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A new bridge”

’? Redesigning something as basic as an R-L-C Bridge

is like reinventing the wheel. What more can be
done beyond just a face-lifting ? A lot. You can
always improve on basic old concepts by adapting
them to meet today’s needs. This is what
happened to the new GR1650-B Impedance Bridge.
After all, what did Wheatstone, Maxwell, and Hay
know about transistors ?

Oh sure, we're guilty of face-lifting too — we gave
the 1650-B a new, light look; but we also added
features that adapt the bridge to today's and
tomorrow's needs. For example:

Access has been provided to the bridge arm
opposite the unknown. An external capacitance
decade may be connected here to make a reactive
balance of inductive resistors. This is often useful
when measuring an amplifier's input impedance.
A conductance bridge has been added. It permits
direct readout in micromhos of parameters such as
hee. A simple test jig allows you to measure all the
transistor h parameters including input and output
capacitance.*

A convenient external DQ jack simplifies inserting
a dc blocking capacitor for incremental inductance
measurements of inductors carrying direct current.
A slow-motion dial drive has been added to ensure
fine accurate balances. The drive comes into use
during the final stages of balance.

DC sensitivity for low resistance has been improved
and the bridge transformer has been redesigned to
permit low-frequency measurement with less

drive power.

With all these additions, you probably wonder about
subtractions. There is one and it's in the price.
The 1650-B sells for $450 in the USA. That's $25
less than the price of its predecessor, the 1650-A.

*See General Radio Expenmenter
Ve e Nl T LV Y e W e '

What's old about this new bridge?
The features that made the 1650-A Bridge so

versatile have been maintained and strengthened:

Wide measuring ranges: C from 1pF to 1100uF,
series or parallel; L from 1uH to 1100H, series or
parallel; R from 1 mQto 1.1 M, ac or dc: G from
1 nanomho to 1.1 mhos, ac or dc; D (at 1 kHz)
for Cs from 0.001 to 1, for Cp from 0.1 to 50; Q

(at 1 kHz) for Ls from 0.02 to 10, for Lp from 1 to
1000.

4+19% accuracy for G, C, R, and L measurements
holds on all ranges, is not reduced at range
extremes, and holds from 20 Hz to 20 kHz.
Accuracy is only slightly reduced at 100 kHz.
Exclusive Orthonull® balance finder avoids false
nulls when measuring lossy components. The
bridge's DQ dial has now been color coded to
indicate when Orthonull should be switched in.
High DQ resolution and accuracy make for
accurate determinations of equivalent circuits and
network modeling for computer analysis. You

could almost call the 1650-B *‘computer software".

Battery operation for portability and isolation from
the power line . .. Solid state 1-kHz oscillator and
selective null detector . . . External biasing
provision . . . Useful for both two- and three-
terminal measurements . . . Flip-tilt case provides
protection and doubles as an adjustable stand.
For complete information, write General Radio
Company, W. Concord, Massachusetts 01781
telephone (617) 369-4400. In Europe: Postfach 124,
CH 8034 Zurich 34, Switzerland.

GENERAL RADIO
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Computers re big, expensive components.
Bit for bit, ounce for ounce, some are a bargain.

When you tie another man’s computer into your product
you're staking your reputation on his equipment. Your
reputation is worth shopping for. Naturally you want the
most for your dollar. Like reliability at 130° F.
Hewlett-Packard computers are designed for rugged
dependability—as well as high performance. All things
considered, they're something of a bargain.

We've been selling quality instruments to original
equipment manufacturers for years. We know the
problems. So we back our computers with excellent
training, complete service and our traditional war-
ranty. We’ll train your people or your customer’s peo-
ple in maintaining the computer and in using the
software.

We supply plug-in 1/O interfaces and the software
drivers for peripheral devices. You buy only the equip-
ment you need for interfacing your system. And you
tie it in with minimum engineering time because both
hardware and software are operational and fully
documented.

The 2114A pictured here measures 16% ”“x 124 "”x
22%2" including its power supply. It uses 16-bit words,
operates with 4K or 8K memory, and has a two micro-
second cycle time. Price: $9,950.

For more information about a computer that will live
up to your reputation, call your local HP field engi-
neer. Or write Hewlett-Packard, Palo Alto, California
94304; Europe: 54 Route des Acacias, Geneva.
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What would you call this
new Microwave instrument?

Our project engineer calls it a "microwave multimeter.

Our marketing people call it a ‘universal microwave test set
Our catalog calls it the HP 8410A Network Analyzer

You Il call it the answer to your measurement problems Here s why-

First, “it"” measures all these microwave parameters: gain/
attenuation and phase shift, i.e., complete transmission
coefficients; magnitude and angle of reflection coefficient
with polar or Smith Chart plots of impedance/admittance.
With “it,”” you can characterize active and passive compo-
nents or systems at single or swept frequencies.

Second, “it” features all these advantages: broad frequency
coverage from 110 MHz to 12.4 GHz; more than 60 dB
dynamic range with less than ten milliwatts drive signal;
swept frequency operation over octave bands with auto-
matic tuning; high accuracy and resolution; unparalleled
ease of operation.

“It" is actually a modular system: a signal-processing main-
frame with choice of two readout plug-ins; a wideband RF

Circle 2 on reader service card

converter unit; a full-range transmission test unit; and two
reflection test units for 0.11 to 12.4 GHz coverage.
Whatever you measure with “it,”” you can do the job more
accurately, more completely, in less time, with less work
and fewer pieces of equipment at lower cost than ever
before. “It" is a designer’s dream.

The modules for transmission measurements, 0.11 to 12.4
GHz, cost $6450. Add the capability for polar and Smith
Chart displays of reflection characteristics, 0.11 to 12.4
GHz, for $3985.

Ask your HP field engineer how the 8410A “microwave mul-
timeter, universal test set, network analyzer’” can answer
your problems. Or write Hewlett-Packard, Palo Alto, Calif.
94304; Europe: 54 Route des Acacias, Geneva.

HEWLETT @ PACKARD

MICROWAVE NETWORK ANALYZERS
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Using the gyrator

Gyrators, by simulating inductive effects with
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Readers Comment

Punched tape

To the Editor:

The article, “Punched cards on
the ropes?” [April 15, p. 193] was
interesting and capably done. How-
ever, I believe that since the in-
creasingly important roles of opti-
cal character recognition and
magnetic-tape encoders were cov-
ered, the story should have dis-
cussed punched paper tape as an
alternate computer input medium,

The central philosophy of
punched tape is to capture data as
a byproduct of some necessary op-
eration. Thus, tape punches have
been linked to many basic business
machines, both for in-house proc-
essing and by companies using
data centers. Almost every business
machine manufacturer provides
punched tape equipment, and NCR,
as one example, has installed more
than 10,000 tape-punching devices.

Of course, there is a break-even
point of volume at which optical
scanning becomes more efficient.
Below  this  point, however,
punched tape is usually the cheap-
est and best method of data input.

New equipment today is greatly
extending the economy of direct
tape-to-tape data transmission.
This will undoubtedly give added
impetus to an already sizable mar-
ket. But the basic advantage re-
mains the fact that punched tape
(Mylar as well as paper) is able to
deal with dynamic as well as static
data, whereas punched cards re-
main as individual documents.

W.P. Keating
National Cash Register Co.
Dayton, Ohio

Microwave for Mexico

To the Editor:

We found your article “Mexico
nears finish line in the first Olym-
pic event” [April 1, p. 95] of great
interest since General Telephone &
Electronics International is so
heavily involved in providing mi-
crowave systems for Mexico’s com-
munications system.

In addition to the temporary sys-
tem of 14 antennas which you men-
tion, we are installing a 475-mile
microwave system from Ciudad
Victoria to Piedras Negras in north-

Electronics | June 10, 1968



Who's the
real power

in power?

You tell us.

Bendix ean meet 909, of your silicon power transistor
needs right now. And we’re working on innovations in
thiek film, flip chips, power-integrated circuits, PNP
complements to silicon power transistors and high-voltage
TV deflection circuitry.

We pioneered radiation-resistant transistors. And we
lead the pack today.

We were the leaders in developing money-saving,
plastic power devices. And still are.

We invented SOAR (Safe Operating ARea) to simplify
your circuit design and reduce your development costs.

No company has made a greater contribution to power
transistors than Bendix. No company can offer you more

in power today. And no company knows more than
Bendix about the kind of technical problems you face in
aerospace, automation and other sophisticated applica-

tions. It’s our lifeblood. We make power transistors for
military and industrial applications: computers, com-
munications, aircraft, missiles and space vehicles, to name
a few. As well as for amplifiers, radios, TV sets, organs
and automobile applications.

And no company can put more research and engineer-
ing power to work on a power problem.

Who's the real power in power? Contact your nearest
Bendix sales office, and you be the judge. Or write the
Power Specialists: Semiconductor Division, The Bendix
Corporation, Holmdel, New Jersey 07733.

Bendix 4 Electronics

Chicago—(312) 637-6929; Dallas—(214) 357-1972; Detroit—(313) 548-2120; East Northport, N.Y.—Harry Friedman Co. (516) 692-2839; Great

Neck, N.Y.—H. V. Sales Co. (516) HU 7-1142;

Greenwich, Conn.—(203) 869-7797; Holmdel, N.J.—(201) 946-9400; Lexington, Mass.—(617)

861-8350; Los Angeles—(213) 776-4100; Minneapolis—(612) 926-4633; Orlando, Fla.—(304) 241-6559; Rochester, N.Y.—(716) 266-5550; Run-
ngfpedg, N.J.—(609) 933-2550; Seattle—Ray Johnston Co., Inc. (206) LA 4-5170; Export—Cable: **Bendixint,”” 605 Third Avenue, New York, (212)
973-2121; Ottawa, Ont.—Computing Devices of Canada, P.O. Box 508 (613) 829-1800; San Juan, Puerto Rico—Southern International Sales Co.

723-3879.
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True RMS—Not An Approxima-
tion. Hewlett-Packard took the
standards lab technique of pre-
cision thermocouple ac to dc
conversion . . . added protective
amplifiers to assure fool-proof
overload protection (800 Vp-p)
...and produced a practical,
true RMS voltmeter with high
19 accuracy.

With wide 10 Hz to 10 MHz
frequency response, use the
3400Aforallyourtruermsaudio
and many of your rf measure-
ments. With sensitivity of 1 mV
to 300 V full scale, you accu-
rately measure anything from

‘““down-in-the-grass’’ signal and
noise, to transmitter and ampli-
fier outputs.

Easy-to-read hp taut band me-
terisfriction freeand hasa scale
that is individually calibrated to
the meter movement for unsur-
passed accuracy.

High Crest Factor. Measure
noise and other non-sinusoids
with high 10:1 crest factor (ratio
of peak to rms). Measure 100:1
crest factor at 10% of full scale.
You get accurate noise and pulse
measurements—without correc-
tion factors.

Three-in-one-Versatility. The
3400A is a true rms voltmeter,
an ac/dc converter, and a cur-
rent meter. As an ac/dc converter,
typical dc output accuracy is
0.75% of full scale from 50 Hz
to 1 MHz. With the hp 456A AC
Current Probe, use the 3400A

for quick, dependable current
measurements. The 456A probe
has a 1 mA to 1 mV conversion
which allows direct reading up
to 1 ampere rms.

Price of the hp 3400A RMS
Voltmeter is $525. The hp 456A
AC Current Probe is $225. Con-
venient, rugged, field carrying
case, hp 11075A, $45. For all
the facts concerning the versa-
tility of these instruments, con-
tact your nearest hp field
engineer. Or, write to Hewlett-
Packard, Palo Alto, California
94304. Europe: 54 Route des
Acacias, Geneva.

HEWLETT ﬂ PACKARD

ANALOG VOLTMETERS

True RMS Measurements Come from Thermocouples!

Standards Labs Use Thermocouples for True RMS!
(So does the hp 3400A RMS Voltmeter!)

3400A RUS VOLTMETER -

WEWLETT . packanp




eastern Mexico and a 580-mile sys-
tem in northwestern Mexico linking
Hermosillo and Ensenada. Con-
tracts for approximately $9 million
were awarded by the Secretaria de
Comunicaciones y Transportes for
this work to our Italian subsidiary,
Societd Generale di Telefonia ed
Elettronica S.p.A., Milan.

Edward J. Reardon
GT&E International
New York

Sour note

To the Editor:

The article “Signal gains for
electronic music” [April 29, p. 93]
contains misinformation  about
Moog electronic music instruments.

None of the Moog synthesizers
sells for $1500. The device which
you say ... “can be carried around
by pop music groups to augment
the sound of their electric guitars
and rhythm sections™ is not a syn-
thesizer, but a signal processor.

None of the Moog synthesizers
employ internal interconnections in
place of the facility for intercon-
necting modules by plugging patch
cords into input and output jacks.
In Moog synthesizers, some inter-
connections may be established
with illuminated switches instead
of patch cords, but this facility is
in addition to frontpanel input
and output jacks.

I can find no objective criterion
to apply which would justify your
statement that the equipment of
Buchla Associates has “a greater
range of sound dynamics” than
Moog equipment.

Robert Moog
President
R.A. Moog Co.
Trumansburg, N.Y.

= The objective criterion is that

the Buchla synthesizer contains
programable electronic sequencing
switches and the Moog doesn’t.
This enables the Buchla equipment
to change from one frequency to
another in much less time. The
phrase “sound dynamics™ shouldn’t
be confused with “dynamic range,”
which is ratio of the maximum
sound level of a system to its back-
ground noise.

Making music

To the Editor:

Far from being a “$100,000 white
elephant,” the RCA synthesizer
[April 29, p. 93] was the first com-
prehensive electronic system for
synthesizing musical sounds based
on post-war technology, and out
of its development and application
has come a wealth of knowledge
which underlies virtually every
aspect of electronic music today.
Instead of being limited to note-by-
note production as you suggest, it
was actually the first means by
which relatively large segments of
music could be produced by pro-
graming characteristics of sounds.
It is in precisely this area that its
chief advantage lies.

Even today, after the develop-
ment of voltage-controlled devices,
the synthesizer can still hold its
own with contemporary synthe-
sizers, owing to the extreme ac-
curacy with which the composer
can control the realization of his
compositions. Important composi-
tions have been and are being
produced on the synthesizer, and
we expect it to be a valuable tool
for many years to come.

James Seawright
Electronic Music Center
Columbia and Princeton

Universities

New York
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Coastal States
Gas Producing Co.
of Texas

uses Farinon
microwave systems
for reliable
communications

So do three oil companies

in Africa, four more in Venezuela,
nine major US oil producers,

43 major US telephone companies,
16 US government agencies,

and five railroads. . .

...among 223 others.

They appreciate Farinon’s skill
at combining high performance
and reliability with economy.

Write for our catalog of radio,
microwave and multiplex equipment,
accessories and services.
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New
from Howell

Solid-state digital data
acquisition system
For linear and non-linear signals

This highly advanced Howell digital data system
monitors RPM, torque, vacuum, fuel flow, three differ-
ent pressures, and five different temperatures for a
major automobile manufacturer to determine engine
durability. Signals are received from thermocouples,
tachometer generators, and a variety of pressure,
fuel-flow, and torque transducers. Output is to an
IBM Selectric® typewriter which automatically records
the measured values together with the time of entry,
channel identification, and an out-of-limit indication.
Other systems are available with output for tape
punches or printers.

The system includes a solid-state non-linear/linear
digital indicator for measuring and displaying physical
processes and a solid-state reed relay scanner utiliz-
ing integrated circuit construction. Systems are avail-
able for monitoring up to 1000 points.

Write today for a 12-page brochure describing this and a wide
range of other Howell digital data acquisition systems.

Howell also offers a wide variety of other instruments . . . customized for many applications.

5 > HOWELL INSTRUMENTS, INC.
A\ @ V/ 3479 West Vickery Blvd.
e 4 Area Code 817 336-7411 « Fort Worth, Texas 76107
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People

The new assistant to the president
for microelectronics planning at
Autonetics, Alvin B. Phl]hps says
his prlmary mis-
sion is to build
a five-year plan
for microelec-
tronics and im-
plement it in
close coopera-
tion with C.F.
O’Donnell, sen- e
ior vice presi- Phillips

dent for research and engineering.

Phillips, 39, made a big move in
late April—from the predominantly
bipolar world of Sylvania’s Semi-
conductor Products division in Wo-
burn, Mass., to the large-scale inte-
grated metal oxide semiconductor
discipline of the Anaheim, Calif.,
division of the North American
Rockwell Corp. [Electronics, April
993 psi2b];

To produce these circuits, Auto-
netics is building a 40,000-sq-ft.
facility that’s due for completion in
early August. Phillips was general
manager of Sylvania’s integrated
circuit operation before moving
west. He believes the biggest prob-
lem facing Autonetics in its entry
into the specialized LSI business is
its marketing structure, which tra-
ditionally has been systems ori-
ented. He says, “Autonetics is in a
tremendous position in technology.
Yields are surprisingly good. In
production, the new building
means management recognizes the
need to produce—and on schedule.
I think they’ve made fine equip-
ment decisions.”

Question. But because Autonet-
ics has been mainly systems ori-
ented, Phillips contends, new mar-
keting ideas will have to be
introduced and the proper organi-
zation built up. “You need a highly
trained marketing force to sell LSL
There are some questions to be
answered, such as: Will there be
standard products? Will there be
a distributor organization? Do we
offer systems assistance so that the
customer’s system can be most ef-
ficiently partitioned?

“But the marketing attitude is
right. Management recognizes that
changes have to be made and is
asking how it can be done. And I

Electronics | June 10, 1968



3 ways you can use the Raysistor’
to improve your product, cut costs

B+
250V
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1. Use the Raysistor® as a simple remote or automatic vol-
ume control in SSB suppressed carrier receivers. Feeding

part of the audio output into the control light source varies

the resistance of the Raysistor’s photocell, making it usa-
ble in place of a normal volume control.

2. As a remotely controlled linear potentiometer. The
Raysistor can be used as a remotely controlled linear
potentiometer when used in the circuit shown above.
Here the Raysistor forms a voltage divider between the
positive and negative voltages.

CK1101 CK1101

AC  Band Pass AC
Low Amplifier  Filter Amplifier
e
ilter
Feedback
CK1101|CK1101 Ratio
3m—o Adjust
oo
Sm—o

Low Pass
Filter

DC =
Cathode
Follower

B+, Lamp Driving Source

3. As a photochopper stabilized D-C microvoltmeter. Ray-
sistors, used as photochoppers in both modulator and de-
modulator circuits, enable d-c levels to be measured to a
fraction of a microvolt. They facilitate synchronous detec-
tion and demodulation with simple electrical coupling,
have less noise than transistor choppers, while avoiding
maintenance problems of mechanical choppers. Other
photochopper applications: photochopper relay, series or
shunt chopper, modulator circuit, and as a stabilizer to
reduce long-term drift.

Many more ways you can use the Raysistor. Send for The
Raysistor Applications Manual which describes ways you
can use this unique optoelectronic component as a photo-
chopper, variable resistor, solid-state switch, relay, volt-
age or signal isolator, nonlinear potentiometer, etc. For
complete specifications and prices, call your Raytheon
distributor or regional sales office. For a copy of this 28-
page manual, circle the reader service card or write
directly to Raytheon Company, Components Division,
Quincy, Massachusetts 02169.

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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All from Sprague!

TWELVE OF OUR MOST POPULAR

METALLIZED CAPACITOR TYPES

SPRAGUE TYPE

s < 45
]
1

1]

ax

1]

%

|
*Trademark

o

680P

431P

155P
156P

218P

-

260P

121P

118P

143P

144P

284p

283P
282p

(energy
storage)

Case And
Configuration

hermetically-
sealed
metal-clad
tubular

film-wrapped
axial-lead
tubular

molded

phenolic
axial-lead

tubular

hermetically-
sealed
metal-clad
tubular

hermetically-
sealed
metal-clad
tubular

hermetically-
sealed
metal-clad
tubular

hermetically-
sealed
metal-clad
tubular

hermetically-
sealed
metal-clad
“bathtub” case

hermetically-
sealed
metal-clad
“bathtub” case

hermetically-
sealed
metal-clad
rectangular case

hermetically-
sealed
metal-clad
rectangular case

drawn
metal case,
_ceramic
pillar terminals

Dielectric

metallized
Metfilm* ‘A’

metallized
Metfilm* ‘E’
(polyester film)

metallized
paper

metallized
Metfilm* ‘E'
(polyester film)|

metallized
Metfilm* ‘K’
(polycarbonate
film)

metallized
paper

metallized
Difilm®
(polyester film
and paper)

metallized
paper

metallized
Difilm®
(polyester film
and paper)

metallized
paper

metallized
Difilm®
(polyester film
and paper)

metallized
paper

rature
ange

Tem,

—55C,
+85C

—55C,
+85C

—40C,
+85C

—55C,
+105C
—55C,
+105C

—55C,
+125C

—55C,
+125C

—55C,
+125C

—55C,
+125C

—55C,
+105C

—55C,
+125C

0C,
+40C

Military
Equivalent

no

specification
no

specification

-n.o .
specification

CHO8, CHO9
Characéeristic

.n,o .
specification

no
specification

CHO8, CHO9
CharacNteristic

N
specification

CH53, CH54,
CH55
Chara&teristic

no
specification

CH72
Characl:‘teristic

no
specification

For additional information, write Technical Literature Service,
Sprague Electric Company, 35 Marshall St., North Adams, Mass. 01247,

indicating the engineering bulletins in which you are interested.

