | Catalog File onan
annual sub - scription for less
than the cost [ = of a file clerk. Field
testshave proven con clusively that the
installation of an IRl System can be justified
in plants with as few as fifty employees. Chances

are good that it can quickly justify itself in your plant.

It takes about 2 hours to demonstrate the IRl System
to your key people.But in much less time than that your
design, standards, quality control, drafting, receiving, in-
spection, and purchasing people will realize that an IRI
system is the next best thing to a raise in pay. We have
demonstration teams in most principal cities. To arrange a
demonstration, send the coupon today.

2300 pages of vendor data in a single cartridge. Bi-monthly updates add new
and revised vendor data. Historical data is retained in the file for reference.

__W-—"""

Information Retrieval Incorporated
801 Welch Road, Palo Alto, Ca. 94304
Dept. # B-39

[J I'd like to see a demonstration of the IRI Vendor Catalog
File. Have your representative call me for an appointment.

[0 i'm not ready for a demonstration at this time, but please
send further information.

Name — — —  — Title

Address

City State Zip
Telephone Ext.

Number of employees at this location— .

We [J have [J have not had experience with a vendor

catalog file on microfilm.

In addition to the Vendor Catalog File on microfilm we're
1 interested in [0 Mil Specs [J Mil Standards.

|
|
|
|
|
|
|
|
|
‘ Company
|
|
|
|
|
|
|
|



MIL-C-5018 D
37 CONTACTS

=0
— - i

L MINIPHI
A M

¥ AN
& 8

nlAAAA-. -l - . —_—

¢ Round metal shel

o Safety lock

e High performance e High reliability
o Highest contact density

o Lightest weight

Simple design based on proved techniques :

MIL-C-26482, NAS 1599, 7, 12, 19, 27, 37 or 61 crimp

or solder contacts 0.6 mm dia.

0-rings for watertight seal - conventional cabling accessories
Applications : Airborne, Space, Electronic

SOURIAUC*

headquarters : 9, rue Galliéni - BOULOGNE-BILLANCOURT - Seine - TEL. 408.96.23
plans : BOULOGNE-BILLANCOURT - LA FERTE-BERNARD - CHAMPAGNE - CLUSES

Agents : LYON, 231, avenue Jean-Jaurés - T4l 72.68.08

TOULOUSE, 10, boulevard Griffoul Dorval - Tél. 22.63.81

— SOURIAU ELECTRIC G.m.b.H. Dusseldorf {West Germany)

- SOURIAU ITALIANA S.p.A. Milan (Italy)

SOCIETE ELECTRIQUE BENELUX SOURIAU Bruxelles (Belgium)

SOCIETE ELECTRIQUE BENELUX SOURIAU NEDERLAND Rotterdam {Holland}
LECTROPON Ltd - Slough (Great Britain)

Agents in all countries

Ariane publicité C.1.66
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New Microwave Review

A uhf/f-m transmitter for aero-
space telemetry applications de-
livers 20 w minimum at S-band
frequencies in the 2.2- to 2.3-Ghz

range. The 3620-01 withstands
55 g shock, 20 g sine-wave vibra-
tion, and 30 g acceleration en-
vironments. Center frequency sta-
bility is within 2-0.003% under
all environmental conditions. Elec-
tro-Mechanical Research Inc., Box
3041, Sarasota, Fla. [401]

R R .

Ampornn-

A rising sun magnetron that de-
livers 5-nsec pulses of 95-Ghz
energy at 10 kw has a 3.2-mm
wavelength output. Output figure
of the DX287 lies in the center
of an atmospheric window where
the attenuation is much lower
than that at other frequencies in
the mm region. Duty cycle of
0.0002 allows repetition rates to
40 khz, Amperex Electronic Corp.,
Hicksville, N.Y. [405]

A line of waveguide isolators is
based on a patented design that
eliminates the external magnet.
Series covers 5,925-7,125 Mhz
frequency range. Units have 20,
30, or 40 db isolations with max-
imum losses of 0.5 to 0.8 db.
Bilateral vswr is 1.15 maximum.
Devices can be furnished with
magnetic shielding. E&M Labora-
tories, 7419 Greenbush Ave.,
North Hollywood, Calif. [402]

Miniature d-c block, model 754,
has a capacitance in series with
both the center and outer con-
ductors preventing a flow of d-c
current while permitting an unin-
terrupted flow of r-f power. Typi-
cal specifications at 6 Ghz include
a vswr of 1.20 max; insertion
loss, 0.25 db max; impedance, 50
ohms; and d-c voltage, 100 v.
Kevlin Manufacturing Co., 24
Conn St., Woburn, Mass. [406]

t

Reflex klystron oscillators series

EM-1149 are useful as pump
tubes for parametric amplifiers.
The 5,000-hr warranty tubes, op-
erating from 12 to 18 Ghz, are
available in 2 versions. One offers
an output of 1 w over a 500-
Mhz tuning range; the other, 1.5
w over a 100-Mhz range. The 7-
oz tube mounts in any position.
Varian Associates, 611 Hansen
Way, Palo Alto, Calif. [403]

model
1105 covers the 0.95 to 2.4 Ghz
range. The manufacturer’s Unidial

L-band signal generator

control system provides single-
band continuous tuning with digi-
tal frequency indication accurate
to +-0.5%. Frequency stability is
0.0008% per volt change in line
voltage and 0.005% per°C change
in ambient temperature. Polarad
Electronic Instruments Inc., 34-02
Queens Blvd,, L.I.C., N.Y. [4071

|

SN =

A remote coaxial switch, with 10°
cycles minimum lifetime, is a spdt
unit with a range of d-c to 12.4
Ghz. Isolation is 60 db minimum
over entirc range. Insertion losses
as low as 0.3 db from d-c to 7
Ghz and 0.6 db from 7 to 12.4
Ghz are claimed. SR-2 series
switches are available with N,
TNC, BNC, or RSM connectors.
RLC Electronics Inc., 25 Martin
Pl., Port Chester, N.Y. [404]

Shutter switch model SO50T op-
erates from 2.4 to 11 Ghz with
a vswr of less than 1.30. Inser-
tion loss is under 0.4 db, and
isolation exceeds 30 db in the
normally open position at 11 Ghz.
Switching time is 0.01 sec, op-
erating life greater than 100,000
cycles. The switch weighs 3 oz, is
15/8 X ¥ X 17s in. Bendix Micro-
wave Devices Inc., Farmington,
Conn. 06032. [4081]

New microwave

Hybrid IC’s win new support

X-band mixer is forerunner of commercial integrated circuit
line that will feature beam-lead devices on ceramic substrates

For openers in its play to become a
major force in the microwave inte-
grated circuit market, a chip smaller
than its model number—SYMS-
OOB—has been introduced by Syl-
vania Electric Products Inc. The
circuit, an X-band balanced mixer,
is the forerunner of a broad linc of
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mixers and other microwave IC’s
that will be appearing during the
next year or so.

The construction of the mixer
underlines the dominance of hybrid
IC’s in microwave applications. Its
clements consist of beam-lead semi-
conductor devices connected to

Dropout. IC can be replaced
in the field.

microstrip conductors and photoen-
graved passive components on an
alumina substrate. The substrate

225



FOR SALE:

HELIUM
NEON
ARGON
KRYPTON
XENON

(and other ultra-high purity gases
in glass bulbs and a variety of
high pressure cylinder sizes)

.
GAS MIXTURES

Mixtures of any number of gases
and volatile liquids in high pres-
sure cylinders—available in
these three grades:

e LINDE Primary Standard Grade
—prepared by weight to the
highest possible accuracy then
calculated to mole percent.

e LinDe Analyzed Grade — mixed
and analyzed to high laboratory
standards.

e Linpe Utility Grade — prepared
with a mixing tolerance of
“-10% and an analysis accu-
racy of ==5% of the minor com-
ponent. Available with or with-
out analysis.

Call (201) 925-8990—the direct

line to your LINDE lab gas special-

ist. Union Carbide Corporation,

Linde Division, 2365 East Linden

Avenue, Linden, N.J. 07036.

LINDE is a registered trademark of Union Carbide Corporation

" UNION |

CARBIDE
GAS PRODUCTS
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.. . replaceable chip
eases repair . ..

measures 0.7 by 0.5 inch and is |
0.02-inch thick. The coaxial package |

is only about an inch square.