SPRAGUE COMPONENTS

Eng.
Bulletin

2445

2030

2450A

2705

2210C

2211D

2220A

2221A

2222

2223

2148A

CAPACITORS
TRANSISTORS

RESISTORS

THIN-FILM MICROCIRCUITS
INTEGRATED CIRCUITS
INTERFERENCE FILTERS
45¢-6135

10

PACKAGED COMPONENT ASSEMBLIES
FUNCTIONAL DIGITAL CIRCUITS

MAGNETIC COMPONENTS
PULSE TRANSFORMERS

CERAMIC-BASE PRINTED NETWORKS

PULSE-FORMING NETWORKS

SPRAGUE

THE MARK OF RELIABILITY

*Sprague’ and ' (2)' are registered trademarks of the Sprague Electric Co,

People

think a systems house with com-
ponent technology can step into
LSI easier than a component house
without systems experience.”

The Union Carbide Corp.’s Elec-
tronics division got a late start in
the semiconductor field, but the
establishment of
a semiconductor
department 4%
years ago at-
tracted some im-
pressive talent
—in particular,
Robert Freund
and the devel-
oper of the
planar process, Jean Hoerni. But
though strong in technology and
materials, Union Carbide never be-
came a significant semiconductor
supplier—possibly because the de-
partment wasn’t as strong in man-
agement and marketing.

David A. Beadling, who recently
replaced Freund as general man-
ager of the semiconductor depart-
ment, notes that Union Carbide
hasn’t a single direct-house ac-
count.

New approach. Beadling con-
siders himself a marketing man.
Assistant general manager of the
department for less than a year,
he will have a free hand in his
new post to chart the unit’s sales
policies.

Success in any industry, says
Beadling, is knowing where the
future lies; in the semiconductor
business, that means knowing
what circuits the customer will
want next year. “If we send a man
into the field who, in addition to
selling circuits, comes back to us
with a feeling of where our cus-
tomers are going, we’ll be much,
much better off.”

Expansion. “We've chosen our
sales approach and we’ve picked
the linear and metal oxide semi-
conductor fields as our production
areas,” says Beadling. “What now
stands between us and our expec-
tations is 22 acres of relatively bar-
ren real estate around San Diego.
By 1972, well have completed
325,000 square feet of production
and development space there.”

Beadling
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Some people Will buy.a Siéﬁ‘a
High-Power Signal Generator

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

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

Frml;ler)lcy Range 50-200 200-500 500-1000 1000-1800 1800-2500
z

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

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

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

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

...for the pure pleasure
of changing the only
tube in its magnificent
solid-state body

PHILCO

PHILCO-FORD CORPORATION
Sierra Electronic Operation
Menlo Park, California « S4025




Weve got op amps
ike nobodys got
p amps.

1. VERY LOW POWER

The typical dissipation of the NHO0OO1 is but 1.8mW
at Vs= £15V and 0.6mW at Vs = £6V. Something of
a record, no? And further, the mighty NHOOO1 will
deliver over =10V into a 2K load from Vs= 15V
—— supplies. It's priced at $48.00 in 100 to 999 quantities.

Vs = =5 to =20V

2. GENERAL PURPOSE

Vs = 5 to =20V Old faithful LM101 is both general purpose and
no-sweat in operation. It’s short-circuit proof and has
a large differential input voltage allowance. Moreover,
frequency compensation is simple, and there is no
latch-up problem. The price is $40.00 in 100 to 999
uantities. (There is also a commercial version, the
LM201, priced at $8.80.)

RII1R2
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3. FULLY COMPENSATED, GENERAL PURPOSE

N E D The LH101 is kin to the LM101. The essential differ- .
R2 ence is that all the required frequency compensation
L |, is inside the package. Current drain is low, even with
6 the output saturated. There is no latch-up when com-
mon mode range is exceeded and there’s continuous
short circuit pmte( tion. Price for 100 to 999 is

RL|IR2 $48.00. The commercial version LH201 is $11.40.

4. HIGH SLEW RATE VOLTAGE FOLLOWER

The LM102 voltage follower is the first monolithic

amplifier that has combined low input current with

high speed. Slew rate is 10V/us. The maximum

input current is an incredible 10nA. Input currents

6 better than 10nA at 125°C are guaranteed. The price:

3 $30.00 each in 100 to 999 quantities. The —25°C
to +85°C LM202 is priced at $12.00, LM302 com-
mercial at $5.40.

Vs ==12V TO =15V

5. HIGH OUTPUT CURRENT

e When we say high output current, we mean high.
The output (‘urrent on this, the NH0005, is +50mA
into a 1002 load. The price in 100 to 999 quantities
is $45.00. And there’s a commercial version, the
NHO005C, priced at $22.50.

6. VERY HIGH OUTPUT CURRENT, WITH BUFFER

Vs =5V T0+15V The NHOO02 is something else. It has an output cur-
rent of £300mA into a load of 50Q. The NH0002
buffer is useful in the loop in all your hlgh current
op amp apphcatlons The price is $20.00 in 100 to
999 quantities.

[f you'd like op amps like we've got. write National Semiconductor
Corporation, 2975 San Ysidro Way, Santa Clara, California 95051 .

National Semiconductor
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“Four to six weeks
for power supply
delivery?

Forget it!

Acopian will ship
any of their
62,000 different
AC to DC plug-in
power supplies
in just 3 days!”’

This catalog lists
62,000 models of
AC to DC plug-in
power supplies
available for ship-
ment in just three
days. Choose the
exact outputs you
need. Singles or

ey

duals, regulated
or unregulated.
Write or phone for
your free copy.

Name

Title

City
State Zip

Acopian Corp., Easton, Penna. 18042
Phone: (215) 258-5441

|
|
o
|
[
|
|
|
1
Company =
|
|
1
[
|
|
|
1}
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Meetings

LSI’s impact on computers

The theme of this year’s IEEE Com-
puter Conference, scheduled for
Los Angeles June 25 to 27, is the
impact of large-scale integration.

The conference will be divided
into six daytime sessions, plus nine
“dig deeper” evening meetings
that will offer an opportunity for
informal discussion in specialized
areas, such as design automation
for LSI, testing LSI digital logic,
automated mask making, ultimate
limitations in computing technol-
ogy, and standardization.

In the opening session, Fairchild
Semiconductor’s R.J. Schreiner, of
the research and development lab-
oratories, will point out that the
vendor’s investment in LSI will be
very large in such areas as person-
nel, test equipment, and computer-
aided design; he will also note that
the return on this investment is
some years away. Schreiner will
then say that the system manufac-
turer must determine to what ex-
tent he will support LSI efforts now
so that the technology will be avail-
able in the 1970’s.

In another session, Wally Rais-
anen of Motorola Semiconductor
will focus on the alternatives of
custom vs. standard design and
take a critical look at the advan-
tages and limitations of monolithic

vs. hybrid manufacturing. A Fair-
child trio—T. Asai, J.H. Friedrich,
and J.D. Schmidt—will describe
their attempt to develop a hybrid
LSI memory and show that storage
capacities of 10* to 10° are now
possible in a hybrid package that
permits growth in both storage ca-
pacity and speed, with speed rang-
ing from 250 to 500 nanoseconds.

No conference treating LSI could
ignore beam-lead technology, and
two representatives from Bell Tele-
phone Laboratories—where the
beam-lead technique was orig-
inated—will present a paper on an
iterative arithmetic unit for highly
parallel processing arrays. J.H.
Huttenhoff and R.R. Shively will
show that a 32-bit arithmetic unit,
a 4,096-bit memory, and an input
correlation unit will fit on a 3.75-
by-4-inch ceramic substrate using
beam-lead monolithic IC’s.

Paul Baran of the Rand Corp.
will discuss how LSI will revolu-
tionize communications and warn
that even the most basic design de-
cisions made for systems of the
past will have to be closely scrut-
inized. He will stress the need for
totally new designs.

For more information write Harold Petersen,
Rand Corp., 1700 Main St., Santa Monica,
Calif.

Calendar

International Conference on
Communications, IEEE; Sheraton
Hotel, Philadelphia, June 12-14.

American Society for Engineering
Education Meeting; University of
California, Los Angeles, June 17-20.

Electromagnetic Compatibility
Symposium, IEEE; Berkeley Cartaret
Hotel, Asbury Park, N.J., June 17-19.

Microelectronics Symposium, IEEE;
Sheraton-Jefferson Hotel, St. Louis,
June 17-19.

Meeting of the Institute of Navigation;
King Hall, U.S. Naval Postgraduate
School, Monterey, Calif., June 19-21.

International Symposium on Optimal
Systems Planning, International

Federation of Automatic Control; Case
Institute of Technology, Cleveland,
June 20-22.

Summer Power Meeting, IEEE; Sheraton
Dallas Hotel, Dallas, June 22-27.

Consumer Electronics Show, Electronic
Industries Association; Americana and
New York Hilton Hotels, New York,
June 23-26.

Power Meeting, IEEE; Sherman House,
Chicago, June 23-28.

Fluid and Plasma Dynamics
Conference, American Institute of
Aeronautics and Astronautics;
Ambassador Hotel, Los Angeles,
June 24-26.

(Continued on p. 16)

Electronics | June 10, 1968



To calibrate percent error directly
on your AC/DC, volt, or ammeters
of any type, read this meter.

It’s on the face of the new solid state
Fluke Model 760A meter calibrator.

And that’s only one
feature of the Fluke
760A which obsoletes
all other meter cali-
brators. For instance,
here’s a calibration
standards instrument
guaranteed to stay
within specifications for
one full year over a wide 41
range of environmental con- |

ditions. Further, the instrument is genu-
inely portable when compared to existing
single units or groups of several instru-
ments performing similar functions.

We've built the Model 760A with a mini-
mum of controls and indicators so you

can operate the
instrument sim-
ply and quickly.
Dial up any
parameter with-
out range change
or switching.

e ] We've put in a

full complement
of interlocks and other

safety features so neither you nor
the instruments under test are in danger.
The 760A can easily be used by un-
skilled operators to calibrate virtually
all multi-range, multi-function instru-
ments.

A stable, low distortion oscillator is used

to provide either 60 Hz or 400 Hz.

DC accuracy of the 760A is =0.1% up
to 1000 volts. Current range is 1 micro-
ampere to 10 amperes with an accuracy
of =0.25%. Resistance range is 0 to
10 megohms to an accuracy of =0.1%.
AC accuracy is *=0.25% from 0.001
to 1,000 volts. And the price, $2,485,
is a lot less than anything remotely
comparable.

So, if meter calibration is your business,
let us help make your work day shorter
and easier with the new Fluke 760A
Meter Calibrator. See your Fluke Sales
Engineer (listed in EEM) or write or
call us for full information and a demon-
stration.

In Europe, address Fluke International
P ] Corporation, P. O. Box 5053,

Ledeboerstraat 27, Tilburg, Holland.
Telex: 844-50237. In U.K., address Fluke
International Corporation, P. O. Box 102,
Watford Herts, England.

Fluke, Box 7428, Seattle, Washington
98133. Phone: (206) 774-2211.
TWX: (910) 449-2850.
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Our new HF-80
looks like other
AC-DC

power modules.

There the resemblance ends.

Heretofore

power modules have approached their inherent size
and cost barriers;
lossless regulator modules remained a laboratory oddity.

Now, HF-80 modules

have broken size and cost barriers by utilizing high frequency
transformation techniques, which eliminate need for
conventional bulky components. HF-80 modules are completely
isolated, and feature:

Regulation — Line: +(0.05% + 5mv)
Load: +£(0.10% + 10mv).

Outputs — 2.8 to 1000 VDC, to 375 watts (5.5 volts at
50 amperes, with 2:1 output voltage adjustability.

Recovery — Less than 5ms, one-half to full load.
Ripple, peak-to-peak — 0.5% + 50mv.

EMI — Designed to meet MIL-1-6181D.
Efficiency — 509% to 809%.

Price range — $100 to $475.

Write or phone for full information. Incidentally, there is a
companion line of true DC-DC converter modules which we
also want you to know about.

TECHNIPOUWER

A BENRUS Subsidiary
Benrus Center, Ridgefield, Connecticut 06877
Phone: (203) 438-0333 TWX: 710-450-3631
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Meetings

(Continued from p. 14)

International Symposium on
Bioastronautics and the Exploration
of Space, Air Force Aerospace Medical
Division; San Antonio, Texas,

June 24-27.

Thermophysics Conference, American
Institute of Aeronautics and
Astronautics; Los Angeles, June 24-26.

Conference on Precision Electomagnetic
Measurements, |IEEE; National Bureau
of Standards Laboratories, Boulder,
Colo., June 25-28.

Computer Conference, |IEEE;
International Hotel, Los Angeles,
June 25-27.

Automatic Control Conference,
Instrument Society of America and
IEEE; University of Michigan, Ann
Arbor, June 26-28.

Management in the Fields of Aerospace
Meeting, American Institute of
Aeronautics and Astronautics;
Montreal, July 8-9.

Conference and Exhibit of the
Marine Technology Society; Sheraton
Park Hotel, Washington, July 8-10.

Nuclear and Space Radiation Effects,
IEEE; Missoula, Mont., July 15-18.

Design Automation Workshop, |IEEE;
Washington, July 15-18.

Reliability and Maintainability
Conference, American Institute of
Aeronautics and Astronautics; Jack Tar
Hotel, San Francisco, July 15-18.

Call for papers

International Electron Devices Meeting,
IEEE; Sheraton-Park Hotel, Washington,
Oct. 23-25. Aug. 1 is deadline for sub-
mission of abstracts to Donald A.
Chisholm, program chairman, 1968
International Electron Devices Meeting,
Bell Telephone Laboratories, Murray
Hill, N.J. 07974.

Northeast Electronics Research and En-
gineering Meeting (Nerem,) IEEE;
Sheraton Boston Hotel and the War
Memorial Auditorium, Boston, Nov.
6-8. July 15 is deadline for submission
of abstracts to E.G. Nielsen, applica-
tions chairman, IEEE Nerem-68, 31
Channing St., Newton, Mass. 02158.

Vehicular Technology Group Con-
ference, IEEE; San Francisco Hilton
Hotel, San Francisco, Dec. 2-4. July 1
is deadline for submission of abstracts
and resumes to W.G. Chaney, Lenkurt
Electric, 1105 County Rd., San Carlos,
Calif. 94070.

(Continued on p. 240)
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Taking gravity’s measure

precisely...at high speed...from planes or ships

Bell’s new BGM-2 Gravity Meters make precision gravity mapping of
water areas possible. Map makers can now determine the earth’s exact
shape . . . and prepare more accurate nautical charts. For oil men, they
offer a more practical method of detecting offshore oil deposits. BGM-2 is
compact, self-contained and light weight. The heart of the unit is Bell’s
Model VIIB accelerometer. 3,500 Bell accelerometers have been produced
in various sizes for missile, spacecraft and aircraft guidance systems. In
sea trials co-sponsored by the Naval Oceanographic Office and the
Environmental Science Services Administration, the Bell Gravity Meter
proved accurate to 0.5 milligal during sea state 4 conditions. It was also
successfully tested in a Navy P3A aircraft. Bell Gravity Meters are currently
being delivered for use by the U.S. Army Mapping Service, the Navy’s
Oceanographic Officé, and the Gulf, Shell and Mobil Oil Companies.

o~

BELL AEROSYSTEMS—A textronl COMPANY Buffalo, New York
Proven Systems Capabilities for Aerospace * Defense * Transportation * Communications

Electronics | June 10, 1968 Circle 17 on reader service card 17




Fairchild has introduced 36
new products in the last 36 weeks.

Our goal is fifty-two new integrated circuits in fifty-two weeks.
To obtain the Reader Service Number for any product an-
nouncement ad, simply add 100 to the new product number.
For example, New Product No. 3 is Reader Service No. 103.
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More about:

THERMOCOUPLE BRIDGE AMPLIFIER

By combining new products #29 and #31, you have
the basis of a very low-drift amplifier for low-level
transducers and precision analog computers. In
fact, four components (two new linear integrated
circuits plus two resistors) are all you need to pro-
duce a thermocouple bridge amplifier with a closed
loop gain of 1000, accuracy of 0.01%, input resist-
ance of 300 Megohms and temperature drift of
0.3uV per °C.

Ry

—— [ "

| THERMOCOUPLE
e wAT2 uATAL >—4>——o
1 R /

Key Features:

Temperature Drift ......... 0.3 uV/°C
Closed Loop Gain ............. 1000
GAIACCURBEY . i e At s e s 0.01%
Input Resistance ............ 300 MQ

New Product #29 is the ,A727 temperature-con-
trolled differential preamp. It's held at a constant
temperature by active internal regulator circuitry.

As a result, it can provide:

AVos/AT=0.6,V/°C  Ri.= 300 Megohms
Alos/AT = 2pA/°C Veur= =13V

los= 2nA Vii= +10V

New Product #31 is the uA741 frequency-compen-

sated operational amplifier. It has internal fre-
quency compensation built directly on the chip

(that eliminates the need for external stabilization
components). The ;A741 is a successor to the
pA709 and a pin-for-pin replacement for it. Key
1A741 features include:

short-circuit protection

adjustable input offset voltage

no latch-up when the common mode voltage range
is exceeded

Vin= +30V Ri,= 1MQ
los= 30nA Vo= =13V
Vos=1mV Vemr= =15V
AvoL= 200,000 Poiss= 5mw

This is only one of many applications possible with
the ;,A727, 4A741 and other new linear ICs from
Fairchild. The coupon below will get you a whole
package of applications information including
schematics, parts lists, and individual data sheets.

Mailing Address

0
| |
| |
| |
| |
| |
| Company |
| |
| I
| |
| |
| |
L

Fairchild Semiconductor A Division
of Fairchild Camera and Instrument
Corporation 313 Fairchild Drive
Mountain View, California 94040
(415) 962-5011 TWX: 910-379-6435

S R S T R
FAIRCHILD
[t s AN a1
SEMICONDUCTOR




Our story starts
with a very
superior
polyester film.

20

To which we
add exceptional
dimensional
stability.

222, \ . .

Il":mllll

I

The best dimensional stability of any
polyester film. An independent testing lab,
DeBell & Richardson, Inc., tested calibrated
lengths of Celanar and other polyester
films at temperatures from 73F to 120F

for over 24 hours. When measured, other
films showed up to 77% greater thermal
expansion than Celanar film.
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And greater
strength.

Celanar is the strongest balanced biaxially
oriented plastic film commercially available.

(T

STy,

And insulation
resistance.

An outstanding property of Celanar
film is its high insulation resistance over
a wide range of temperatures. Celanar
has superior electrical properties,
including excellent dielectric strength,
dielectric constant and dissipation
factor. Good reasons why Celanar is
widely used as an insulating material
in electrical insulation applications.

Electronics | June 10, 1968

To bring you
Celanar Film
with a
combination

of properties
unsurpassed for
electrical uses.

Celanar polyester film offers a balance of
electrical, mechanical, thermal and chemical
properties that make it your best choice for
applications from flexible circuits to wire-
wrap.Want proof? Just mail the coupon.

Celanese Plastics Company
Dept. 133-F, P.O. Box 629
Linden, N.J. 07036

Yes, | want all the facts about Celanar
film for electrical applications. And
send me a FREE set of gratings printed
on Celanar. (Laying one on top of the
other produces Moiré patterns that
confound the eye.)

Name Title

Company.
Address
City State Zip

L—_——_——_——————————‘

CELANESE

PLASTICS COMPANY

—————————————————1

Celanese®
Celanar®

Celanese Plastics Company is a division of Celanese Corporation.
e SSRGS MSSSDe: Cersws SSROI EEEEMS SETESN S iomesed Ersmss resmee
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Which

IC Test System
does all
these things?

DIAGNOSTIC COMPUTER
PROGRAMS automatically check
out system operation.

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

AUTOMATIC SELF-CHECKING
assures accurate data transfer
between operator, teletypewriter,
computer and test instrument.

DATALOG A FORCING FUNCTION,
such as the input threshold
level of a flip-flop needed to

produce a specified output. GROWING LIBRARY
of improved software
VERY COMPLEX TEST packages to insure
SEQUENCES can be against obsolescence.

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

programmed, yet
preparation of simple
tests can be learned
in two hours.

DIRECT ENGLISH data logging
type-out, showing job name, serial
number, test number, decimal
point and units.

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

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

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

(complete for only $65,000)

This one.