The beam-lead devices in the
initial circuit are matched Schottky-
barrier diodes. The leads are
welded to the conductors on the
substrate. Other beam-leaded semi-
conductors, for other circuits, are
being developed. Unless another
company steals a march on Svl-
vania, the mixers will be the first
commercially available microwave
1c’s with bheam-lead components.
Engineering samples of the mixer
will be available in about two to
three months and production will
begin late this vear.

Throwaway chip. The 1c chip is
designed to be thrown away to re-
duce receiver maintenance cost.
Mixer burnout sometimes plagues
receivers, so rather than substitut-
ing an entire mixer, the nser would
merely replace the circuit, diodes
and all, and reassemble the coaxial
package.

This feature exacts its price in
performance, however. Voltage
standing wave ratio (vswr) is high
—about 2 to 1. Sylvania engineers
aim to lower it to perhaps below
1.3:1 by redesigning the circuit
board and improving 1c-coaxial con-
nector interfacing.

Noise is also higher than desired
at § decibels over-all between 9
and 10 gigahertz. This also is to be
reduced; 6-db noise figures have
already been achieved in the lab.

What's new? After the first X-
band mixer is delivered, units for
lower and higher frequencies
should follow quickly. Sylvania’s
aim is a mixer line extending from
the ubf (below 1 Ghz) to Ku-band
(153 to 17.2 Ghyz).

Problems to be overcome lie in
microwave-frequency filter design.
Alumina substrates make high Q’s
hard to attain and thus, filters with
sharp bandpass characteristics are
difficult to come by. Microstrip 1c
construction also makes couplers
(power dividers) difficult to build.
Even though Sylvania can achieve
linc-edge tolerances below 1 mil, a
3-db coupler that couples at exactly
3 db is a rare thing.

Beyond Sylvania’s mixers loom

more complex subassemblies. Work |

Fiberfil High-Performance FRTP’s in Action

PC Correed switches with Nylafil bobbin by
Automatic Electric, Northlake, Illinois. Molded
by Mayfair Molded Products, Schiller Park, ilii-
nois,

Automatic Electric
Switch has
Nylafil” Bobbin

Low moisture absorption, strength
stability and heat resistance

Automatic Electric’s unique dry rced switch
is housed in a bobbin injection molded from
‘Fiberfil Nylafil (fiberglass reinforced nylon).
The ¥FRTP material has high mechanical
strength and heat resistance, as well as low
moisture absorption and dimensional stability
...all important properties for switches used
in electronics industries.

Nylafil is just onc of the many fiberglass rein-
forced thermoplastics, pioneered and developed
by Fiberfil. There is a full line of familiar struc-
tural plastics such as ABS, polystyrene, styrene-
acrylonitrile and others, all incorporating glass
fibers in the molding compound to give the
molded part greatly improved physical proper-
ties.

Compare Physical Properties

Unrein-

Nylafil
Property Unit f,?;f:: G-2/30
Type 6-10  (type 6-10)
Tensile Strength PS| x 1000 8.5 19.0
@ 73°F
Izod Impact Strength  Ft. Lb./In. 1.2 2.5
@ 73°F
(V2" x 12" bars)
Water Absorption % 0.4 0.2
4 hrs.,
Coef. Linear In./In./®F 5.5x10-5 1.33 x10-5
Thermal Expansion
Heat Distortion Temp. OfF 300° 4370
@ 66 PSI

FRTP's were pioneered and patented by Fiber-
fil, so only Fiberfil can give you complete tech-
nical data, practical experience and a full line
of reinforced materials. Send for your free copy
of the Fiberfil Engineering Manual. Fiberfil Div.,
Rexall Chemical Co., Evansville, Indiana 47717.

FIBERFIL

Fiberglass Reinforced Thermoplastics
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Authoritative. Accurate. Current.
Computer programming makes its entire contents
as current as the week it went to press.

Comprehensive. 2,000 pages, 126,000 items.

Including a complete list of trade names.
Easiest to use. Organized for speed. Locate

products and their sources in one reference.
In wide use. An industry standard. Makes
phone to phone discussions more efficient.
Valuable. £BG can help you save time. Make
more profit for your company. Meet deadlines.
Improve products. Use it often.