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

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

| OPEN AND SHORTED CONNECTIONS

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

COMPLETE FRONT PANEL DISPLAY
at any desired step, simultaneously
indicating all crosspoint
forced values, measured limits

= binning decisi’ons—everything'
about each test.

&
ions,

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

and autopinning.

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

Circle 22 on reader service card

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

Pinning the blame

Faultfinding in complex electronics equipment has
become so difficult that one major systems contract
offers a bonus of $19,000 for each fault that can be
isolated to a single discrete part. And that’s a bar-
gain, whether the fault is in military equipment,
where more than money is at stake, or in multimil-
lion-dollar computer systems.

In military aircraft, for example, the ideal in-
flight test would detect and isolate a fault and the
avionics system would automatically switch the
equipment to another mode of operation.

Fault detection has other important uses: it can
qualify a part or system on a go/no-go basis, it can
simplify maintenance procedures and minimize
downtime, and it can aid in failure analysis.

In an LSI logic circuit comprising several hun-
dred elements, the array must be tested as a func-
tional whole. Individual elements are inaccessible
to probing and there are a limited number of exter-
nal pins. Since such arrays will probably have lim-
ited use, just a few of each type will be produced.
The turnaround time to design and fabricate them
must be kept to a minimum. The dilemma is to get
rapid automatic testing of an array with the cost

A ‘testy’ attitude

Slowing the pace of developments in automating
failure detection is a psychological factor—design-
crs think of testing as the poor cousin of circuit de-
sign. They believe that designing circuits is “cre-
ative,” and that designing ways to test them is
neither challenging nor interesting.

The attitude stems partially from simpler times
when testing was an unpleasant necessity and usu-
ally meant fixing something that probably shouldn’t
have gone wrong in the first place. Maintenance and
repair, understandably, have never had glamorous
connotations.

As a result, circuits and systems are still being
designed with little concern for the way they will be
tested, and with almost complete indifference to
automatic self-test. The designer’s attitude is rein-
forced by the high cost of test programs; a good
one can cost as much to design as the system itself.

The designer who fails to recognize the changing
scene is going to be hopelessly outdistanced. More-

ver, he’s ignoring one of the most exciting and
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for the development of a test program kept low
enough to make sense. The solution lies in an inex-
pensive computerized test program that tells design-
ers their arrays are good—or if they are bad, why.

The development of faultfinding programs is still
expensive and time consuming because of the fail-
ure to seek similarities in testing a wide range of
electronics from LSI arrays to large systems. Were
that done, some general-purpose computer pro-
grams or, at least, standard subroutines for fault
diagnosis might be developed.

NASA is making a start in this direction at its
Electronics Research Center with a study of the
benefits that could accrue from NASA-wide stand-
ardization of computerized test systems for discrete
components and integrated circuits. The center be-
lieves it’s possible to standardize test hardware,
yet keep it flexible, Furthermore, it hopes to demon-
strate that test procedures can be standardized for
rapid comparison of test data and that standardized
software (programs for testing) is feasible.

If the NASA study proves that test hardware and
software can be standardized on a component level,
there’s hope for standardization at a higher level.

challenging areas of his technology. Not only is
the military aware of the need for automatic fault
detection and correction but the services are be-
ginning to write the requirements into systems
specifications. The concept of integrated logistics
support championed by the Defense Department
includes testing.

Until now, the universities have assumed pretty
much a hands-off attitude to systems testing. But
that is changing, too. Bell Laboratories, for example,
is supporting testing studies at Lehigh University.
More should be done at the undergraduate level,
where the payoff could be greatest.

Circuit designers who have been through the
experience of designing a fault-detection program
gain respect for the skills required. Circuits can be
designed through a number of simplifying assump-
tions, but there’s no short cut to detecting a circuit’s
faults, no matter how well or badly it is designed.
In the end, the best way to design for fault detec-
tion is to do it along with the original system design.
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and Diodes

One step conversion from d.c.-to-microwave. Diodes, now, as well as oscillators.
Microwave Associates, who first made avalanche oscillators commercially
available, now offers avalanche diodes as well — with more power
than ever before.
Applications include parametric amplifier pumps, local and self-test oscillators,

and transponder sources. Write or call.

Avalanche Oscillator Diodes

Single Freq.
Model Frequency Min CW Output
Nitmber GH- Power at 25°C
mW

MA-4980 8.2-124 10
MA-4986 8.2-124 50
MA-4987 8.2-12.4 100
MA-4988 12.4-18.0 10
MA-4989 12.4-18.0 50
MA-4992 18.0 - 26.0 10
Avalanche Oscillators

Single Freq. Typical

Min CW Output Typical Freq. Temp.
Model Frequency Power at 25°C d.c. Cur. Coef.
Number GHz mW mA KHz/°C
MA-8001-FC 9.0-12.4 100 50 —200
MA-8000-FC 9.0-12.4 10 30 —200

Instant Microwave...

MICROWAVE ASSOCIATES v
Burlington, Massachusetts

Offices: Northwest Industrial Park, Burlington, Mass.

3605 Long Beach Blvd., Long Beach, Cal.

Subsidiaries: Microwave Associates (West) Inc., Sunnyvale, Cal.
Microwave Associates, Ltd., Luton, Beds, England.



Autonetics is ready
to try MOS LSI
in operational gear

Field is narrowed
for SST multiplexer

Intelsat 4 gets nod
at Vienna meeting

Electronics Newsletter

June 10, 1968

A general-purpose computer made up of metal oxide semiconductor
large-scale integrated arrays is a high-priority goal at a good many com-
panies. But North American Rockwell’s Autonetics division, which feels
it’s at least a year ahead of everyone else in the development of complex
MOS arrays, is about to propose operational hardware incorporating a
general-purpose computer designed almost entirely with MOS LSI for
a classified Government application.

Autonetics’ confidence is such that the firm sees no need in this case
for a demonstration model—usually the first step in introducing new tech-
nology. It has the MOS LSI building blocks and will suit them to the
specifications worked out with system designers.

Autonetics engineers don’t see as many potential applications for the
MOS approach as for the faster bipolar LSI, but they are working to build
more speed into their MOS design.

Boeing is reportedly negotiating with North American Rockwell’s Auto-
netics division and United Aircraft’s Hamilton Standard division for six-
month study contracts to develop breadboards for the supersonic trans-
port’s 2,400-channel multiplexing system. Garrett and General Electric
were also competing for the awards [Electronics, May 13, p. 25], but are
now apparently out of the running.

Autonetics and Hamilton Standard won't confirm that they have won
the studies, nor will they discuss details of their proposals. But a multi-
plexing system Autonetics has been demonstrating since the IEEE Aero-
space Electronics Conference last month provides some clues to the com-
pany’s SST system. The basic building block in the Autonetics demonstra-
tion system is the Mod 2 pulse-code-modulated telemetry module [See
“Multiplexing the LSI way,” p. 45].

Besides eliminating much of the weight of a hard-wire system—the
joint British-French supersonic Concorde has about 150 miles of wiring
weighing about 5,400 pounds—multiplexing is expected to be far less
costly in the long run. The reason: fault isolation down to the level of
line-replaceable units will minimize maintenance costs over the system’s
lifetime.

Meanwhile, the airbus competitors—Lockheed and McDonnell Douglas
—are showing interest in the weight advantages of multiplexing for their
planes’ entertainment systems. Lockheed is now defining the L-1011
entertainment system and McDonnell Douglas is about ready to issue a
request to industry containing performance specs for the DC-10 network.

The unofficial word out of last month’s meeting of Intelsat’s interim com-
mittee in Vienna [Electronics, May 13, p. 59] is that the proposal for an
Intelsat 3.5 satellite was effectively killed and that delegates informally
agreed to jump ahead with the larger-capacity Intelsat 4. The next meet-
ing of this panel of the International Telecommunications Satellite Con-
sortium, in Washington next month, will vote on the Intelsat 4 satellite,
and a formal go-ahead is expected. Comsat, as the consortium’s manager,
is now studying the proposals from Lockheed, Hughes, and TRW to build
Intelsat 4, and will present its evaluation of the bids at the July meeting.
The contract winner will probably be chosen at that time, too.

<—Circle 24 on reader service card 25




Panel will charge
spectrum waste
in communications

One Fairchild unit
said to be under ax,
but not Instruments

Merger may force
FCC computer probe

26
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An influential technical panel will soon advise Federal communications
authorities to ease up on notions of conserving the frequency spectrum
and to worry more about making fuller use of the available frequencies.

The Joint Technical Advisory Committee (JTAC) will charge that
much of the spectrum is being wasted by overzealous frequency. con-
servationists and will urge elimination of “block reservations.” JTAC is
in the final stages of putting together a report that has been in the
works for four years. The 1,200-page document was due in May, but
editing and publishing problems have caused delays and the target date
is now late July. The report is concerned mainly with the microwave
bands, and only scant mention is made of the ticklish land mobile fre-
quency-crowding problem.

The proposal is sure to bring howls from broadcasters and common
carriers, which have large “blocks” of the spectrum tied up for antici-
pated needs.

The JTAC plan has a good chance of acceptance, however. The
panel, headed by Richard P. Gifford, general manager of GE’s com-
munication products department, was organized by the EIA and the
IEEE at the request of the Office of Telecommunications Management
and the FCC.

The report will offer elaborate recommendations on setting up guide-
lines for new technical organizations to meet the frequency problems.
The panel would authorize the use of these bands by any user who
would accept them with the understanding that he could be bumped
off if a higher-priority user requested space on the band and none was
available. :

Among these recommendations will be a plea to increase Federal
spending on research in this area to perhaps as much as $20 million
annually from the present $3 million to $4 million.

The recent exodus of top executives from Fairchild’s Instrumentation
division has stirred speculation that the firm may spin off the ailing unit.
But company insiders insist that though Fairchild is considering the
sale of one of its weaker divisions, that division isn’t Instrumentation.

Other Fairchild units include Cable, Controls, Semiconductor, Graphic
Equipment, Industrial Products, Space and Defense, World Magnetics,
and Du Mont.

Joseph R. Spaziani, who replaced Victor H. Grinich as general man-
ager of the Instrumentation division on June 1, points to the unit’s ambiti-
ous plans as proof of its growing strength—both financial and technical.
“We'll introduce five small instruments in the next five months,” he says,
more products than the division’s small-instrument group has unveiled
in the past couple of years. The new instruments—counters and low-cost
digital voltmeters—reflect a trend that began last year toward products
with more automatic controls and fewer knobs.

The proposed merger of Western Union and the Computer Sciences
Corp. will probably force the FCC to make a policy decision on common
carriers’ computer services. Some FCC officials say privately that the
commission will finally have to stop dragging its heels and decide whether
a common carrier can offer computer services and whether computerized
switching services are subject to rate regulations [Electronics, Feb. 5,
p- 60].
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IDEAS / Color Picture Tubes

""SYLVANIA

The brightest shadow-mask
picture tube...23% brighter
than its nearest competitor.

Sylvania’s revolutionary new rare-earth phosphor sys-
tem—introduced this year—increases white-field bright-
ness by 23% over the next brightest shadow-mask
color-TV picture tube on the market.

Brighter color-TV picture tubes have become a tradition
with Sylvania.

Back in 1964, we pioneered the development of the
rare-earth europium phosphor screen to provide brighter,
more vivid reds . . . reds that do not shift to orange. This
permitted ‘“‘unleashing” blues and greens which had pre-
viously been suppressed to maintain proper balance with
the weaker sulfide red. The europium system at that time
increased white brightness by 43% and made it possible

Unretouched photograph of color-bar pattern on new Sylvania color bright 85® picture tube. White-
field brightness on our new tube is 23% greater than it is on the second best.

for the first time to view color television in a lighted room.

Now in 1968, we’ve developed a still brighter phosphor
system and coupled it with our patented dusting process
for screen application, a temperature-compensated shad-
ow mask to assure constant color purity, even at the
outer edges of the screen, and an all-new electron gun
mount to maximize picture resolution.

To achieve brighter reds, we used a specially developed
and improved europium-activated yttrium-vanadate
phosphor treated with selected activators. This permitted
use of a brighter blue from a greatly improved phosphor,
and a brighter green which was achieved by altering
the chemical composition of the phosphor and changing
phosphor particle size and distribution on the screen
surface.

The result of all these developments: not only the
world’s brightest shadow-mask color TV picture, but also
sharper, clearer and more-lifelike colors.

The patented Sylvania dusting process

Some time ago, Sylvania developed and patented a
process for applying color-dot phosphors to the picture
tube screen. The dusting process has several inherent
benefits over the widely used slurry method, including an
inherent brightness advantage.

In slurry deposition used by most other manufacturers,
phosphors are premixed with a
photolithographic emulsion; the
mixture is then poured into the
glass panel and rotated to provide
a dispersion.  Continued on next page

This issue In capsule

Color Picture Tubes
New electron gun improves focus and
spot resolution.

CRTs
New CRT displays 4 or more colors
with one gun, no shadow mask.

Microwave Diodes
Selection guide for industry’s broad-
cast beamlead Schottky diode line.

EL
New idea for connecting high-resolu-
tion electroluminescent bar graphs.

Color TV
New shadow mask improves color
purity through full temperature cycle.

Manager’s Corner
Color TV: out of the dark ages.
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We've usually been ahead, and never been behind, in color-TV picture
tube brightness. Chart shows comparative white brightness levels,
Sylvania color bright 85 (red) vs major competitor (blue). Each time
they've caught up with us, we've jumped ahead. Figures are based on
footlambert brightness comparisons over the years.
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Relative brightness comparison between new 1968 color bright 85* and
other manufacturers. Our new tube is:

23°0 brighter than C 51% brighter than E
25°% brighter than D 54° brighter than A
44%, brighter than B 69% brighter than F

*Based on average footlambert white brightness readings of compe-
titors’ color picture tubes sampled throughout 1967. Readings calcu-
lated on 25” OEM tubes—9300°K & 27MPCD-70% transmission panel
—no cover glass, 800 ma beam current at 25 kV.

In the Sylvania dusting process, on the other hand,
the photolithographic material is applied to the glass
faceplate. Then, while it’s still wet, dry phosphor
powders from an air-dispersed cloud settle on the
photolithographic material. The phosphor mixture
does not have to be spread by physical means to attain
a dispersion.

Inherent advantages of dusting

Phosphor particle deposition by dusting permits use
of larger particles which produce dots of intrinsically
high brightness. (The slurry method requires use of
small particles to assure proper flow characteristics.)
Dusting also assures more uniform registry and dep-
osition of color phosphor dots over the screen face and
eliminates the spoking effect caused by panel rotation
during slurry deposition. Dusting also minimizes the
possibility of contaminants entering the phosphor sys-
tem and helps prevent phosphor deterioration and
crystal crackup due to milling action, such as may
occur in the slurry deposition method.

CIRCLE NUMBER 300

New tricolor electron gun
improves spot resolution
and focus in color-TV.

Our new 3-beam electron gun for color picture
tubes reduces color spot size by 10 to 20% to
improve focus.

In order to improve the focus characteristics and
spot quality of our high-focus 90° color picture tube
electron gun mount, we changed the design of the
focusing lenses. Tests showed that our new gun
provides two definite advantages:

(1) Spot size is 10-20% smaller in currents above
300 wA, improving spot blooming at high brightness
levels.

(2) Resolution is affected less by the purity and
convergence magnets because the new gun has a
sharper, smaller spot. When excessive magnetic
strength is applied, a dim haze develops around the
spot, rather than distinet bright “tails” growing
outward from the spot. The end result is reduction
of color “fringing”’ in the picture.

All Sylvania 90-degree color picture tubes are
now being shipped with our new electron gun.

CIRCLE NUMBER 301

/ FORMER GUN DESIGN

T

NEW SHARP-FOCUS
GUN DESIGN

ELECTRON SPOT SIZE (FOCUSED SPOT)

/]
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Spot size vs cathode current, new Sylvania electron-gun
mount vs previous mount. Tests have shown that spot di-
ameter of new gun is 10-20°% smaller at currents above
300 pa...a very definite advantage in spot blooming at
high brightness in a color scene.

CATHODE CURRENT




IDEAS/CRT's

Four or more colors on a
CRT...from one electron
gun and no shadow mask.

How many colors can you get on the face of a CRT with
one electron gun and no shadow mask? Right now,
Sylvania can give you four or more: any 2-color combi-
nation of red, green, blue or white.

What’s the advantage of a 1-gun multicolor CRT with no
shadow mask?

For one thing, the ‘“no-shadow-mask’ means that the
multicolor picture has almost the brightness, purity and
resolution of monochrome. The ‘“‘one-gun’ means your
deflection circuitry is almost as simple.

Today Sylvania alone can give you a CRT display of 4
or more colors from 1 gun and no shadow mask: greater
brightness and resolution, simpler back-up circuitry than
a standard polychrome tube.

And on it you can display any type of information you
wish: waveform, alphanumeric or pictorial . . . at the same
time.

We do it by depositing phosphors of two different
colors, dielectrically separated, on the CRT faceplate.
(You may order almost any 2-color combination of red,
green, blue or white, as you wish.) Low voltage actuates
one phosphor, high voltage both phosphors. Midrange
voltages mix the basic phosphor light outputs to produce
colors somewhere in between. Rapid switching from one
voltage to another makes all available colors appear on
the screen visually simultaneously.

In the photo below we use red and green phosphor
layers. Red is activated by the low (6 kV) electron-beam
voltage; green and red activated by the high (12 kV).
Since the green overrides the red, the resultant color is
predominantly green.

But intermediate voltages produce red-green mixtures.
For example, 10 kV produces a basic green with a small
red admixture . . . yellow; 8 kV produces a basic red with
a small green admixture . . . orange. To produce other
colors, the tube can be made with any basic 2-color phos-
phor combination: red-white, blue-white, red-green, red-
blue, green-white, ete.

With a red-white phosphor combination, a standard
B&W TV picture could be displayed—but with an “over-
ride”’ of red alphanumeric emergency information at the
bottom.

Sylvania 19” SC-4852
displays alphanumer-
ics in 4 colors simul-
taneously.

21”7 SC-4876 and 5” SC-4689 are typical of the range of multicolor tube
types that can be made. Each is capable of displaying alphanumeric or
analog information in 4 or more colors simultaneously, using a single gun.

Type Screen Focus Deflection
No. Size Shape Method Method
SC-4689 5% Round Electro- Electro-
static static
SC-4827 10” Round Electro- Electro-
magnetic magnetic
SC-4852 19” Round Electro- Electro-
static magnetic
SC-4876 21 Rectangular Electro- Electro-
static magnetic

Typical capability: satellite tracking pattern on 21” screen. Coastline in
yellow, orbital paths in green, tracking stations in orange, moving satellite
position in red.

In air-traffic control displays, our multicolor CRTs
could be used to provide quick and positive information
of different altitudes, positions or stacked aircraft prob-
lems. Different colors could be used to indicate various
runways, holding patterns or air traffic lanes.

In computer displays, color can be used to indicate
newly changed, added, deleted or other particularly sig-
nificant data.

In stock quotation displays, green could be used to
indicate a stock sharply up; yellow a stock slightly up;
orange a stock slightly down; and red a stock sharply
down.

In electronic test equipment, different input waveforms
could be displayed in different colors—all with full bright-
ness and resolution.

In fact, just think of any information-display applica-
tion where a multicolor display could facilitate compre-
hension. Our new 1-gun multicolor CRTSs can help you.

CIRCLE NUMBER 302
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Industry’s broadest
beamiead Schottky
diode line.

In microwave integrated circuits, Sylvania’s Schottky
beamlead diodes give you many new and more reliable
solutions to circuit design problems. .. at a price com-
petitive with discrete components.

Now, with our newly expanded line of low frequency
(UHF to L-band) and high frequency (up to X-band)
Schottky diodes, Sylvania can help you solve microwave
integrated circuit problems...with new solutions not
available before.

In a line that already includes twenty devices, we can
satisfy your requirements for broad frequency coverage
with a variety of circuit configurations, a choice of pack-
ages and on many different substrates.

Let’s take the latter two points, for instance. Our
Schottky diodes are so packaged that they are readily
adaptable to stripline circuits, microstrip, chip and wire
...or for insertion in printed circuit boards. Substrate
materials can be alumina, sapphire, fiberglass epoxy or
other standard materials.

The D5800 series includes diodes in three forms: un-
mounted chips, chips that are mounted on fiberglass and
chips on ceramic substrates. Fiberglass substrates are
also available mounted and sealed in a TO-5 package. The
unique and versatile packaging concepts make for easy
insertion in stripline, microstrip, and hybrid circuits as
well as in modular units using printed circuit boards.
Pairs and quads are also available in the low-silhouette
TO-5 package. Sylvania beamlead pairs designed as 500
MHz mixers exhibited a conversion loss of less than 6 dB.

Sylvania’s D5800 series of Schottky barrier beamlead
diodes can be used as mixers, detectors, modulators, low-
power limiters and high-speed switches at frequencies
from 1 MHz to L-band. The device is available in 15
different configurations.

Sylvania’s S through X-band beamlead diodes, the
D5830 series, are supplied in chip form or are mounted on
alumina substrates. The device’s small junctions help
them to operate at these higher frequencies. For example,
overall noise figures of less than 8 dB are attainable in a
balanced X-band mixer fabricated on an alumina sub-
strate. ;

The D5830 series is also quite versatile and can be used
in such applications as mixers, detectors, modulators,
low-power limiters and high-speed switches at frequencies
from 2 to 12.4 GHz.

In matched pairs design flexibility is retained by hav-
ing both diodes mounted separately on a common sub-
strate. The ring configuration is especially useful as a
modulator or upconverter at these higher microwave fre-
quencies. (Both of these configurations are shown in the
D5830 chart.)

Custom types available

In addition to the types in the D5800 and D5830 se-
ries, Sylvania can design and supply other custom con-
figurations to suit your specific needs.

Another important advantage in considering beamlead
Schottky barrier diodes is inherent small size...even

smaller than conventional Schottky package sizes, mak-
ing possible even more compact circuit design.

And there are two ways of considering their cost
economy factors:

Price: In low volume, the beamlead Schottkys cost
approximately the same as standard Schottky types. But
in high volume...because of batch processing economies
... Sylvania can pass the production savings along to you.

Handling cost: Your costs for handling and assembly
are reduced when using beamlead Schottky duals and
quads. The ease and simplicity of mounting means that
these arrays lend themselves readily to automated and
mass production processes.

While it is not possible to characterize all these
Schottky devices for rf parameters at this particular
time, dc characteristics can be specified that will assure
you excellent operation at microwave frequencies. As for
the pair and quad arrays shown in the tables, we assure
close matching from unit to unit by specifying a AVy
at 2 mA forward current.

What is “Beamlead”?

In case you’re not familiar with these devices, a beam-
lead diode consists of an active junction formed on a suit-
able substrate (silicon in the D5800 and D5830 series,
shown in the tables) with metallic beam leads. The leads
are grown from the junction and extend beyond the edge
of the substrate. They are precisely located with respect
to one another.

This process of lead attachment eliminates the prob-
lems and deficiencies normally found in devices where
leads are bonded to the chip junction on an individual
basis. Total height of the chip is approximately 1.5 mils.
Beamlead connections to both the base and the junction
are on the same side of the chip, facilitating mounting
procedures.

Important to remember in using beamlead Schottky
chips is the fact that, because they are extremely small,
they are somewhat difficult to handle and mount unless
suitable facilities are provided. Bonding to the metallized
land areas of either fiberglass or alumina substrates is
best accomplished with a form of thermal compression
bonding. It is only necessary to apply a thin coating of
epoxy over the bonded unit to assure stable operation
under conditions of severe environment.

The reason Sylvania supplies beamlead devices as
singles, pairs, and quads on a fiberglass substrate is to
facilitate their use in stripline systems. This same wafer
can also be mounted on a TO-5 header for applications
using printed circuit boards.

The alumina substrate was chosen to fit in with miero-
circuit design techniques. A thin coating of epoxy is used
for protection of the junction. This coating is kept ex-
tremely thin to allow the wafer to be inverted and bonded
directly on the microstrip. This keeps circuit mismatch
to a minimum by reducing lead lengths.

The TO-5 package was selected because, as an industry
standard, it is adaptable to automatic insertion in printed
boards. Sylvania makes it available in either 4- or 6-lead
configurations. This hermetically sealed version is ideally
suited to military equipments having high acceleration
rates or high shock requirements.

The use of these devices is not limited to rf applica-
tions. They are finding increasing use in digital circuits
as high speed switches and as nanosecond sampling de-
vices for test equipment.

CIRCLE NUMBER 303




Up to X-Band

ALUMINA
CERAMIC
100 MIL DIA

Electrical Characteristics (Typical):
Breakdown Voltage @ 10 mA
Forward Voltage Drop @ |F 2.0 mA
Total Capacitance @ 0 bias

Vg 4 volts min
VF 0.55 volts max
C1o 0.6 pF max

Dissipation at 25°C 75 mW
Allowable Junction Temperature (max) 150°C
Series Resistance 15 ohms max

L-Band devices

FIBERGLASS
250MIL DIA

Electrical Characteristics (Typical):
Breakdown Voltage @ 10 A
Forward Voltage @ =Ir = 2.0 mA
Total Capacitance @ 0 bias

Vg 4 volts min
V¢ 0.5 volts max
Cto 1.0 pF max

Dissipation at 25°C 100 mW
Allowable Junction Temperature (max) 150°C
Series Resistance 10 ohms max

SCHEMATIC

Included in L-band beamlead pack-
ages, dual Schottky diodes on fiber-
glass substrate (above) and matched
pair (below).

Matching Specifications:

Pairs AVF =15 mV max @ Ir = 2mA

Quads (all four diodes matched to within these limits)
AVF=20mVmax @ Ir =2mA

Suggested Mounting Methods:

1. Unmounted chips—Thermal compression bonding—Welding

2. Ceramic wafers,
Fiberglass

—Welding—Thermal Bonding—Soldering
wafers

ALUMINA
CERAMIC
100 MIL DIA

oy

Matching Specifications:

Pairs
AVF=15mVmax @ Ir =2 mA

Quads (all four diodes matched to within these limits)
AVF=20mVmax @ Ig = 2mA

Suggested Mounting Methods:

1. Unmounted chips—Thermal compression bonding—Welding

2. Ceramic wafers,
Fiberglass

—Welding—Thermal Bonding—Soldering
wafers
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Etched leads: a new idea
for connecting high-
resolution EL bar graphs.

Chemically etched connector leads provide a new, con-
venient way to connect high-resolution EL bar graph
panels to translator-drivers, particularly on printed cir-
cuit boards.

Now Sylvania has a new idea for connecting EL bar graph
panels.

We take a single connector strip and chemically etch it
to provide extremely precise control of individual lead
dimension and lead spacing. This type of connector is
ideally suited for mounting an EL readout panel directly
onto a printed circuit board by soldered connections.

We offer it as an alternative to the pin-type plug-in
mounting configuration featured on our current EL bar
graph panels.

Why EL?

After years of research and development on informa-
tion display systems, we feel that EL panels—from the
point of view of design, operational and human engineer-
ing considerations—are among the most useful, functional
and efficient readout devices available.

i

Chemical etching provides extremely precise control of lead width and inter-lead
spacing. Alternate leads may be bent in opposite directions to facilitate soldered
connections to a printed circuit module.

Typical high-contrast digital display.

Typical random access
panel. EL dots—up to 100
per square inch—may be
illuminated in any combi-
nation to display virtually
any type of information,
digital or pictorial.

When required, they can display information faster
than the human eye can respond; yet they can retain it
for as long as necessary. They are highly immune to
catastrophic failure. They have an extremely wide view-
ing angle—almost 180°—and with none of the ‘‘bloodshot-
eye” look characteristic of multi-plane incandescent and
gas-glow tubes. You don’t have to look through nonil-
luminated characters to see the one that’s lit.

EL panels readily display any type of information
desired: letters, numbers, pictorial or analog data, quan-
titative comparisons—and can be designed to your specific
requirements. Their soft blue-green light is very easy on
the eyes and, on special order, can be adjusted to suit
ambient light conditions. Spectral emission approximates
that of the human eye to permit prolonged viewing with-
out fatigue.

And now—with our new hermetically sealed all-glass
panels—you can specify your own brightness levels up to
50 fL at 250 v, 400 Hz . . . or 25 fL at 115 v, 400 Hz.
Contrast may be increased by changing the transmission
characteristics of the glass faceplate. A panel with an
intrinsic brightness level of 50 fL. would still provide a
useful light output of 30 fL with 609, transmission glass
for higher contrast, and about 15 fL with 309, trans-
mission for extremely high contrast.

Sylvania applications engineers would like the oppor-
tunity to help you develop the necessary back-up circuitry
and translator-driver systems to adapt EL readouts to
your specific needs.

CIRCLE NUMBER 304

Three high-contrast bar graphs in our all-
glass hermetically sealed construction. Bar
graphs provide faster, more graphic evalua-
tion of comparative data than metered dis-
plays. New chemically etched leads permit
resolution up to 50 lines per inch.




IDEAS / Shadow Masks

Improved color purity in
TV picture tubes over full
operating tlemperature range.

Temperature-compensated shadow mask maintains
color purity and uniformity through complete cycle from
“Off"” to full operating temperature.

A

The effect of thermal expansion of the aperture mask in

past color picture tubes has been such that the best tube
setup is different after the tube has been run for a certain

time than when it is first turned on. Thus it has been ()
customary to set up receivers after running them for the

eriod of time that is required to reach a typical operat- ) !
.p hil (;1 yp p d With Sylvania’'s temperature-compensated shadow mask, alignment be-
ing tempera'ture. While this assures 0019" purity at Stan. =~ tween electrons and phosphor dots is maintained over the entire screen
ard operating temperatures, it occasionally results in area for constant color purity. Poor color quality can result from thermal
blotches of improper color, particularly at the outer | ©XPansionofthe mask (shown below).
edges of the screen when the set is operated continuously

over many hours.

This phenomenon occurs when some of the holes in the
aperture mask fail to direct the electron beams precisely
onto the screen phosphor dots because of lateral expansion
of the mask.

But if the aperture mask moves toward the screen as it
expands outwardly, each hole travels essentially along
the axis of its own electron path, and very little registra-
tion change occurs. Our temperature compensation sys-
tem achieves this forward motion.

By utilizing a new Sylvania designed support system, the
aperture mask is allowed to move toward the screen to

compensate for any lateral movement in the mask caused
by thermal expansion. The result is total beam-to-dot
contact through each aperture mask hole and its respec-
tive dot triad. Constant color purity is assured over the
full screen area at switch-on time and throughout the
entire set operating period.
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IDEAS/ M anager's Corner

Color TV:
Out of the dark ages.

Remember the early 60’s? The dark ages of color TV?

Then you’ll also remember 1964 when the color TV
scene changed. It was then that the rare earth europium
phosphor system was applied to television screens. For
the first time, bright rich reds became possible, and blues
and greens were ‘“‘unleashed” in a color television picture
tube that was 43% brighter than any other tube on the
market at the time.

And the company which first used the europium sys-
tem was Sylvania.

Even before the rare earth screen, a new method called
“‘dusting” was used for applying the phosphor dots to the
color tube faceplate. Dusting was found to have an in-
herent brightness advantage over the still widely used
slurry method. So dusting was patented.

Again, the company was Sylvania.

Other picture tube manufacturers soon caught on.
Most started using rare earths within a short time, and a
few even began experimenting with ““dusting.”

In fact, during 1967 two manufacturers caught up to
us and began producing color picture tubes as bright as
our color bright 85® tube.

But that was last year.

Today, several patents later, Sylvania has an all new
color bright 85 tube. It’s by far the brightest shadow-mask
tube available: 23% brighter than Number Two and a lot
more than 23% brighter than the other brands.

In addition, our 1968 color bright 85 has a Sylvania
engineered temperature compensated shadow mask and a
new electron gun for improved focus and spot resolution.

But there’s more to a color set than a good picture tube,

so we're backing up these advances with new designs in
receiving tubes.

For example, our new 3CU3 posted filament high volt-
age rectifier provides less-than-a-second warm-up, elimi-
nates shorts due to shock, vibration and high tempera-
tures, and it’s designed to last about three times longer
than previous HVR’s. Or take our new 6 LR6 horizontal
deflection amplifier tube: it provides an 2 ratio of 20 to 1,
minimizes “‘snivets’’ by means of its variably spaced beam
plate structure, and just about eliminates catastrophic
shorts because of its internal cooling capability. Both of
these tubes are designed for color sets of the future.

But why receiving tubes?

This year only about 1.5 per cent of color sets will be
solid state, 20 per cent will be hybrid, and 78.5 per cent
will be tubed. And the industry is looking forward to 6.3
million color set sales by the year’s end.

Even by 1970 we predict that 30 per cent of color sets
will still be completely tubed, with 58 per cent hybrid and
12 per cent completely solid state.

Both our 3CU3 and 6LLR6 are designed for high voltage
and high power sections of the color receiver—sections
which are not apt to be converted to solid state in the
near future.

As proud as we are of these contributions to the state
of the art, we have no intention of coasting on our
reputation.

The next time you hear of a new idea in color TV com-
ponents, chances are it will have come from Sylvania—
the company that brought color TV out of the dark ages.
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J. W. Ritter
Marketing Manager, O.E.M.

This information in Sylvanié Ideas is furnished

without assuming any obligations.
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your local Allen-Bradley distributor has the components for this

AB Modular Control Center in stock—
installation can start as soon as tomorrow!
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All modular mounting racks will accept A-B disconnect switch or
circuit breaker combination starters—also in the reversing, and
multi-speed construction. There are also various size enclosures
equipped with universal mounting plates for mounting contactors,

Keep one or more of the A-B modular frames in your stockroom—
and you can start the assembly of your control center immediately
that its need is discovered. Don't wait weeks and months for a
factory designed and built motor control center. It has virtually

nothing of value to offer which is not represented by greater value in
the A-B modular design—and the latter is vastly more flexible.

IS "hﬁf!?" b

Here’s a radically new idea in motor control that
greatly simplifies the installation of a multi-unit control
center. It is now a job your electrical contractor—or your
own plant’s electrical department—can handle just as
easily as a Harvard graduate.

The basic purpose of the new AB Modular Control
Center idea was to save you lots of time and lots of money
—providing all costs are taken into account that you have
to reckon with when you buy a factory designed and
factory assembled control center. For instance, how about
the “‘rigger’s” bill for getting the heavy and awkward
assembled control center to that one particular place
where it is to be installed.

The Allen-Bradley modular control can be located any-
where—in fact, it can be assembled in several sections
—to fit any space that you have available—it can be
installed around corners!

With each starter self-contained in its own enclosure,
this is a safety feature not inherent in factory built control

467M-1

relays, timers, terminal blocks, etc.

centers. In the event of a short circuit, the same would be
confined to the one starter enclosure. In the factory built
control center, such a short circuit would usually have
“the run” of one entire section of the control center con-
taining six to eight—or more starter units.

Modern as is this A-B control center concept, it is dis-
tinguished by the convenience in “laying out” and as-
sembling even a very large job, and it has the important
advantage that all components and starters are produced
in the Allen-Bradley plant and tested under the usual
Allen-Bradley “quality” specifications. You cannot buy
anything but “A-B quality” from the appointed A-B
quality distributor.

Your local Allen-Bradley appointed distributor will be
pleased to demonstrate to you the easy assembly of an AB
Modular Control Center. Please contact him today. Or
write for Bulletin 797: Allen-Bradley Co., 110 West
Greenfield Ave., Milwaukee, Wis. 53204. Export Office:
630 Third Ave., New York, N. Y., U.S.A. 10017.

ALLEN-BRADLEY

QIUAILITY MOTOR CONTROIL
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Sure way to target in
on all your toggle needs.

Call MICRO SWITCH!

You’ll score every time, no matter what combination
of features you require. MICRO SWITCH offers the
world’s broadest line of toggle switches with an almost
limitless selection of specifications. Such as size, cir-
cuitry, capacity and toggle action.

You can select special features, too, and get them
right off the shelf. For example, environment-proof con-
struction, magnetic hold-in, electric memory, and dry
circuit capabilities.

Many in the MICRO SWITCH line are designed to
meet military specifications. What’s more, quality is

assured by a program that is the model of the industry.

Maybe you can use some new design ideas—ways
to simplify circuit design, combine functions in fewer
controls, improve operator efficiency. The most exten-
sive field engineering staff in the industry is available to
offer you help and suggestions whenever you need them.

A sampling of our thousands of toggle switches are
shown at left and described below. For more details,
calla Branch Office or an Authorized Distributor (Yellow
Pages, “Switches, Electric”’). Or write for Catalogs 51
and 52.

1. Miniature toggle switches, Type TW—
Weight and space savers (extend only
5&" behind panel), yet they provide good
operating feel and 35° toggle travel.
Molded-in terminals. Lever seal and op-
tional panel seal. Versatility, too: ¥4 or
154 inch bushings. 1 or 2 pole. Small,
standard or large pull-to-unlock levers
with 2 or 3 positions. Colored lever caps.

2. Environment-proof toggle switches,
Type TL—Only switch of its kind which
meets the complete environmental seal-
ing requirements of MIL-S-3950. Case
is of high impact, arc-resistant material.
Rugged, molded-in, stepped terminals.
1, 2 or 4 pole. 2 or 3 position with
momentary or maintained action, and
special “on-on-on” circuitry. Standard
or pull-to-unlock levers. 15 amps 115
vac, 20 amps 28 vdc.

3. Assemblies with subminiature basic
switches, Type AT—Versatility is the
keyword for these compact assemblies.
Miniature, standard, or pull-to-unlock
levers. Momentary or maintained con-
tact action 2 or 3 position levers. 14 or
14 inch bushings. Up to a dozen or more
precision snap-acting Type SM basic

switches, each SPDT. Silver contacts for
5 amp. rating or gold contacts for low
energy reliability. Solder post, or single
or double turret terminals.

4. Assemblies with high-capacity basic
switches, Type AT—Precision snap-act-
ing Type V3 basic switches are UL and
CSA listed for 15 amps and Y5 hp at
125-250 vac. Up to 10 individual SPDT
switches can be ganged in one assembly.
Rugged construction, positive 3-hole
mounting. Two lever lengths. Conven-
ient screw terminals.

5. Magnetically-held toggle switches,
Type ET—Two or three position levers,
magnetically maintained, manual or re-
mote electrical release. Environment-

proof construction. MIL-S-3950 (im-
mersion-proof). MIL-S-5272 (explosion-
proof). SPDT or DPDT. Turret, screw
or leadwire terminals. Standard, flat tab,
or pull-to-unlock levers.

6. Assemblies with hermetically sealed
basic switches, Type AT—Maximum pro-
tection for switch contacts with hermet-
ically sealed (MIL-S-8805, Class 5) sub-
miniature or standard size precision basic
switches. MIL-S-5272 (explosion-proof).
MIL-S-6743 (corrosion-resistant). For
temperature extremes from —300° to
+500° F.

7. Rocker button toggle switches, Type
TP—Pushbutton operation with toggle
switch versatility. Translucent button for
edge-lighting and engraved legends, or
transparent button for removablelegends.
Above-panel or flush-panel mounting.
Same circuitry and rating as Type TL.

8. Panel sealed toggle switches, Type TS
—Rugged construction, vibration and
shock resistant. Sealed lever, plus panel
seal (MIL-S-3950B). 1 or 2 pole, 2 or 3
position. UL and CSA listing: 15 amp.
125-250 vac, 15 hp 125 vac, 1 hp 250 vac.
Solder,screw, orquick-connect terminals.

MICRO SWITCH

FREEPORT, ILLINOIS 61032

A DIVISION OF HONEYWELL

HONEYWELL INTERNATIONAL ¢ Salesand service offices in all principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France,Japan
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Best connectors on

Blade-type connector. A rugged two-piece printed Leaf-type connector. A one-piece connector for
circuit connector that meets MIL-C-21097B. Tab single or double-sided printed circuit boards. Snap-in
housing of diallyl phthalate or phenolic is clinched and leaf contacts lock in place on .156" centers, maintain
soldered to the daughter board. Receptacle constant pressure on circuit paths. Contact tail end
contacts are crimp, snap-in type. Contact options options include crimp-to-wire, wrap post or solder
include wrap posts or solder tabs. tab. Housings of diallyl phthalate or phenolic

are eggcrated. Contacts not pre-loaded; use only
number of contacts required.

FANE . F N ¥y B : :
Fork-contact connector. A d‘neéb‘ie_ e poly /7 Right-angle connector. Compact one-piece connector
connector with eggcrated contact cavities saves space in sub-assemblies on vending machines,
up to 33 positions. Capability for,.100" center ing. appliances, etc. Right-angle board entry facilitates
Improved fork contact design with large cu compact cabling. Housing may be keyed; slips on
contact surfaces for smooth insertion and excellent board edge. Recessed snap-in fork type contacts:
conductivity. Crimp, snap-in contacts. available in 3 to 22 positions.




the printed circuit.

TERMI-TWIST* Connector. This connector Part of a complete line of AMP-UNYT* printed circuit
combines economy and reliability with highly efficient connectors available from AMP . . . Worldwide.
application tooling techniques. Closed entry diallyl
phthalate or phenolic housings accept boards from
.054" to .071" thick. Snap-in, bifurcated contacts
adaptable for a wide variety of wire attachment
methods. Can be used with solder, weld, wrap or
TERMI-POINT* clip techniques.