L] , *
Electronics Buyers’ Guide
A McGraw-Hill Market Directed Publication, 330 West $2nd Street, New York, N. Y. 10036

integrated
product listings—
product sources and
specifications in
the same section.

color
coded readouts-
yellow section for
product, green section
for manufacturers
and trade names.

A

N

coming this fall...

The
Black box

Explosion

e

wide band
coverage-—
EBG lists over
4,000
products and
cross references:

more than 6,000

pull hé;e

%
/)/

shelf mounting~

DA manufacturers.
keeps an entire industry
within arms length.
current
operation-—
computer programming
makes EBG the industry’s computerized
most up-to-date dimensions -

computer programming
provides cross references,
eliminates duplication.

directory.



CONSIDER COLORADO [ INDUSTRIAL COLORADO

- .. where the voice of the people backs business ... With progres-
sive legislation. With a receptive attitude. From grass roots to State House.

Consider bipartisan legislation conducive to business and industry in
the State. Valuation for assessment of finished goods destined for out-of-
state delivery reduced to 5%. Valuation of all inventory—raw materials,
goods in process and other finished goods—to be reduced in 5%-per-year
steps from the present 30% to 5% in 1972. Establishment of a Business
Development Corporation to assist in financing industrial projects in Colo-
rado. New legislation authorizing cities and counties to issue revenue bonds
to acquire, improve, and equip industrial projects for lease.

Consider the receptive electorate whose desire for industrial and com-
mercial progress is reflected by their elected representatives. People in
metropolitan areas who want continued growth. People in smaller commu-
nities who welcome new industry. Colorado communities with fully improved
industrial development areas.

If a progressive public attitude reflected by state government is im-
portant to your business, consider Industrial Colorado for your expansion
or relocation.

D-865

Bipartisan legislation and budget control by Colorado’s
elected officials reflect the public’s progressive attitude to-
ward business and industry. Write for a complimentary copy
ofIndustrial Colorado, arevised-to-the-minute, factual, spiral-
bound portfolio. It covers important considerations pertinent
to plant expansion or relocation in any part of the State.
Address inquiries to Ronald D. Lemon, Director, Industrial
Research & Development, Division of Commerce and Devel-
opment, 46 State Services Building, Denver, Colorado 80203.
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... l-owill be added
and combined with mixer. ..

has already begun on a combination
of a mixer and intermediate-fre-
quency amplifier. Marvin Groll,
marketing manager for microwave
devices, also predicts a mixer will
soon be combined with a local oscil-
lator.

Certainly the groundwork is be-
ing laid. Brian Dale, chief engincer
at Sylvania’s semiconductor prod-
ucts facility has men working on
transistors, p-i-n diodes, and varac-
tor diodes—all in beam-lead con-
figurations and suitable for receiver,
local oscillator, or frequency multi-
plication applications. Meanwhile,
Arthur Solomon heads an effort at
the same plant that will take advan-
tage of Dale’s semiconductors and
develop such components as sput-
ter-deposited loads and termina-
tions for microstrip circuits.

Specifications

Frequency range 9-10 Ghz
Noise figure, including
1.5 db IF noise 8 db
Mixer type double balanced
VSWR about 2:1 max.

Sylvania Electric Products Inc., Semi-
conductor Division, 100 Sylvan Rd.,
Woburn, Mass. 01801 [409]

New microwave

Tiny switch couples
IFF antenna pairs

IC’s that can handle
3-kw peaks to replace
mechanical switches

Work that proved too arduous
for mechanical switches—shuttling
kilowatts of power between aircraft
antennas—doesn’t faze a hybrid
integrated circuit. The circuit, de-
veloped under an Air Force con-
tract, was designed for use in IFF
(identification friend or foe) trans-
ponders.

Microwave Associates Inc. plans
to offer such i1C’s to companies de-
signing microwave systems with 1rF
capability. It will also sell them off
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JUST CUT TO PATTERN = FREE
Netic & Co-Netic Magnetic Shields TECHNICAL

HAND FORM M I cA

IN SECONDS | 2%~ " | MANUAL K-

T gives electrical and physical

A great convenience to design engineers,

packaging engineers, R/D, etc. A fast inex-  Module Shielding Roed Relay data on all types of mica
pensive empirical tool to determine and i i~
Sieid the necessary components of ey [ el Kk bty s
tems. Use multiple layers if needed. Thick- ' mica.

nesses from .002”. Also widely used in
automated or manual production line tech-
niques.