*Trademark of AMP Incorporated

Box-contact connector. A superior two-piece A full range of semi-automatic and fully automatic
board-to-board or board-to-wire connector provides machinery is available for high-volume production
high density with low insertion and extraction forces. and lower installed cost. AMP’s large assortment
Unique contact design allows wide mismating of printed circuit connectors permits proper selection
tolerances. Ten to 180 contacts on .075" centers. of the best connector for any requirement. Matched
For black-box, computer and other high reliability tooling plus advanced engineering give you
applications. Exceptional low cost for exclusive unsurpassed performance, economy and reliability.

features incorporated. For detailed catalog information on these products,

contact AMP Incorporated, Harrisburg, Pa. 17105
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DC to S0 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, =250 mw;

1024 channels; Noise
Generator: sequence length,
1,048,575; clock period,
3.33 psec.

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 noise 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 select-
able length that are thoroughly defined and repeatable.

Because the 3722A employs a unique combination of
digital and analog filtering, it is able to produce usable
controllable power at low frequencies not previously pos-
sible. And, too, the digital nature of noise generation
enables exact 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 responses can be completely defined.

40 Circle 40 on reader service card

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 earth turbulence—and other real-time analog
simulation. HP 3722A, $2650.

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

18703
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The Heinemann Series JA
circuit breaker

Legend has it that the equipment that
wears one is forever safe from harm. (Al-
though our claims for it are considerably
more modest.)

We do believe, however, that a bouquet
of color-coded JA's on your equipment
panel will give you a distinct feeling of
well-being.

For one thing, those bright JA color caps
make your panel look better. (They also
make faults easier to find and correct.)
There are nine happy colors to choose
from.

For another, you have all the advantages
of Heinemann'’s kind of hydraulic-magnetic
protection working for you.

What advantages?

Ultra-precise current ratings, from 0.020
to 30 amps, in fractional increments. Ab-
solutely temperature-stable current ratings
and trip-points. Job-matched overload re-
sponse curves. Special function internal
circuits like relay-trip, auxiliary-switch, and
so forth. Multipole models for multiple pro-
tection requirements.

And a five-year warranty.

We think maybe the warranty was the
beginning of the legend.

For more information on our colorful
JA breakers, write for Bulletin 3350,
Heinemann Electric Company, 2700 Bruns-
wick Pike, Trenton, N. J. 08602.

IR > l
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Diamond and Sapphire Necklace by J. E. CALDWELL Co., Philadelphia—$15,500.

Servo Motors, Generators and Tachometers
by CLIFTON

When we talk about Clifton QUALITY in our servo
motors, what do we mean?

Things like this.

Extra care in manufacture by a crew which has spe-
cialized in rotating components for 20 years.
Increased reliability due to hand inserted windings.
All internal connections welded, not soldered.

Pinion Rockwell C hardness of 36 to 42 for the most
critical part of your gear train.

42 Circle 42 on reader service card

All units will perform in an ambient of 125°C. Insu-
lation system for 200°C applications is available.

You expect more from Clifton in all their rotating
components. Why take less?

Call your local Clifton Sales Office, or telephone
215 622-1000.

CLIFTONJ

DIVISION OF LITTON INDUSTRIES
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IF YOU THINK
YOU'VE SEEN IT ALL
IN STATE-OF-THE-ART
GERMANIUM POWER
TRANSISTORS,

~ whene the priceless ingrediont i cane!
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State-Of-The-Art

State-Of-The-Art State-Of-The-Art

2 &

State-Of-The-Art

Gain Current Efficiency Voltage
200-800 @ 5A 100 Amperes (peak) 75 Millivolts (typ) 325 Volts Veex

2N2912 @55V—2N4283 Vce(ay @50 A—2N2728 @ 7mA—2N5325

NAHEN AR ARAR IINNNERREE
WATCH THIS SPACE.

You’ll see what we mean when we say germanium still repre-
sents a totally unique area of power transistor capability and
performance for the most demanding designs.

For example, the new 2N5325 HV unit — considered the best
combination of price/performance for general purpose use in
switching, inverter and industrial power supplies—offers guaranteed
excellent safe operating area . . . specified at 3 A and 10 A. Recently-
doubled beta of the 2N2912 — highest in the industry — makes this
Motorola-developed, 10 MHz device ideal for Darlington replace-
ments and applications in low-voltage power sources as fuel cells
and satellite circuits. And when every millivolt counts in voltage-
critical power converters, 2N2728 capability offers saturation resist-
ance of only 0.0015 ohms . . . less than that of one foot of 12-gauge
copper wire!

Send for our Germanium Power Transistor Selector Guide —
quick-glance listing of most-preferred Motorola types from 3 A to
150 A and cross-reference key to more than 3,000 devices. It reflects
our long-term view that germanium’s inherent capabilities can’t be
beat for many of today’s rugged power transistor circuits.

With that kind of attitude, you’d expect to see a lot more
germanium power transistor developments from Motorola in the
coming months.

You'll be looking in the right place.

1 8 B

MOTOROLA

Semiconductor Products Inc.
P.0. BOX 955 L4 PHOENIX, ARIZONA 85001
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DIGITAL OUTPUT

It’s the fastest.

It's the most accurate.

The M D51 is a high-level 64 channel
multiplexer, a sample and hold ampli-
fier and a 15-bit A to D converter, all
in a single chassis. It has a total sample
and conversion time of 10 microsec-

Circle 44 on reader service card

MULTIPLEXER Al

onds max. and an accuracy of 0.01%.

And it sells for under
$10,000. If that doesn’t
say it all, write for the
rest.

205

Scientific Data Systems,
Santa Monica, California
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backscatter immediately in front modifications that will enable

Oceanography

Underwater eyes

Oceanographers have long consid-
ered lasers as potential tools for
illuminating the murky deep. This
potential appears to be headed to-
wards reality with a laser-television
system developed by the Kollsman
Instrument Corp.

Called Udacs, for underwater de-
tection and classification system,
the laser can sight objects eight
times farther away than can the
naked eye.

Although developed specifically
for the Navy, Udacs’ potential ap-
plications go well beyond the mili-
tary’s undersea detection and sur-
veillance. They include navigation
in uncharted waters, recovery and
salvage operations, detection and
classifications of fish, inspection of
underwater structures and cables,
and mining and farming on the
ocean bottom.

Off and on. The Syosset, N.Y.,
firm based Udacs on laser range-
gating, which minimizes glare and

of the tv camera. Laser bursts are
synchronized with the camera’s on-
off switching—when the laser is on,
the camera is off. After the beam
of coherent light has traveled to its
target and back—usually in nano-
seconds—the camera turns on to
pick up the target’s image, but none
of the backscatter. This process is
repeated at conventional tv scan
rates, thereby creating a continuous
image on the tv receiver on board a
surface vessel.

Udacs, which has a resolution of
450 lines and a range of 90 feet, is
currently undergoing tests at the
David Taylor Model Basin in
Carder Rock, Md.

An image intensifier is used as a
high-speed shutter. At 10-nsec in-
tervals, the transmitter emits a laser
pulse with a 500-kilowatt peak
power at 5,300 angstroms. The re-
ceiver modulator, which produces
an 8-kilovolt pulse that is applied
to the image intensifier, obtains an
absolute time reference from a pho-
todiode that is energized by the
laser itself,

Kollsman is now working on

Udacs to sight objects that are 200
feet from the camera.

Avionics

Multiplexing the LSI way

Large-scale integration has made
its way into a pulse-code modula-
tion telemetry system. At the North
American Rockwell Corp.’s Auto-
netics division, Duane Fox, super-
visor of multiplexing technology
for the data systems unit, says the
telemetry module represents a
technological advance that will
make multiplexing more attractive
than it already is. [For more on
multiplexing in airplanes, see p. 25].

“There have been small telem-
etry systems that use microelec-
tronics,” says Fox, “but I don’t
think there have been any that use
metal oxide semiconductor IC’s.”
The most sophisticated chip in the
Autonetics system, the Mod 2, is a
monolithic 110-by-116-mil MOS de-

Night and day. The Kollsman underwater laser-television system illuminates an underwater target, which to the
unaided eye (left) was only a blur. The system’s resolution is based on a range-gating technique, in which laser
bursts are synchronized with on-off operation of a tv camera, minimizing backscatter.
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Electronics Review

vice that contains 300 field effect
transistors in a hybrid thin-film
package 1.78 inches long and 0.95
inch wide. The same package con-
tains all the logic for the telemetry
system and does all the digital-to-
analog and analog-to-digital con-
version. Mod 2 is made up of three
hybrid thin-film packages and five
metal flatpacks—each flatpack con-
taining the monolithic MOS chip.

The entire module fits on a 5%-
by-3%-inch board. Fox says a sin-
gle Mod 2 can do the work of six
modules in today’s most advanced
telemetry systems, which are made
with discrete devices and bipolar
integrated circuits. Autonetics uses
bipolars and discretes in its mod-
ule, too.

Random access. The Mod 2 can
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multiplex 64 single-ended or 32 dif-
ferential channels, or any combina-
tion of the two. It can handle one
data channel at a time sequen-
tially, or function as a random-
access multiplexer using the same
MOS chip.

Says Fox: “You won't find any
analog-to-digital converters this
small with this accuracy. Nor is it
likely that you will find MOS logic
in a-d conversion.” Successive ap-
proximation with voltage summa-
tion is used in the conversion.

Of the three 40-lead thin-film
packages, one contains the logic,
level translators, 22 bipolar IC’s—
diode-transistor-logic NAND gates
and flip-flops—four discrete tran-
sistors, two discrete capacitor
chips, and several nichrome resis-
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Segment April March April
of industry 1968 - 1968* 1967
Consumer electronics . ... . .. .. 98.4 104.3 87.3
Defense electronics 157.3 154.1 138.1
Industrial-commercial

SIeCTEONICS T Il o Al i e 121.7 121.6 120.2
Total industry - a0, 136.8 136.1 124.1

Electronics production inched up 0.7 point in April to 136.8, 12.7 index
points above the year-earlier level. Consumer output declined 5.9 points
from March, but was still 11 points ahead of the April 1967 figure. De-
fense electronics production rose 3.2 points in the month, while a 0.1
gain was posted in the industrial-commercial area.

Indexes chart pace of production volume for total industry and each segment.
The base period, equal to 100, is the average of 1965 monthly output for each
of the three parts of the industry. Index numbers are expressed as a percentage
gf Rthe' badse period. Data is seasonally adjusted.
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tors. A second package contains
ladder switches and ladders with a
10-bit accuracy. The other package
is partitioned into two parts—a
comparator and an analog differ-
ential amplifier. The system itself
has a resolution of one part in
1,024 bits.

“The output of the comparators,
which compare the analog input
with the voltage generated by the
ladder and logic, peaks the logic
in a successive approximation
scheme,” Fox explains. Sequential
commutation of 16 single-ended
channels or eight differential chan-
nels is provided in the monolithic
MOS IC’s.

Versatile. “Besides multiplexing
analog signals,” says Fox, “the MOS
chip can operate as a function gen-
erator—generating 2'¢ functions—as
a parallel-to-serial converter, a code
generator, a four-bit binary de-
coder, or a four-bit storage register.
We found out after we built it that
it serves as a universal building
block. It has storage and decision
capabilities, and that’s all you need
for all the logic of a computer.”

Autonetics completed Mod 2’s
development just two months ago.
And the company’s engineers are
already at work on a new MOS chip
that Fox says is even better than
the one used in the Mod 2. It will
dissipate just 50 milliwatts vs. the
Mod 2 chip’s 250 mw.

High lighting

Lear Siegler Inc. was awarded a
contract by the Air Force last year
to reduce the power requirements
of the instrument panel on a T-39
jet trainer. Not only did the com-
pany succeed in cutting the power
in half by using electroluminescent
panels, but it also made the panel
easier to read and got more dis-
plays in the same space.

In addition, the heat produced
by the indicators was reduced by
about 50°F. In the old panel, the
instruments were lighted by incan-
descent bulbs and the moving dis-
plays were operated by a maze
of servomotors, gears, tapes, and
pulleys.
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Shadowy. A major problem in
using electroluminescent panels in
aircraft is that sunlight tends to
wash them out. Lear Siegler wasn’t
particularly stumped by this,
though; the firm had been working
for several years on methods of
increasing the contrast between
lighted and unlighted areas. Ac-
cording to Leroy Addis, a project

were to be replaced produced some
of this heat, there were other
sources. The attitude direction in-
dicator (ADI), a unit (below) that
shows the pilot his position with
respect to the ground, consists of
a sphere representing the earth
with two degrees of movement, and
two movable crossbars whose in-
tersection represents the plane.

LANDING BEACON INDICATORS
LANDING SPEED INDICATOR
SPEED ERROR RATE

LOCALIZER BEAM INDICATOR

RATE OF CHANGE TO OR FROM
BEAM PATH

rpm, the segment next to 100 on the
scale can be lighted. As a further
warning, the panel can be flashed
on and off when the 100 mark is
reached.

Rear view. Electroluminescent
panels are also used for back light-
ing and edge lighting. Cutouts are
made in the instrument panel and a
panel placed behind it, or a panel is

1N

Easy on the eyes. Electroluminescent instrument panel (on right) is easier to read and supplies more information
than conventional panel. Moving lights indicate landing beacon position and landing speed and their rate of change.

engineer, “We have developed a
coating that cuts down on reflected
light by 60%.” The coating is ap-
plied to the entire face of the panel,
covering lighted and unlighted
areas. The effects of ambient light
are reduced 30% going into the
panel and 30% coming out, while
the light emitted from the panel is
cut by the coating by only 30%.

Another problem with electro-
luminescent panels is moisture. “If
you look at the electroluminescent
night-light that you may have at
home,” explains Addis, “you may
notice that after a while a small
dark area appears on the face of
the panel. This spot is caused by
moisture, and it grows until it cov-
ers almost the entire face.” To pro-
tect against this, Lear Siegler has
developed a hermetic seal that en-
velops the entire panel.

High temperature is another fac-
tor to be reckoned with. The am-
bient temperature behind the in-
strument panel is about 160°F, and
though the incandescent bulbs that
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The servomotors and gear trains
needed to position these parts gen-
erate considerable heat.

Beat the heat. Since the ADI is
manufactured by Lear Siegler, it
was up to its engineers to redesign
the unit. The new ADI employs a
d-c torquer with an integrated-cir-
cuit drive system. The use of this
unit, plus the elimination of the
bulbs, has cut the temperature to
about 110°F.

Three types of electroluminescent
lighting are used in the instrument
panel—edge, back, and direct.

On the original T-39 panel, en-
gine conditions such as speed, tem-
perature, pressure, fuel flow, and
fuel quantity were indicated by cir-
cular analog meters. On the new
panel, bar graphs composed of elec-
troluminescent segments make it
easier to compare the operation of
the engines, besides being easier
for the pilot to read. An added ad-
vantage is that limits can be set on
the indicator. If, for example, en-
gine speed shouldn’t exceed 100

mounted on the instrument panel
and the background is blacked out.

Edge lighting involves a system
similar to that employed with in-
candescent bulbs. After a glass
wedge has been placed behind the
faceplate of the instrument, electro-
luminescent strips are mounted
along the edges of this wedge and
their light is directed onto the
meter’s surface.

But one area where electrolumi-
nescent panels really shine is in the
implementing of new types of dis-
plays. Along the bottom and left
side of the ADI on conventional
panels are two landing indicators,
one showing the plane’s position in
relation to a landing beacon and
the other indicating whether the
plane is coming in too fast or too
slow. These indicators consist of a
fixed pointer and a moving tape
controlled by a servomotor. When
electroluminescent segments are
used, the pilot not only knows he’s
coming in too fast and to the left,
but how far to the left and how
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fast. Segments are positioned
alongside the position and speed
indicators to indicate rates of
change. The effect is that of a
strobe, with the segments moving
along the edge.

Making a point

Small digital airborne computers
may be moving up in class. Until
now, all machines of this type em-
ployed fixed-point arithmetic. But
IBM’s Federal Systems division has
changed this with its 4 Pi Model CP
computer that will now use float-
ing-point arithmetic—a technique
common in larger systems.

With the fixed-point technique,
whereby decimal points are given
fixed location, scaling is difficult.
And this placement of decimal
points is often imprecise. In some
cases, the user has to bypass the
computer and turn to that old-fash-
ioned engineering tool, the slide
rule. Even programing is difficult.
Such common computer languages
as Fortran and PL-1 can’t be used
because they are intended for proc-
essors with floating-point arithmetic
only.

Time saver. Gilbert C. Vandling,
an advisory engineer at IBM, sees
the floating point as a major devel-
opment for airborne computers. He
believes that computers can be
readied for operation faster with
the floating point than with the
fixed point.

“The time between a computer
buy and its readiness in a system
can be reduced by 50%,” says Van-
dling. The new 4 Pi modification,
he points out, makes the airborne
computer compatible with the IBM
360 computer. And this, he says,
means additional time can be saved
because program work can start on
the 360 before the 4 Pi’s are deliv-
ered; fewer program interactions
are required. Moreover, testing and
verification of programs are simpli-
fied—fixed-point computers must
now be checked against floating-
point machines.

Vandling credits plug-in micro-
programing for the CP’s success.
The complex floating-point instruc-
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tion set is microprogramed in the
read-only storage.

More to come. Vandling says the
new processor was inevitable and
that IBM is expecting others to
come up with floating-point proc-
essors in the future. But, he points
out, they may have to make major
hardware changes to accommodate
floating point, since other airborne
computers do not have the micro-
programing available in the 4 Pi.

“The writing is on the wall,” he
says, “because the Government is
looking ahead to developing a com-
mon aerospace language that won’t
be for fixed-point computers.” He
believes that requests for proposals
for military systems will specify
floating point within the next two
vears.

Although IBM is aiming its new
machine at the general airborne
computer market, the company is
also eyeing the airborne command
post and the advanced Airborne
Warning and Control System as po-
tential applications.

Meanwhile, the 4 Pi family has
just chalked up another win—this
time, as the computer for the
Navy’s A-NEW integrated avionics
system. Vandling sees the new CP
as a natural for A-NEW follow-on
contracts.

Military electronics

Where am I?

The Army has long wanted a min-
iature loran-C navigator for foot
soldiers [Electronics, Oct. 31, 1966,
p. 48], and now it may finally have
one. Laboratory for Electronics
Inc., Boston, has begun delivering
18 prototype loran-C navigation
sets suited for riflemen. Such sys-
tems could be used to locate
ground troops more precisely and
to better coordinate artillery and
air support.

The units result from six months
of work under a half-million-dollar
contract, which grew out of an
unsolicited proposal to the Army’s
Electronics Command, Ft. Mon-
mouth, N.J. With the first of the

Tune in. Backpack loran tells
a rifleman where he is.

sets, designated PSN-2, shipped the
second week in May, lab trials are
just about complete, and field tests
will start soon.

Weighing about 20 pounds, in-
cluding a six-hour battery pack, the
PSN-2 comes in two main parts: a
rectangular receiver to be carried
on a soldier’s back, and a control
module about 8-by-2-by-2 inches to
be mounted on his pistol belt. Er-
win M. Allen, the product manager,
says the PSN-2 can locate its oper-
ator to within ==100 feet. And the
user can be moving as fast as 150
miles per hour when he takes his
reading.

Moving apace. But a more usual
application would be afoot. The
navigator was designed for use
with the special charts that relate
the times it takes for pulses to ar-
rive from the various stations in a
loran chain. The navigator shows
the time differénces in a nine-digit
in-line display. To find his location
the operator compares the numbers
in the readout with those on the
charts.

Allen estimates that a minimum
of 30 seconds is needed to lock the
PSN-2 to the three loran chain sta-
tions; at worst, the process should
take but a few minutes. After
lock-on, the displayed data is up-
dated automatically every 1.5 sec-

Electronics | June 10, 1968



But, Customers love ‘'em...because they make
CIC potentiometers outlast...outperform all others.

For example: this low-cost unique, infinite resolution pot, used
in the fire-control system of one of the government’s most vital
pieces of strategic equipment, delivers accurate, noise-free,
radar position signals . .. for well over 100,000,000 sweeps at 625
rpm, while switching hundreds of milliamps.

They've tried — but only CIC’s guts have been able to meet
these rigorous requirements.* Only CIC provides “guts” with
solid gold plating, multi-fingered gold alloy wipers and micro
smooth, wear-resistant precision film tracks. And CIC custom
designs each pot to fit your specific application...in all con-
figurations. Single and multi-turn. Linear and non-linear func-
tions ... all without expensive tooling charges.

COMPUTER INSTRUMENTS CORPORATION

68 MADISON AVE., HEMPSTEAD, L.I., N.Y. 11550 e |V 3-8200

*Comparative test reports available.
Circle 49 on reader service card

mpetitors Hate Our Guts....

FREE “‘GUTS" BUTTON,
CATALOG and TEST REPORTS

%

COMPUTER INSTRUMENTS CORPORATION
68 Madison Ave., Hempstead, New York 11550

[] Please send me Rotary Pot Catalog.
[] Please send me FREE "‘Guts’ Button and test

reports.
NAME POSITION
COMPANY
ADDRESS
CITY STATE ZIP




Electronics Review

onds, says Allen.

The device is fairly simple to
operate. First, the receiver is set
to respond to the pulse repetition
rate of the loran chain in its area;
this is a semipermanent adjustment
to the receiver pack and would
probably be made on entering a
given theater of operations.

In the field, the soldier tunes
to the approximately 100-kilohertz
signal of the master station in the
loran chain—using automatic, elec-
tronically slewed tuning—then re-
peats the process for the two so-
called slave stations. To take care
of interference, the company has
built in radio-frequency filtering,
also tunable and controlled from
the belt pack. All tuning functions
use a dime-size meter.

Press to read. After locking on to
the signals, the soldier presses a
“read” button to light the digital
readout panel, which is normally
darkened to save the battery.

Allen describes the system as
digital, because it accepts r-f in-
formation and digitizes it. This
digital mode of operation also al-
lows the navigator to operate with-
out automatic gain control while
retaining a 120-decibel dynamic
range through “hard limiting.”

A spokesman for the Sperry Gy-
roscope Co., which had promised
delivery of a similar unit by April
1967, says that two were tested.
However, Sperry did not get the
contract; the reason, says one
source, is that Sperry’s manpack
couldn’t consistently achieve its
claimed positional accuracy of =60
feet. Also, it required more manual
tuning and was not as reliable as
desired.

Sperry points out that, while it’s
no longer in the manpack business,
it’s still deeply involved with air-
borne loran for navigation and tar-
get acquisition.

Medical electronics

Swell gage

Now that the heart, for all practi-
cal purposes, may no longer be the
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Brain probe. This thin-film strain gage (top), developed by
Statham Instruments, is easily inserted into a patient’s
skull to monitor intracranial pressure, eliminating

the need for a bulky catheter.

measure of a man’s mortality, more
and more attention will be given
to keeping the brain alive.

One major cause of death due to
a brain injury is intracranial pres-
sure. When pressure due to a blood
clot, stroke, or tumor grows too
great, the flow of blood to the brain
stops and the patient dies.

For the past six years or so, neu-
rological researchers at Philadel-
phia’s Pennsylvania Hospital have
been monitoring the amount of in-
tracranial pressure with a fluid-
filled catheter inserted at an angle
into the skull through a hole about
the size of a nickel. Because the
danger of infection was so great,
the sensor had to be removed in
about two days.

Strain gage. Now, however, the
researchers at Pennsylvania Hos-
pital and four other Philadelphia
institutions are starting to use a
thin-film strain gage, developed by
Statham Instruments Inc., to meas-
ure intracranial pressure. The new
device can be inserted by a techni-
cian in a matter of minutes, even in
the patient’s room, and can remain
in the skull for three to four weeks;
the danger of infection is less be-
cause the hole is smaller and the
catheter is eliminated.

All the technician has to do is
shave and sterilize an area of the
scalp, make a small stab wound,
and drill a 2-millimeter hole into the
dura matter—the outermost, tough
membrane covering the brain,

The pressure-sensing extension
of the transducer, which is pro-
tected from body fluids by a sili-
cone-rubber diaphragm, is then in-
serted through the skull hole into
the dura matter. The conventional
catheter, which wasn’t protected,
would often become clogged, intro-
ducing error in the pressure meas-
urements.

How it’s made. Statham’s gage is
a further application of the com-
pany’s other pressure transducers
[Electronics, Feb. 5, p. 168]. These
thin-film transducers are manufac-
tured by a vacuum-deposition proc-
ess in which a ceramic on a metal
substrate is used as insulation.

Four strain gages, deposited onto
the insulator, are electrically con-
nected to a bridge circuit through
vacuum-deposited leads. These
multiple evaporations are per-
formed during a single pumpdown.
The lead wire is attached to the
film by microwelding.

Heart of the matter

Electrocardiogram analysis by
high-speed digital computers has
always been expensive. Finding a
way to cut the time required to put
EKG data into the computer, re-
ducing user cost, has occupied en-
gineers at Beckman Instruments
Inc. for almost two years. Now they
think they’ve developed a solution
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with their new Digicorder.

The machine is a mobile digital
data acquisition and recording sys-
tem designed to record standard 6-
or 12-lead EKG’s in digital form on
half-inch IBM-compatible magnetic
tape for direct entry into most gen-
eral-purpose computers, says Paul
Hansen, project engineer and Digi-
corder designer. The system re-
cords data from patients at 1.8
inches per second and converts the
signals from analog into digital
form without an external conver-
sion network.

“Since it became practical to an-
alyze EKG data on a computer,”
says Dave Froelich, product line
manager for the clinical instru-
ments operation, “there have been
two ways of getting information
into a form suitable for computer
processing. You could record on
frequency-modulation tape, demod-
ulate the analog signal, and run it
through a digitizer for conversion,
or you could run the EKG signal
over phone lines directly into a
computer.”

In real time. In either case, a
separate conversion network to put
the data in digital form is required,
and entry into the computer is done
in real time. But with the Digi-
corder, the EKG data is fed into
the computer at 100 to 150 inches
per second—nearly a hundred times
the speed at which it was recorded.

“This means we can put a com-
plete EKG into a computer almost
every second, where it takes about
90 seconds to do it in real time,”
Froelich explains. “Since process-
ing time takes about 30 seconds on
a medium-speed computer with
either mode, we can save the user
about a minute-and-a-half’s com-
puter time with Digicorder. At
$2 a minute, this saving could
mount rapidly.

The recorder part of the system
is an instrumentation-grade tape
unit rated for continuous duty and
made to Beckman specifications.
It can record seven or nine tracks
with packing densities of 556 char-
acters per inch for seven tracks
and 800 characters for nine tracks.
The nine-track model is for use on
computers comparable to IBM’s
360 series, Froelich says.

In operation, the EKG signal from
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a patient is picked up by a differ-
ential ac-coupled amplifier, fed
through a filter and into the a-d
conversion network, where the an-
alog data’s accuracy is “frozen.” It
is then placed on the magnetic tape
for processing. The Digicorder has
an accuracy of better than *=0.5%
and a sample time of 8 microsec-
onds, which Froelich says is very
good. The EKG waveform is sam-
pled 500 times a second by the a-d
converter, with a resolution of 1
part in 1,024 bits.

The unit’s electronics are on 16
printed-circuit boards. Motorola
resistor-transistor-logic integrated
circuits are used for all digital
functions. The analog parts are hy-
brid—some IC amplifiers as well as
discrete transistors.

Simple controls. Digicorder is
designed for use by paramedical
personnel, so its controls have been
kept to a minimum. They include a
selector switch so data from two
patients can be recorded sequen-
tially.

Beckman engineers wanted the
unit to contain a self-checking sys-
tem. Therefore, the a-d converter’s
output—10-bit information—is sent
back through a d-a conversion net-
work and displayed on the oscil-
loscope. If a normal wave pattern
appears, the EKG data is being cor-
rectly recorded, Froelich points
out.

Additionally, an echo check is
made by sensing the current in the
write head of the recorder to deter-
mine if the information is being
picked up by the tape. If it’s not,
a light flashes on the control panel.

Although only a single patient
at a time can be monitored, a dual
set of input wires is included for
rapid screening operations. Froe-
lich estimates that 30 persons an
hour could be recorded in an effi-
cient operation.

Speed and cost. With 7,000 hos-
pitals and clinics in the country,
the manager sees a big market for
the Digicorder. “Any medical fa-
cility that runs at least 10 EKG’s a
day is a potential user. The main
advantages we have over competi-
tive systems are speed and cost. We
can get the user into the computer
faster than any other recording
mode.”

Digicorder is designed for use
with the computer program devel-
oped by Dr. Cesar A. Caceres of
the U.S. Public Health Service. The
price is $15,000, and the machine
may also be rented. Froelich esti-
mates costs at $1 per EKG, against
at least double that with other
methods.

Consumer electronics

Untangling cable tv

One of the major drawbacks of
cable television (CATV) has been
the high costs of the cable. Rural
or suburban areas with small popu-
lations haven’t been able to support
a CATV system. As a result, politi-
cally powerful farmers’ organiza-
tions have always opposed CATV
that might jeopardize expansion of
over-the-air tv.

Now, however, a decision by the
Federal Communications Commis-
sion may lead to the first step to-
ward providing CATV to rural areas
through use of a microwave system.
The step would be taken by the
TelePrompTer Corp., New York,
the largest U.S. CATV company.

TelePrompTer has been experi-
menting with microwave transmis-
sion for several years. It has been
beaming tv and f-m radio signals
in the 18-gigahertz band from trans-
mitters on the roof of a building in
upper Manhattan to antennas atop
two apartment buildings two and
six miles away. Now, TelePromp-
Ter has asked the FCC to make a
nationwide allocation of the fre-
quencies between 18.349 and 18.797
Ghz for tv and f-m distribution.
The FCC, however, turned down
that request because it was op-
posed to “piecemeal allocation” of
part of the spectrum before a deci-
sion was reached on the frequency
needs of communication satellites.

More experiments. However, the
FCC did acknowledge that Tele-
PrompTer’s proposal for “local dis-
tribution service holds sufficient
promise for the future to warrant
continued experimentation.”

The FCC agreed to allow Tele-
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PrompTer to continue its experi-
ments in upper Manhattan and to
run two rural experiments in areas
of different geographical and cli-
matic problems. The TelePrompTer
system, which was developed by
the Hughes Aircraft Co., is known
as an amplitude-modulated link. Tt
uses a single transmitter to send 12
color tv programs simultaneously
for distances up to 20 miles.

Irving B. Kahn, president of Tele-
PrompTer, calls the FCC decision
“a great step forward.” He says
that when his company demon-
strates that the hardware works as
well in rural areas as it has in upper
Manhattan, “there’s going to be
a tremendous clamor for this.”

TelePrompTer and  Hughes
formed a joint subsidiary, Theta
Communications, to make and mar-
ket equipment for this transmission
system. Now they’re trying to figure
out where to run the rural tests.
TelePrompTer has CATV systems in
a dozen cities across the country,
but the tests might be operated by
another cable company if the geog-
raphy and climate in some other
area are better for demonstrations.
A decision on the test sites is ex-
pected later this month.

One test would beam signals to
small clusters of receivers—most
likely a group of 10 to 20 houses
connected to the dish antenna by
cable. The other test would beam
to suburban areas where it isn’t
economical to run cable. Kahn
points out that the cost of the dish
antennas now runs into the low
thousands. But if they were built
on large production runs, the cost
would drop to the low hundreds,
which would make it feasible for
a home in a remote area to have its
own antenna.

Over water. TelePrompTer also
sees as potential customers for its
system residential areas that are
separated from cable systems by
barriers such as rivers. A micro-
wave link over the water would be
much simpler and cheaper than an
underwater cable.

Kahn points out that the system
will benefit not only the “real re-
mote guy” but also “the big city
guy,” because it eliminates the ne-
cessity of installing underground
cable ducts in urban areas.
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In granting permission for the
tests, the FCC said it would give
TelePrompTer two years” notice of
termination. This will give the com-
pany plenty of time to gather fig-
ures comparing costs of cable and
microwave.

If the FCC eventually allocates
spectrum for CATV use, the market
for equipment will be “tremen-
dous,” says Kahn. But he notes that
the big problem will be to convince
the FCC of the need for permanent
allocation of spectrum space.

Manufacturing

Spreading it thin

Evaporation deposition, although
reliable for thin films, has had dis-
advantages that have restricted its
use to certain deposition materials
and to applications requiring only
relatively weak coating bonds. The
technique is usually limited to an
impact energy of 0.3 electron volts,
which results in a rather tenuous
coating bond. So, alloys and com-
pounds, which may have several
evaporation points, can’t be de-
posited without chemical separa-
tion of the compound or alloy ele-
ments.

COPPER
ELECTRODE

In Palo Alto, Calif., Varian As-
sociates” Vacuum division has de-
veloped a method of directly plat-
ing any solid surface with any
metal, alloy, or dielectric sub-
stance (such as glass, ceramic, or
quartz) with million-per-day pro-
duction rates and low unit costs.
Alloys and most compounds can
now be deposited without chemi-
cal separation.

Thin coating. In an argon atmos-
phere at 1 x 10—2 torr, radio-fre-
quency-induced plasma sputtering
will deposit a uniform thickness
on highly irregular surfaces with a
precision of one millionth of an
inch.

Vance Hoffman, product mar-
keting manager for the division,
says, “Unlike the sometimes
chancy evaporation-deposition
method, plasma-sputtering coating
is completely controllable.” At a
standard vacuum pressure, with a
fixed r-f power input (13.5 mega-
hertz), the time of exposure is the
only intervening variable affecting
the coating depth.

One of the important applica-
tions areas for Varian’s Plasma-
Peak coating equipment, says
Hoffman, will be in electronics and
computer manufacturing for dep-
osition of thin-film resistive coat-
ings, dielectric encapsulation, tan-
talum deposition, and the surface
application of magnetic films on

ULTRAHIGH
FREQUENCY

SUPPORTS

PLATING MATERIAL
FASTENED TO
ELECTRODE
SUPPORTS

ARGON GAS ATOMS
AND ELECTRONS

COLLIDE, PRODUCING
ARGON IONS

WORK PIECES BEING
COATED

POWER SUPPLY
1.2 kW, 13.5 MH2

SHIELD

ARGON IONS ARE
DRAWN TO THE
PLATING MATERIAL

ATOMS OF PLATING
MATERIAL ARE
KNOCKED OUT

THE PLATING DEPOSITS
ON WORK PIECES
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memory cores, tapes, drums, and
disks.

Most of the big semiconductor
houses have shown an interest in
Varian’s  sputtering equipment,
says Hoffman, and many have
begun extensive R&D work at the
wafer stage. Additionally, North-
rop, Westinghouse Electric, West-
ern Electric, and Bell Telephone
Laboratories have purchased Var-
ian systems for research. One of
the areas now under investigation
is the simultaneous deposition of
ceramic and metal (Cermets) for
thin-film applications.

Coat of gold. In other areas,
PlasmaPeak has been used to plate
millions of stainless steel Schick
Krona Chrome razor blades with
chromium. And, says Hoffman,
fabric of any width can be gold-
coated, at 20 feet per minute, to
produce an opaque, reflective ap-
pearance.

Through a series of vacuum
locks, a conveyor belt can continu-
ously introduce material to be
coated; to maintain the purity of
the atmosphere in the vacuum, the
system is continuously swept with
argon.

In the plating process, the plat-
ing material is fastened to an in-
verted V of two target plates
charged to 2,000 volts. The r-f
energy excites the entrapped elec-
trons, causing them to collide with
the argon atoms; the collision
changes these atoms to positively
charged argon ions. The ions,
which are attracted to the target
plates, dislodge plating-material
atoms, which then strike the work
piece with an energy approaching
300 electron volts. The effect of
completely random collisions be-
tween ions and plating atoms en-
sures a uniform coating over the
entire area to be plated.

Other ways. Previous sputtering
technology relied on d-c-induced
plasma, with the deposition ma-
terial on a cathode and the work
piece on an anode. Other systems
have used a second anode and an
electron beam to increase sputter-
ing rates. Hoffman says, “These
two methods, although sound in
principle, haven’t been widely
used, because they were too slow.”
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A good example of how the new
deposition process will benefit in-
dustry comes from the Varian
Tube division. Hoffman says that
division needed a high-conduct-
ance copper plating on molyb-
denum that would withstand ex-
tremely high temperatures. Using
conventional technology, they got
only a 50% yield; using Plasma-
Peak techniques, they got almost
100%.

Space electronics

Fast talk

To keep intermodulation distortion
between channels at a minimum,
the Initial Defense Communica-
tions Satellite System is limited to
four frequency-modulation voice
channels in its 20-megahertz band-
width. But the Space and Re-Entry
Systems division of the Philco-
Ford Corp., which built the IDCSS
satellites, has tested a digital trans-

mission technique that puts the
equivalent of 128 voice channels
through the system during opera-
tion.

The technique is to code digital
signals before transmission, so that
more than one bit can be sent at a
time, and multiplex the transmitted
signals by time division. The
“M-ary” coding (M standing for
2, 4, 8, or 16, depending on how
many signals are needed to trans-
mit the code) is central to Philco’s
approach to PSK or FSK (phase-
shift keying or frequency-shift key-
ing) digital transmission. So far,
the company has found the mili-
tary somewhat contrary in the
matter of digital communications;
most recently, the JIFDATS (Joint
Inflight Data Transmission Sys-
tem) went analog. But Edwin A.
Fink, manager of advanced elec-
tronics in the division’s new space
electronics systems operation, says
firmly that “we think that the opti-
mum transmission of data is by
shifting either phase or frequen-
cies in this way.”

Fast formula. The IDCSS experi-

Afterglow. RCA’s liquid crystal display becomes frosted, right, when

voltage is applied. Company says the thin-screen display, which uses

low power and ambient light and is compatible with IC’s, will be

competitive with vacuum-tube displays. Thus far, RCA has an alpha-numeric
display and a light shutter. Other firms are also doing work

in this area, including Sylvania and the Marks Polarized Corp.

[Electronics, July 25, 1966, p. 41].
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A That’s our Molex Mini-
‘Connector. It’s doing big &
“things. Like saving assem- &
: bly steps. And time. And
money. Getting wiring in
place with greater production
fficiency and operational integ-
rity than you might think possi-
' ble. Our business is creating these
‘mini-devices to meet your system
' requirements. We take it seriously.
7 " And have the facilities, design capa-
bllltles, know-how and everything it takes to

produce economical connections . . . fast!
If you would like a free sample of our Mini-

like a sample of performance, you
can make connections by
calling (312) 969-4550

MOLEX PRODUCTS COMPANY
Downers Grove, lil. 60615




You broaden it.

CHR'’s new thin TEMP-R-TAPE®
HM-350 has low elongation. Plus high
breaking strength.

Plus all the advantages of other
TEMP-R-TAPES. Like excellent
electrical characteristics. And pres-
sure sensitive silicone polymer
adhesive. And reliability under a
temperature range of —100 F to
+500 F.

Find your distributor under CHR
in industrial directories and micro-
film catalogs. Or write for details
and sample: The Connecticut Hard
Rubber Company, New Haven,
Connecticut 06509.
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ment, which took place over a year
ago, used 16-ary FSK. A binary PSK
system designed by the company
can transmit data at the rate of
350 megabits per second; by com-
parison, the OGO satellite transmits
data at only tens of kilobits per
second.

The “M” in M-ary stands for
the number of possible waveforms
transmitted; it is equal to 2V,
where N is the number of bits of
information per transmitted bit. A
binary system thus transmits one
bit of information per transmitted
bit, since 2! equals 2. In a quar-
ternary system, N would equal 2,
since 22, of course, equals 4. Each
transmitted bit would stand for 00,
01, 10, or 11. A 16-ary system could
handle all the combinations of four
groups of 0’s and 1’s.

PSK is a little hard to detect
above quarternary, because the
phase angle becomes smaller, but
FSK is practical through 16-ary,
Philco found. Above that the
amount of extra equipment re-
quired becomes prohibitive.

Changed plans. The question of
who needs such high-speed trans-
mission tends to get lost in security
matters and in the argument over
digital vs. analog voice transmis-
sion. Philco designed and built an
engineering model of a 4-phase PSK
system to provide 20-megabit ca-
pability for the Advanced Space-
Ground Link System—only to lose
the contract when it was decided
to eliminate the high data-rate car-
rier from the ASGLS satellite.

The Earth Resources Technology
Satellite will need high-speed data
transmission to make finer differ-
entiation in gray levels from digi-
tized photographs. The Goddard
Space Flight Center, which han-
dles ERTS, reportedly wants a 100-
megabit system. Philco has built
and tested such a system. The com-
pany won't discuss the classified
systems, but it is known that the
manned and advanced unmanned
surveillance system will also need
a high data rate to dump informa-
tion quickly when they pass over a
ground station.

Voice communication is another
matter, and Philco is finding little
indication that the military is ready
to accept a digital technique for

it. Still, the Army has at least one
request for proposals out for a digi-
tal communications modem—indi-
cating that the three-service sys-
tem (JIFDATS) begun under former
Defense Secretary McNamara may
be augmented by the individual
services.

Argument closed. Inside Philco,
where work on high-speed data
transmission has been going on
since 1960, the analog vs. digital
argument is considered closed, and
most work has centered on which
kind of digital coding is best for
a given system.

“High-speed transmission means
wideband,” says Fink, “and wide-
band means a higher noise level.
So you look for the most efficient
transmission system—the one that
uses the least energy per transmit-
ted bit.” ;

For example, he says, Philco
found that the best binary FSK
system for an error rate of 10
used 12.5 decibels in energy per
bit of one-sided noise density. The
figure for the best practical binary
PSK method was 10.5 db. But a
16-ary FSK method used only 7.5
db—half as much power as the PSK
method and only a quarter that of
the binary FSK method.

Both techniques require more
complex equipment, and FSK gob-
bles up bandwidth, Fink concedes.
Since a PSK system wipes out the
carrier by transmitting all the en-
ergy to sidebands, the carrier must
be synthesized at the receiving end.
FSK requires serial-to-parallel and
parallel-to-serial converters, plus
oscillators for each of the frequen-
cies used; the bandwidth it takes
is from two to eight times that of
an analog f-m channel.