Netic attenuates high intensity fields,

Pre-punched insulating wafers to
electrically isolate transistors,
diodes, etc. from heat sinks.

Corrugated mica to reduce handling

Co-Netic low intensity fields. Permanently s a e

Pre-Annealed. Not affected by bending, \s,_ér > alnd fattmcatlon costs for thermal

vibration or shock. Minimum retentivity. In- — ST e TY TR G, .

creases systems reliability. W et eellacg aones All grades of mica offered.
Immediate delivery from stock on
many items.

MAGNETIC SHIELD DIVISION B ™ pereecrion mica co.

1322 No. Elston Ave.

Perfection Mica Company
1322 N. ELSTON AVENUE, CHICAGO, ILLINOIS 60622

CORIGINATORS OF PERMANENTLY EFFECTIVE NETIC CO-NETIC MAGNETIC SHIELOING Chicago, lllinois 60622

Phone: 312, EV 4.2122
Circle 308 on reader service card Circle 290 on reader service card

3 THUMBWHEEL SWITCHES  No down-time
VL o B i in rotary

» Available with Internal Lighting MIL-L-25467A.

switches

4 Py .‘ Switch Modules provide Complete

3 o Protection against hostile environ.

.y .8 ments because both panel and

| - switching elements are separately
LR | sealed.

Aluminum Bezel has no visible il

screws when rear-mounted on |
miniature and standard type |
switches.

Unique 5-second wafer replacement obsoletes
other switches. Simply lift out old wafer, slip in

Permanent wafer type miniature new wafer. No unsoldering . . . no disassembling
decimal switch modules for limited : .
... No wire removing.

panel space applications.

CDI patented switches with dust covers are available in
sizes 2" x 2", 3" x3"”, and 4" x4" with lengths to
accommodate up to 36 wafers. Switches can be custom-

Removable wafer type switch mod- a 3 =

ules for applications where mainte- ik imeditelyollrispeciiations: . ‘
nance time is valuable and rapid X Operation may be manual, motor or solenoid for use in
servicing is required. B “ any rotary selector switch application. Now supplied for
TABET U.S. Patent 2,841,660 g numerous military and commercial applications.

Mid. under Tabet U. S. Patents 2,841,669, 2,971,066, 3,015,000, 2,956,131, 2,988 607.

CHICAGO DYNAMIC INDUSTRIES, INC.

PRECISION PRODUCTS DIVISION 1725 Diversey Bivd., Chicago, Illinols 80614 Phone: WEIllington 5-4600
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SOLIDICARBIDE

CIRCUITRBOARDADRILLSEY,

. . . for every circuit board
drilling need

Precision to maintain location and
hole size tolerances to close limits.
Permits ultra high speed drilling at
feeds up to 15 feet per minute.
Design features include four facet
point configuration and very fine
flute finish. Drill point concentric
to drill diameter within .0005”.

STANDARD CIRCUIT BOARD
DRILLS...Standard design with flute
and shank same diameter. For use
on any type production drilling from
single board to high volume, stacked
drilling tape controlled set-ups.

the shelf. The application the Air
Force had in mind when it gave
the company the development con-
tract was radar-beacon assemblies
for the military portion of the na-
tional air traffic control system
planned for the 1970’s [Electronics,
July 24, p. 141].

The circuit acts as a single-pole,
double-throw switch between a
transponder and two antennas.
Some aircraft equipped with 1FrF
have antennas on each side so the
planes do not screen themselves
from interrogating ground stations.

Replacements. \When the Air
Force decided that 1c’s were the
way to better reliability in micro-
wave equipment, the natural start-
ing place was switching circuits.
There was a great deal of dissat-
isfaction with mechanical switches.
In some aircraft, solid state circuits
are already replacing mechanical
switches. And, plans call for the
eventual use of 1C’s.