Instrumentation

Finding a Friend

Integrated circuits, unlike vacuum
tubes or discrete devices, can’t be
tested easily after they’'ve been
packaged with conventional volt-
meters and ammeters. Most ICs,
because of their complexity, require
at least 40 test points, and these
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CDE’s Extended Temperature Range Aluminum Electrolytic
Capacitors with Optimum Reliability and Low Cost.

Featuring the exclusive CDE con-
tinuous cold weld connection of
section to rod...insuring supe-
rior mechanical and electrical
reliability. With far superior ESR
to Temperature characteristics.

TYPICAL EFFECTIVE SERIES RESISTANCE (ESR) VS.
TEMPERATURE FOR A 150MFD-25VDC CAPACITOR

0 20 40 6
EMPERATURE (centigrade)

And with high ripple current capability, low DC
leakage, Capacitance and DF stability. Low imped-
ance, rugged design for vibration and shock
endurance.

These units are now available for your design considerations.

Miniature Axial Lead Case Sizes: ¥ x 1% to 3 x 2114¢”. Ratings: 3 mfd to 100 mfd, 5
UHT from 3 VDC to 100 VDC. —55 to + 150° C OPERATION

UHL Miniature Axial Lead Case Sizes: %, x 1% to 3 x 211;¢”. Ratings: 3.3 mfd to 1000
mfd, from 5 VDC to 200 VDC, designed to meet and exceed Mil C-39018/1. (Already
stock standards on our Distributor’s shelves.)

—55 to + 125° C OPERATION

Large Axial Lead Case Sizes: % x 1% to 1” x 3%”. Ratings: 10 mfd to 12,000 mfd,
from 5 VDC to 200 VDC, designed to meet and exceed MIL C-39018/3.)
(Also available in —55 to +85° C specifications.)

—55 to + 105° C OPERATION

Miniature Axial Lead Case Sizes: % x % to 3 x 1'2”. Ratings: 1 mfd to 600 mfd, from

3 VDC to 150 VDC. (Already stock standards on our Distributor’s shelves.) —80 to + 110° C OPERATION

Computor Grade Case Sizes: 13 x 2% to 3” x 8%”. Ratings: 5500 mfd to 300,000 mfd

at 5 VDC 240 mfd to 9000 mfd at 150 VDC. e OPRANTION

For your design considerations, ask for details from 7 CORNELI.'

your local CDE Sales Engineering Office. Or write: CD,E
4 DUBILIER

50 Paris Street, Newark, N.J.
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The Material
of Unlimited Uses. ..

INSTANT
DIP-A-MOLD

In seconds, you can make perfect
molds, like this one, for potting
any encapsulation, and make
them economically, with low-
melting CERRO® Alloys. Just dip
the master in molten alloy. A thin
coating of alloy clings to the
pattern. Withdraw the pattern,
and you have a perfect high
fidelity mold. When the encapsu-
lating plastic cures, simply
remove the CERRO Alloy. Use it
over and over again, almost
without limit.

This particular alloy—
CERROTRU®—does not shrink,
slips easily from the pattern
without parting or contaminating
compounds or coatings. Because
of its low melting point, it is safe
and easy to handle.

You can reproduce such unusual
details as positioning lugs for
transformer cases, as shown
above, without the use of cores,
inserts or secondary operations.

Instant molding is just one of the
many uses for CERRO Alloys. To
find out more, contact Cerro
Copper & Brass Co., Cerro Alloy
Dept., Stamford, Conn. 06907 ...
R.S. Darnell (203) 327-0550.

CERRO.
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are hard to reach with a probe.

Now, engineers testing IC’s not
only for go/no-go answers but also
for detailed data on what’s wrong
will have a Friend. That’s the acro-
nym for a tester developed by
Scully International. The Downers
Grove, I11., division of the Bendix
Corp. designed the Frequency Re-
sponse Instrument for Electronic
Network Diagnosis and a fault-
diagnosis program, called FDP, un-
der an Air Force contract.

Maybe a product. Although the
tester was built as a prototype,
Scully executives are now thinking
about offering an advanced model
as a product, with a price between
$30,000 and $50,000.

With the aid of a computer, the
engineer uses the fault-diagnosis
program to generate a list of symp-
toms—potential component failures.
Then, by relating these symptoms
to their causes, he can quickly pre-
scribe a cure.

For discrete circuits, the cure
could mean surgery—replacing the
faulty component. But for faulty
IC’s there is no cure, only rejection.
However, since the cause is known,
this information can be used in
redesigning the IC’s.

To use the program, the engineer
first partitions an undamaged cir-
cuit’s schematic into several sec-
tions. Although the ideal section
contains a maximum of 10 nodes
and 20 branches, as many as 30
nodes and 40 branches are possible
—but at a price. Larger sections
lower the efficiency.

The components’ nominal values
and the connections are described
to a computer, which then deter-
mines the forward-voltage transfer
function for the circuit as a func-
tion of frequency. Usually, several
frequencies are chosen for voltage
measurements. The number of fre-
quencies varies from circuit to cir-
cuit, but the range is from 1 hertz
to 7 megahertz.

One at a time. Once the behavior
of an undamaged circuit is known,
the computer uses the program to
vary one component at a time and
repeats the measurements at the
same chosen frequencies. The com-
ponents’ values are reduced and
increased. This provides data on
the variation of circuit response as

related to such things as short cir-
cuits, open circuits, and partial
shorts.

The computed data is then
checked against the known data
under ideal working conditions and
a scale, fault dictionary, and test
procedure are punched onto tape.
This tape becomes the input for
the automatic tester. The data is
stored for many conventional cir-
cuits—filters, amplifiers, and other
linear devices.

Equipped with this scale and
fault dictionary, the technician is
then ready to trouble-shoot. When
a faulty circuit comes in for check-
ing, the technician takes the tape
corresponding to that circuit and
feeds the stored data into Friend.
The tester repeats all the checks
at all the prescribed frequencies,
and the machine compares the re-
sults and the known data.

Based on what the tester tells
the technician, he can decide
whether to replace a faulty compo-
nent or reject the IC.

The output from the tester ap-
pears as a set of digits, one for each
test frequency.

A signature of all zeros indicates
a circuit functioning within specifi-
cations. A faulty circuit will result
in a signature containing some non-
zero digits. It is this signature that
the technician looks up in his fault
dictionary. All responses are meas-
ured within a 3% accuracy.

Industrial electronics

Bright future

When the Army took the wraps off
its Starlight night-vision scopes
and promptly tagged them the
greatest untold story of the Viet-
nam war [Electronics, June 28,
1965, p. 78], the oohs and aahs
were reserved for the tactical ad-
vantage gained by American troops
using the image-intensifying de-
vices. But to the manufacturers of
the gear, the best could be yet to
come.

One sales executive says, “Now
that the military has declassified
the scopes, I'm going to be on the
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HERE'S THE LATEST INFORMATION
ON THIN-FILM DEPOSITION...

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

Sputtering thin films with a CVC Plasma-
Vac® system lets you deposit almost any
material on almost any surface—with excel-
lent control over film composition, purity,
and thickness. You'll increase efficiency,
quality, and yields over any other thin-film

deposition method. Please write for full de-
tails on any or all of the PlasmaVac Systems
described below. Vacuum Division, The
Bendix Corporation, 1775 Mt. Read Blvd.,
Rochester, N.Y. 14603.

PLASMAVAC 100 PLASMAVAC 200

PLASMAVAC 300

PLASMAVAC 400

PLASMAVAC 501

DC triode sput- RF triode sput-

tering. Metals,
conductors.

GENERAL semi-conductors,

non-conductors.

tering. Conductors,

RF diode sput-
tering.

Production-type
system with DC
Crossfire™ and RF
capability on in-line
basis with air to air
substrate transport.

DC Crossfire™
with rotary work
holder, multiple
targets.

Laboratory and
limited production.
Ideal with CV-18
vacuum system.

Laboratory and
limited production
when used with
PlasmaVac 100.

APPLICATIONS

Sophisticated
research applica-
tions. Reactive
sputtering, sputter
etching, semi-
conductors, dielec-
trics, etc.

Bridges the lab-
oratory/production
interface. Modular
concept so process
can be developed,
then scaled up to
meet production
needs.

Batch-type produc-
tion unit for pilot
plant operation.

OJ‘OOQ Ll

Sputtering PlasmaVac 100

Deposit Metals Yes Yes Yes Yes
Deposit Dielectrics No Yes Yes Yes
Deposit
Semiconductors Some Yes Yes Yes
Deposit Cermets No Some Yes Yes
Deposit Alloys Yes Yes Yes Yes Yes
Deposit Organics No No Some Some No
Water Cooled Target
(for use of thermally No No Yes Yes Yes
sensitive materials)
e v No No Yes Yes No
Reactive Sputtering No Some Yes Yes Some
Bias Sputtering Yes Some No No No
Sputter Etching Few Some Yes Yes No
Production-type Low profile
Type of Chamber Bell Jar Bell Jar Bell Jar sodilarcchamber rmetal chamber
Multiple Target Vs Yes, with No Yes Yes

*Available on special order.
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New
Low Power
AC Sources.

Prices even
lower

CML has been making the
best low power AC sources
around. For years. Now low
power hits a new low in
price. All with interchange-
able oscillator modules for
fixed or adjustable output
frequencies from 45 to

6000 Hz. All feature excel-
lent frequency stability

and load regulation, low
distortion, and lightning-fast
response. Write or call

today.
Model NS175 Model NS350
(175 VA) (350 VA)
With fixed
400 Hz oscillator  $565 $1120
Adjustable
350-450 Hz 685 1225
Adjustable
45-6000 Hz 785 1385

CML, Inc.

A Subsidiary of
Tenney Engineering, Inc.

350 Leland Avenue

Plainfield, N.J. 07062
(201) 754-5502 * TWX 710-997-9529
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On the line. Technicians assemble Starlight night-vision scopes for the
Army at Electro-Optical Systems in California.

phone tomorrow with a whole list
of prospective customers who can
use the image-intensifying tubes
for research. But more important,
the police departments around the
country are waiting in line for a
chance to get their hands on the
things.” It’s known that the police
in Chicago and Detroit are ready
to start buying if the price can be
made attractive. The scopes sell to
the Army at $2,000 for the smallest
model, $3,500 for the medium size,
and $5,000 for the giant tripod-
mounted device.

Economy model. “If we can get
the price of the small one down to
the magic figure—$1,000—we’ve got
it made,” says one maker’s spokes-
man. “There are about 175,000
police cars in the country, and
when you figure one per car—well,
it’s quite a market.” And getting
the price down will be relatively
simple. In the military model there
are three image-intensifying tubes,
each with its fiber optics and
phosphor-coated lens. By elimi-
nating one or two tubes—the police
don’t need 40,000-times intensifica-
tion—the market is opened.

But the whole question of
whether to sell a scope to anyone
who wants one raises an ethical
problem. Says Maj. W. B. Latta,
head of the Army Electronics Com-
mand, the agency that sponsored
development of the Starlight: “This
is really a national policy question

that must be answered on a level
higher than mine.”

Still, there are a number of pos-
sible scientific applications for the
image intensifier—in astronomy,
for example, or in nuclear research,
where tracks of atomic particles
could be photographed in a cloud
chamber.

So in the absence of a clear
policy directive from above, each
manufacturer—Varo Inc., Garland,
Texas; Machlett Laboratories,
Stamford, Conn., a subsidiary of
the Raytheon Co., and Electro-
Optical Systems Inc., Pasadena,
Calif.—is presumably free to go its
own way.

Weld watcher

If a chain is only as strong at its
weakest link, then a pipeline is only
as good as its poorest weld.

Unlike most pipeline crawlers—
used to detect faulty welds—that
are trailed by huge umbilical-like
cable linking them to an external
power source, the Picker Corp.,
White Plains, N.Y., has developed
a crawler that carries its own
power supply. The machine X-rays
welded joints.

Rechargeable. Priced at $30,000,
Picker’s machine can crawl along
on its nylon wheels at a top speed
of 39 feet per minute, and can ex-
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Because of new ideas from Sanders . .. :

A unique 3-layer
combination of
flexible and rigid
sections, the fin-
ished FLEXPRINT
assembly i n this
airborne control
system reduced
volume 50%, with
comparable sav-
ings in size and
weight, installed
faster and at lower
cost. Wave solder-
ing was made pos-
sible by careful
material selection.

Volume, weight and shape. Reduce these problem areas, and you've got more lati-
tude to meet restrictions imposed by unusual form factors and limited spaces
available for interconnections in modern electronic gear.

Today, with Sanders advanced flexible circuit design and manufacturing
techniques, FLEXPRINT circuitry provides an almost infinite number of ways
for component and system producers to achieve these reductions.

In a new airborne control system, 3 layers of FLEXPRINT Circuitry with
both rigid and flexible sections incorporate hardboards on which various
components are mounted during assembly.

No jumbled wiring interconnections here. By laminating the 3 sections
together to obtain rigid areas, the number of solder connections is
greatly reduced ... which speeds final assembly, reduces
costs and improves reliability.

Perhaps there is a problem in your electronic package you’'d like
to eliminate. By starting your design with FLEXPRINT Circuits,
the tough ones can be cut down to size. Call or write Sanders Associates, Inc.,
FLEXPRINT Division, Grenier Field, Manchester, New Hampshire 03103.
Phone: (603) 669-4615.

Creating
New Directions
In Electronics

e ASSOCIATES, INC.
#T.M., SANDERS ASSOCIATES, INC, Circle 63 on reader service card EE B PU R CTU NAET B -l NS 1O N
GRENIER FIELD, MANCHESTER, NEW HAMPSHIRE




SILICON RECTIFIER
ASSEMBLIES

YOUR SPECIAL REQUIREMENTS
MAY BE A TUNG-SOL STANDARD

High current, three phase bridge. 1400
amps continuous.

Silicon rectifier and SCR hybrid. Up
to 270 amps continuous.

Single phase
or three phase
bridge. Up to
31 amps D.C.
and PVR's up
to 1KV.

Controlled ava-
lanche. Avail-
able to 150KV
at 3 amps,
single phase,
halfwave.

Tung-Sol design capability en-
compasses wide power range.
Write, describing requirements.
No obligation. Tung-Sol Division,
Wagner Electric Corporation,
One Summer Ave., Newark, New
Jersey 07104.

TUNG-SOL

SILICON RECTIFIER
ASSEMBLIES

®REG. T.M. WAGNER ELECTRIC CORPORATION

64 Circle 64 on reader service card

Electronics Review

amine up to a mile of pipeline with-
out having its nickel-cadmium bat-
teries recharged. Its camera is posi-
tioned at a weld by a radioactive
isotope locator that’s held by an
operator, who walks alongside the
pipeline.

At each weld, the operator wraps
a strip of film around the outer cir-
cumference and then triggers the
crawler’s locomotive section, which
emits a 360° x-ray beam. Cobalt-60
is used as the X-ray source. Weld
defects show up when the film is
developed.

Capable of climbing 30° inclines,
the crawler can be used in pipe-
lines ranging from 18 to 60 inches
in diameter; the wheels are mounted
on adjustable base plates.

Computers

Double thinking

Computer designers have always
been bothered by the need to go
through save-and-restore routines
every time there’s an interrupt in
their general-purpose digital sys-
tems.

Engineers at Varian Associates’
subsidiary, Varian Data Machines,
Irvine, Calif., think they’ve found
a way to overcome this hurdle. The
result is a new, mini computer—
the 520/I-selling for $7,500 with-
out a teletypewriter.

The unique feature of the sys-
tem, says Robert Thomason, vice-
president for engineering, is its
dual set of program-counter, index-
register, and accumulator registers
in the central processor. These
create two “environments” within
which the computer can operate
interchangeably, Varian’s Thom-
ason explains.

When an interrupt occurs, he
says, the program can switch to
the registers of the second environ-
ment without any delay for saving
the contents of the registers of
that environment, When the inter-
rupt ends, the program returns to
the undisturbed data held in the
first environment. Each environ-
ment has its own particular word-

length control.

Different lengths. By operating
in a dual environment, the com-
puter can interlace background
and foreground tasks without
losing time in save-and-restore
registers, or can find return ad-
dresses. What’s more, each en-
vironment contains a 16-bit hard-
ware index register and can
operate at different word lengths.
The user could be processing at
one word length in one register,
then switch to another word length
for operation in the input-output
cycle in the other register,
Thomason says. Word lengths may
be 8, 16, 24, or 32 bits. Program
data is stored and processed in 1-,
2-, 3-, or 4-byte units.

Thomason says the “dual en-
vironment” of the computer gives
it a capability unmatched by com-
parable machines, especially those
processors costing less than $10,-
000. He says that using monolithic
integrated-circuit technology and
and an eight-bit-wide memory en-
abled the firm to reduce costs and
power without sacrificing per-
formance or capability. The com-
puter has direct addressing to
4,096 bytes, as well as indirect and
indexed addressing, features that
Thomason maintains are uncom-
mon in systems available at this
price level.

For programing ease, users are
provided with 11 interrupts com-
bined into four hardware priority
levels. Eight of the sense lines are
attached to a single priority level;
the other three remain separate.
Because each program has its own
set of registers, response to inter-
rupts is rapid and multiprograming
is efficient, vice president Thom-
ason says.

The computer’s circuitry is on
hard-wired printed-circuit boards,
one for control and process func-
tions and one for the memory.
Transistor-transistor logic is used
in the arthmetic parts and is fur-
nished by Fairchild, Motorola, and
Texas Instruments. In addition, the
hardware registers use medium-
scale integrated devices supplied
by Motorola. There are 16 flip-
flops. Diode-transistor logic is used
in the control circuitry.

Two-dimensional. The memory
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PROBE

AND READ
IN-CIRCUIT
MEASUREMENTS

A COMPANION INSTRUMENT COVERS THE
5 Hz to 500 kHz RANGE

The Hewlett-Packard 4800A Vector
Impedance Meter measures impedance
in seconds. It does for AC measure-
ment what the ohmmeter does for DC
testing. Just plug it in and read it.
Price: $1,650.00. Complete specifica-
tions are yours on request.

The Hewlett-Packard 4815A RF Vector Impedance Meter provides fast, direct
reading measurements of impedance and phase angle over the frequency range
from 500 kHz to 108 MHz. The convenience of probe measurement and direct
readout make the instrument equally useful for laboratory, receiving inspection
or production line measurements. The 4815A reads complex impedance over
its full frequency range without charts, data interpretation or a slide rule. As a
result, it offers fast, accurate evaluation of the complex impedance of both
active circuits and components. Low-level signal strength minimizes circuit
disturbance and prevents overloading the test component. Price: $2,650.00.

Application Note 86 discusses many appli- ——

cations of the Vector Impedance Meters. E

For your copy of this note and complete HEWLETT r PACKARD
specifications, please contact your local

Hewlett-Packard field engineer or write:

Hewlett-Packard, Green Pond Road, IMPEDANCE INSTRUMENTS

Rockaway, N. J. 07866. :
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NEW

S0LID STATE
POWER
PAGKS

for

regulated

applications

from

Plastic Capacitor’s new LV Series
Power Packs, ranging from 12 to 100
volts DC, offer an improved solution to
today's system requirements. Models
available with DC output voltages of
12, 24, 28, 36, 48, and 100 volts with
power ratings of approximately 25, 50,
100 & 150 watts.

FEATURES INCLUDE:
w 0.01% LINE REGULATION

= 0.05% LOAD REGULATION
= 3MV PEAK TO PEAK RIPPLE AND NOISE

m NEGATIVE 0.015%/°C TEMPERATURE
COEFFICIENT

m LESS THAN 0.2 OHMS OUTPUT
IMPEDANCE

= TEMPERATURE OPERATING RANGE OF
0°C T0 55°C

For positive proof that good things
come in small packages . .. check your
power pack needs with Plastic Capaci-
tors. Write for full engineering data
today.

Plastic Caparitons

2620 N. Clybourn Chicago, Ill. 60614
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is a high-speed random-access
unit. It can be expanded from 4,096
eight-bit bytes to 32,768 bytes, and
the memory cycle time is 1.5 micro-
seconds, with an access time of 500
nanoseconds. To save space, the
memory is made of 30-mil ferrite
cores spread out on a two-dimen-
sional plane.

The 520-1 differs from “two com-
puters in one box,” Thomason
says, in that all registers use the
same memory. When the machine
is operating in one routine it
isn’t possible to operate another
program simultaneously. But with
the 1.5-usec switching time, he
says, one can transfer to a different
environment quickly. This is both
access and instruction time, he

adds.

Companies

Suit up

The Supreme Court has agreed to
hear an appeal by the Zenith Radio
Corp., which is seeking nearly $35
million in damages from the Hazel-
tine Corp. and its subsidiary, Hazel-
tine Research Inc.