“A building block toward total
integration” is how Willjam ].
Moroney, semiconductor develop-
ment manager at Microwave Asso-
ciates, views the switch. Circuits

that are more difficult to design as
IC’s can be built around it later, he
says.

Beating the heat. At the power
handled, heating can be trouble-
some. To minimize thermal effects
on performance, organic materials
were ruled out of the circuit be-
cause of their characteristics.

The thick-film hybrid is built on
an aluminum-oxide substrate. After
the circuit pattern has been photo-
graphically defined, including main
transmission line and bias termina-
tions, silver is sprayed on the trans-
mission-mode microstrip. Thick-
film capacitors are then deposited
for biasing purposes. These consist
of high-dielectric-constant  glass
coated on metalized pads and fired.
Metal is deposited on top, and a
coating of glass is added to protect
the capacitors. The p-i-n diode ele-
ments, which are then inserted,
consist of glass-coated silicon sand-
wiched between two metal pieces.

SERIES 125—14” SHANK DRILLS . . . Eliminate
need for drill bushings when used with precision
spindles and collets. Drill diameter to shank concen-
tricity is within .0003”. Common 14" shank for all
drill sizes ends need for collet inventory for each size.

For complete information write for Bulletin CB&6.

THE METAL REMOVAL COMPANY

1859 West Columbia Avenue < Chicago, lllinois 60626
Manufacturing Plants Located in CHICAGO/LOS ANGELES/SAN JUAN

\
LAY

)

I
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. MASTER TOOL AND WHEEL MAKERS FOR THE WORLD
- END MILLS/DRILLS / REAMERS / BURS / SPECIAL TOOLING

Circle 230 on reader service card

Our little black book has
over 100,000 phone numbers.

You never had a black book like it. Over 1,500 pages. And those
phone numbers! More than 100,000 telling you who to call/where
to go, for the over 4,000 different product categories listed and
advertised in the yellow pages of the Electronics Buyers’ Guide.
There’s never been a buyer’s directory like it. The new '68

edition will be coming your way in October.
Look for the book in the black box.

Specifications

. Frequency L band (390 to 1,550 Mmz)
EBG for ’68...bigger, better and Power switched 250 w average, 3 kw peak
more uscful than ever before. Duty cycle 0.001
Breakdown 600 v minimum

. (] (]
Electronics Buyers’ Guide voltage
A McGraw-Hill Market Directed Publication, . . .
330 West 42nd Strect, New York, N.Y. 10036 Microwave Associates Inc., Burlington,

Mass. [410]
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N ARISTO COORDINATOGRAPH WILL SOLVE YOUR
OST COMPLEX DRAFTING OR LAYOUT PROBLEMS

e fine family of Aristo Coordinatographs was designed specifically for those
erations where precision is a prime factor. Any drafting or layout Job can be
mpleted quickly and accurately with this multi-function instrument. Available in
veral models, from manually-operated to high-speed programmable, the Aristo

ordinatograph is the perfect tool for:

m Plotting coordinate points
for grids, templates and
irregular curves

W Preparing pencil, ink or
scribed grids

m Scribing artwork for
printed circuits

& Measuring dimensions and
coordinates of precision
layouts, charts, etc.

. «.and more

Write for free brochure

e\ TECH CORPORATION

=

— — In Canada: 31 Scarsdale Road, Don Mills, Ontario
Circle 291 on reader service card

Subsidiary of Charvoz-Carsen Corporation/12 Daniel Road, Fairfield, N.J. 07006

DRAMATIC REDUCTION

formerly 777 h. x 33"w. x 33"d.

now only

29, X17.. X177

3 KW Audio )

Power Amplifier

All other models similarly re-
duced...(but in size only!)
For instance, 10 KW Model,
formerly 78" h. x 78" w. X
36" d., now only 48" h. x 34"
| w. x 24" d. CML Audio Power
i Amplifiers produce tremen-
dous power in the smallest
packages. Wide frequency
range. Low distortion. ldeal
for CW and pulsed operation,
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A subsidiary of Tenney Engineering, Inc.

350 Leland Avenue -+

CML, Inc.

Circle 292 on reader service card

Plainfieid, New Jersey
(201) 754.5502 - TWX: 201-756-2064

ac