Zenith was originally awarded
this amount back in 1965, but a
Federal court in Chicago then re-
versed the decision.

The case originated in 1959 when
Hazeltine sued Zenith on the
ground that Zenith had infringed
on a patent covering circuitry used
in black-and-white tv sets. Zenith
countersued in 1963, charging Ha-
zeltine Research with violation of
the antitrust laws in the use of its
patents.

Zenith claimed that Hazeltine is-
sued some 500 patents to pools
maintained by U.S. and other com-
panies manufacturing in Britain,
Australia, and Canada, and that
this pooling system was used to
prevent the export of Zenith radio
and tv sets to those three countries.
According to briefs filed with the
Supreme Court, the pools generally
wouldn’t grant patent licenses for
products made in the U.S. and ex-
ported to those countries.

For the record

Sobering thought. Not that it’s
likely to put any bartenders out of
work, but K&M Electronics Inc.,
Baltimore, has developed an elec-
tronic bartender for the home,
yacht, or executive suite. The unit,
called the Bar-Tronic and selling
for $5,000, can pour any one of 24
drinks in four seconds. It holds
15 ingredients, mixer dispensing
equipment, and is refrigerated. The
Bar-Tronic ean mix its 24 drinks
automatically by preselected dial
settings, or an almost limitless va-
riety of drink proportions using 25
pushbuttons to choose separate
quantities of each ingredient. Tt
weighs about 125 pounds—un-

loaded.

Move along. Between July 1 and
March 1969, Honeywell Inc. will
move the operations of its Test In-
struments division from San Diego
to the division’s headquarters in
Denver. The San Diego plant will
become the new home of the Spe-
cial Products division of Honey-
well’'s Electronic Data Processing
division, which will be moved from
two plants at Newton and Law-
rence, Mass. A Honeywell spokes-
man says the San Diego plant staft
will nearly double within a year.

Acquired. Tyco Laboratories Inc.,
Waltham, Mass., has agreed to pur-
chase Digital Devices Inc., Syosset,
N.Y., a privately owned maker of
magnetostrictive delay lines for pe-
ripheral computer equipment.

Sold. Laser Systems Corp., Ann
Arbor, Mich., has purchased Lear
Siegler Inc.’s Laser Systems Cen-
ter, also in Ann Arbor.

Run deep. Testing is now under
way on the first of two sonar sub-
systems being developed by Honey-
well’'s Marine Systems Center for
the Navy’s submarine-personnel
rescue program. The three-dimen-
sional sonar system has four hydro-
phones, mounted fore and aft on
the hull of a rescue ship on the
surface. The system will be used to
pick up and locate sounds.
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Trends

from Texas Instruments

Linking soldier to satellite . . .
that’s the job for these seventeen
low-power TTL integrated circuits

from Texas Instruments. They help
form the “intelligence center’’ for

an Alert Receiver Terminal — part
of an advanced new communica-
tions system being developed by
Collins Radio Company for the
Tri-Service TacSatCom (Tactical
Satellite Communications) pro-
gram. Prototype receiver terminals
are being built for the U. S. Army
under a Tri-Service contract
administered by the U. S.

Air Force's Electronic Systems

Division. Collins engineers use 54L

circuits in achieving a portable and

lightweight receiver capable of
unscrambling messages from a
satellite 22,000 miles away.
Weighing only 12.8 pounds (with
battery) and just 8” by 11” by 2"
in size, the Alert Terminal is
designed for battlefield use. It is
made to go where the soldier goes
— detecting, decoding and verify-
ing satellite-relayed digital
messages — to get the
“word” out . . . fast!




Low-power TTL
unscrambles satellite

messages




Objective: Demonstrate that a
man-carried satellite receiver can
effectively get the “word” out—to
widely dispersed soldiers —fast!
Approach: Book-size digital re-
ceivers are being developed to de-
tect and display coded messages
dispatched from distant ground
stations and relayed by satellite.
Prototype models are now being
built by Collins for the Tri-Service
system. Each receiver uses 17
Series 54L low-power TTL inte-
grated circuits from Texas Instru-
ments. Included are: Six SN54L71
R-S master-slave flip-flops, four
SN54L00 quadruple 2-input NAND
gates, six SN54L20 dual 4-in-
put NAND gates, and one
SN54L30 8-input
NAND gate.

Keeping the equipment small

and portable, while still meeting
the rigid performance and relia-
bility levels specified, presented
extremely tough design problems.
A high performance level is es-
sential in decoding and displaying
messages weakened by 44,000 miles
of space travel. Series 54L circuits
provide positive triggering with
low-signal currents under severe
conditions of humidity, dust, shock
and vibration —at temperatures as
low as minus 40°C.

Another requirement is to make
the receiver—plus batteries—
small enough to be carried by one
man. The low power drain of Series
54L, only one-tenth that of stan-
dard TTL, helps keep down bat-
tery requirements while small size
and low package count helps hold
overall receiver size to only 8" x
11" x 2". With battery, the equip-
ment weighs only 12.8 pounds.

While the Alert Terminal can be
carried and set up by one man, it
can also be incorporated into any
of three larger and more versatile
systems Collins is building for Tac-
SatCom. These units can transmit
and receive voice and teletype as
well as coded messages. All sys-
tems operate in the UHF band of
225 to 400 MHz and are engineered
to meet the same critical perfor-
mance and reliability standards.

Based on acceptance by the De-
partment of Defense, TacSatCom
—including the Alert Receiver
Terminal and other sophisticated
system components —can be opera-
tional by the early ’70’s. The com-
plete system will make possible
voice and teletype communication
to hundreds of mobile receivers
without the formal procedures, in-
terference and waiting periods
confronting present satellite com-
munication users.

The task of helping link soldier
to satellite is a tough, new job for
integrated circuits. It’s the sort of
job that requires outstanding reli-
ability...along with an optimum
balance of signal power and low
temperature operating capability.
In short, it’s the kind of job made
to order for Series 54L/74L TTL
integrated circuits from Texas
Instruments.

New plastic package, two
new complex-function circuits,
expand low-power TTL line

TI now offers its Series 54L/74L
low-power TTL integrated circuits
in dual-in-line plastic packages...
with bonus results. The line’s low
drive requirements and low power
dissipation are now coupled with
the low first cost and reduced han-
dling costs of the plastic package.
This is in addition to the popular
long-lead hermetic flat pack (avail-
able in either the Mech-Pak™ or
Barnes carrier) as shown above.

TI’s low-power series is also more
versatile than ever, thanks to two
new complex-function circuits.
These include a dual J-K master-
slave flip-flop (SN54L78/74L.78) and
an eight-bit shift register (SN54L-
91/74L.91). Together they now bring
the extra reliability and lower
cost-per-function of complex-func-
tion ICs to military and industrial
low-power applications.

For data sheets on the entire
family of low-power TTL, write on
your company letter-
head to Texas Instru- o
ments Incorporated, 0
P. O. Box 5621, MS 980,

Dallas, Texas 75222.

TEXAS INSTRUMENTS

INCORPORATED



Dual 50-bit

static shift register highlights
eight new MOS ICs
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This is a photomicrograph of the longest static shift register available in a production

device today. It's TI's new dual 50-bit MOS IC...

one of eight new computer-designed

circuits. Companions include three other dual SRs (32, 25 and 16 bit), a six-channel
analog switch, an audio amplifier, a dual full adder, and a dual 3-input NOR gate.

For your moderate speed digital
applications, TI’s new MOS inte-
grated circuits can offer significant
savings. For example, cost-per-bit
for these MOS static shift registers
is only about one-fourth that of
bipolar registers.

All four new MOS static regis-

ters operate over the full d-c to 1
MHz spectrum (3 MHz under mod-
erate loading). Unlike dynamic re-
gisters with a minimum clock rate,
these static MOS circuits can store
information for relatively long pe-
riods. They also possess high noise
immunity, because of high input

impedance, typically 10 megohms.

The dual 50-bit static register
features very low power drain of
only 1.6 mW per bit. Furthermore,
longer static MOS registers and
specially tailored units can be read-
ily provided...thanks to TI’s com-
puter-aided design which makes
custom derivitives possible in
economical and timely quantities.

Six-channel analog switch
To permit switching of lower-level
signals without excessive attenua-
tion, the TMS 1A 6009 AA features
low “on” resistance (150 ohms).

It is recommended for analog
and time-division multiplexing,
and chopping circuits.

Audio amplifier

Small size and modest cost make
the TMS 7A 7000 LA ideal for many
industrial and consumer applica-
tions. It is an R-C coupled audio
amplifier with a gain of 45 dB over
the frequency range of 10 Hz to 50
kHz. Output voltage swing (8 volts
peak-to-peak) is obtainable with a
single —20 to —30 volt power supply.

Dual full adder and

dual NOR gate

High input impedance, buffered

outputs and high noise immunity

are characteristics of the TMS 1A

1700 AA dual full adder and TMS

LA 1702 dual 3-input NOR gate.
For data sheets on any or all

these new MOS ICs, write on your

letterhead to Texas In-

struments Incorpora- -
ted, P. 0. Box 5621, [}
MS 980, Dallas, Texas

75222,

TEXAS INSTRUMENTS

INCORPORATED



lear outt this page.

This Dialight demonstrator unit (shown actual size) is available for your personal evaluation.

Place it next to any readout
you're now considering.

Then walk back 30 feet and
prove to yourself that low-cost
Dialight readouts are easier to read.

The only way to be sure is to compare Dialight readouts
with others. This little test will give you a rough idea of
the difference. But it's not quite as convincing as the
actual demonstration we’ll be happy to provide you with
on request.

Dialight readout modules cost as little as $3.99 each
(less lamps in 1000 lot quantities). They operate on 6, 10,
14-16, 24-28 volts AC-DC, 150-160 volts DC and 110-125
volts AC. Caption modules are available; each is ca-
pable of displaying up to six messages at one time.

o

Windows are of non-glare type in a choice of colors.

Options: universal BCD to 7-line translator driver,
10-line to 7-line converter for decimal input, RFI-EMI
suppression screen. Custom translators available.

To arrange to borrow a Dialight demonstrator unit,
write us on your company letterhead.

For copy of our current catalog, circle reader service
number below. Dialight Corporation, 60 Stewart Ave.,
Brooklyn, N.Y. 11237. (212) 497-7600.

DIALIGHT
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THE MOST COMPLETE RANGE
IN THE WORLD |
OF U.H.F. CERAMIC-METAL
TETRODES
In operation for more than
5 YEARS
on more than
500
low and high power U.H.F.
television transmitters
and translators

\ \

HIGH GAIN U.H.F. TETRODES 1000 Mcs

THOMSON 7w \'ﬁou’sftju'

OUTSTANDING PERFORMANCES
IN SSB COMMUNICATIONS —TROPOSPHERIC SCATTER LINKS —RADARS

&

THE MOST ADVANCED TECHNOLOGY ¥ — THE LOWEST OPERATION COST

VAPOR COOLED

ASK FOR SPECIFIC DATA SHEETS
HOTCHKISS BRANDT

- FRANCE - TEL. : 5666.70.04
Phone :(212]245.3900

% Special grids patented

THOMSON HOUSTON -
ELECTRON TUBE DIVISION 8, RUE CHASSELOUP-LAUBAT - PARIS XV*
THOMSON ELECTRIC Co INC. 50 ROCKEFELLER PLAZA - ROOM 916  NEW-YORK, 10020 N.Y. USA.. -
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Logit card test system.
Hulf-a-million
tests a second:

‘96,000.

The Fairchild 8000A Logic Card Test System
will test almost any complex circuit you've
got. LSI. MSI. Thin-film circuits. Anything.
It's computer-controlled and can make 10,000
tests a second per pin. Its basic 48-pin
capability can be expanded to 144 pins.
And, every pin has its own comparator.
There’s no faster, more economical way to
functionally test complex devices or printed
circuit cards. Why not call Fairchild collect
and get all the facts. Our number is (408)
735-5461. Ask for Ulrich Kaempf.
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o Send for our new 68 page
\\\\\\\3\\\!‘\1‘““"" ) catalog of OSM® Solid
" o W\ State Devices, Compo-

SOLID STATE VTOs
OCTAVE RANGES
10 MHz - 5.2 GHz

SERIES 28670

10 MHz to 1000 MHz

In octave frequency ranges from 10 MHz to
1000 MHz, the OSM® Series 28670 Voltage
Tuned Oscillators are high performance, com-
pact, and light weight signal sources. Their
many applications include remotely tuned os-
cillators, medium power sweep oscillators
and digitally tuned frequency sources in
automated test equipment. Features include
medium power output, good frequency sta-
bility, low noise, minimal power requirements
and operation from —54°C to 71°C.

SERIES 28770

1.0 GHz to 5.2 GHz

These new high power solid state OSM®
Series 28770 Oscillators were designed to
replace VIMs and BWOs in commercial and
military system applications.

From 1.0 GHz through 5.2 GHz these small
(1” x 1” x 2") electrically tuned units feature
high power output with greatly improved
harmonic suppression (30 dB typical) without
filters. Oscillator systems are available that
can be pulse modulated, power leveled, in-
jection locked, and tuning curve linearized.

For further information call, TWX or write your
nearest Omni Spectra representative or Omni Spec-
tra, Arizona Division, 253 So. Hinton St., Scottsdale,
Arizona 85251. Tel. (602) 947-4346 TWX (910) 950-1296

nents and Connectors.

Circle 74 on reader service card

Omni

speCtl'ﬂ, lnC. Arizona Division
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Proven...better, faster, more economical scribing

THE TEMPRESS AUTOMATIC SCRIBING MACHINE HAS
FULFILLED THE PROMISE MADE WHEN INTRODUCED . . .
NEW EFFICIENCY FOR SEMICONDUCTOR MANUFACTURE.
To restate the advantages: one microscope . . . one group
of positioned sequence controls . . . one streamlined pack-
age, as small as an office typewriter. A look inside discloses
all electronic circuitry on easy-access circuit boards
and life-lubricated mechanical components. The
price has made it practical for an entire industry to
adopt it as the standard scribing device. New refine-

ments include high reliability electronic components, high

contrast illumination system, provision for triangular scrib-

ing, and a new system for clamping and adjusting scribing

tools. The Automatic Scribing Machine is a product of the

Tempress Standard of Excellence . . . a proud member of

the growing family of Tempress miniature assembly tools
and production machines.

T TEMPRESS

Tempress Research Co., 566 San Xavier Ave., Sunnyvale, California
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THREE NEW
BROADEBAND

QUADRATURE
HYBRIDS

Merrimac's new lineup of broadband quadrature hybrids are unsurpassed
in performance, quality and price. The QH-7-17 covers the full band-
width over 2-to-32 MHz with 23 db minimum isolation. This four-port
hybrid network exhibits less than 0.75 db insertion loss and output
equality of 0.3 db. Phase quadrature is 90° =+2°. Other new broadband
quadrature hybrids include the QH-4-53 covering 30-to-76 MHz and
the QH-5-30 covering 10-to-50 MHz. Their low prices will surprise you!
These broadband networks are extremely useful for imageless mixing,
single sideband modulation, radio direction finding, phasing of antenna
systems, and homing systems. Also available are a variety of reduced
bandwidth and miniature quadrature hybrids from audio to microwave .
For more details, write or phone Merrimac.

MERRIMAC RESEARCH AND DEVELOPMENT, INC.
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Only ITT registers TTL masks to + 120 atoms.

Another reason
to buy from
“The Predictables”

With ITT's exclusive laser-controlled
mask making procedure, part-to-part
TTL performance shows less variation
than ever before. The result is Series
9000 .TTL, the circuit family with
predictably superior characteristics.

What are the characteristics that set
these ICs apart?

Unmatched uniformity of
performance.

Ideal speed . . . faster than
SUHL | and Series 54/74, but
slow enough to keep existing
PCB layouts working.

Diode input clamps . . . eliminate
ringing.

Competitive pricing with SUHL |,
Series 54/74 and other

TTL circuits that don't offer

the same degree of control

of mask tolerances.

® | ow power dissipation . . . about
half that of SUHL Il and
Series 54/74H.

Get the real inside story on TTL from
ITT. Order some circuits . . . and test
them. Call your ITT distributor for
off-shelf delivery, or contact the ITT
factory representative for production
quantities. ITT Semiconductors is a
division of International Telephone
and Telegraph Corporation,

3301 Electronics Way,
West Palm Beach, Florida.

semiconductors ITT

FACTORIES IN WEST PALM BEACH, FLORIDA * PALO ALTO, CALIFORNIA * LAWRENCE, MASSACHUSETTS * ENGLAND * GERMANY * PORTUGAL * AUSTRALIA

Electronics | June 10, 1968
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The most important thing
about these relays is the
company that makes them

ﬁ” *\

MX»I 6000

AMS & WESTLAK
KHART, INDIANA

The big difference between Adlake and
other people is service. We provide design
and application assistance. If we don’t
have the exact relay you want, we help
you develop a new one.

Not that there’s anything wrong with our
standard relays. On the contrary. The
mercury-wetted relays shown here are
ideal devices for high-speed switching
and for circuit isolation, especially when
high package density is essential.

Some specifications:

CONTACT ARRANGEMENT
(Plug-In)

MWCX-16000: SPDT, Form C
MWDX-15000: SPDT, Form D
(Printed Circuits)
AWCX-16000: SPDT, Form C
AWDX-15000: SPDT, Form D

LIFE

In excess of one billion operations with
proper contact protection

78 Circle 78 on reader service card

FORM C, MWCX
FORM D, MWDX

CONTACT RATING

100 VA (2 amps max. 500 volts max.) with
proper contact protection

SENSITIVITY

Single-Side-Stable: 45 ampere turns
Bi-Stable: 21 ampere turns

INSULATION RESISTANCE

1000 megohms min. at 500 VDC, 45% RH
and STAND OFF VOLTAGE at 1000 VAC
60 Hz (between all mutually insulated ter-

minals except between windings of bifilar

construction coils)

BRIDGING TIME, FORM D
10 to 500 microseconds

TRANSFER (null) TIME, FORM C
10 to 600 microseconds

OPERATE MAKE TIME

As low as 1.0 milliseconds for Single-Side-
Stable, and 0.9 milliseconds for Bi-Stable
operation

FORM C, AWCX
FORM D, AWDX

(For complete specifications and charac-
teristics, ask for Bulletins MW1 and MW2)

Adlake has the industry’s most complete
line of mercury-wetted and displacement
relays, plus a new line of dry reed relays.
So call us next time you have a circuit
design problem.

SINCE 1857

THE ADAMS & WESTLAKE COMPANY
A SUBSIDIARY OF || |ED PRODUCTS CORPORATION

Elkhart, Indiana, U.S.A. 46514 - (219) 264-1141
TWX 219 522 3102 « TELEX 25-8458 « CABLE ADLAKE
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Blame terrain radar
for F-111 crashes

Breakup of FCC
may be in the air

L-bahd, tv tests
likely for ATS-F

Electronics | June 10, 1968

'Washington Newsletter

June 10, 1968

Although the Air Force insists that the seven F-111 crashes haven’t been
caused by the craft’s terrain-following radar, authoritative sources in
Washington claim the unit was at fault in some of the mishaps. The tip-
off: F-111’s have been ordered to fly at higher altitudes for the time being,
and it’s at the lower altitudes that the terrain-following radar is crucial.

One source brands the explanation that a “tube of glue” caused one
crash as hogwash. He claims the radar was at fault. The Air Force has
listed a number of official reasons for the crackups but none mention
the radar.

The radar is made by Texas Instruments and is designated AN/APQ-
110, which will be replaced in the F-111D integrated avionics system by
another TI-built terrain-following radar, the AN/APQ-128.

Will the FCC be disbanded? That’s the question being raised in Govern-
ment circles. There’s a likelihood that the President’s Task Force on
Telecommunications will propose a multiagency setup along the lines
suggested by FCC Commissioner Robert T. Bartley.

In a speech before the Illinois State Broadcasting Association last
month, Bartley called for the creation of three agencies to replace the
FCC—one to regulate broadcasting, another to regulate common-carrier
rates and services, and the third to administer spectrum allocation. His
reason: the FCC is so bogged down by legal procedures that it can’t keep
up with what he calls the state of the communications art.

Bartley isn’t alone in clamoring for a change. Last week, the Electronic
Industries Association’s committee that serves as a liaison with the Office
of Telecommunications Management appealed for strong federal leader-
ship in telecommunications plans and policies. The committee told the
task force in no uncertain terms that such leadership requires “far more
extensive analytical, planning, and engineering resources than are now
supported by the FCC and director of telecommunications management.”

NASA officials have their work cut out for them this summer—selecting
the experiments for Applications Technology Satellites F and G. From
the more than 50 already suggested, only a handful of experiments will
be chosen for each mission. The satellites are scheduled for launching
in the early 1970’s.

Of the 28 proposed communications experiments, two appear to have
the best chances of hitching rides—a test of L-band equipment and an
attempt at a direct tv broadcast from space. Others likely to make it are
wave-propagation experiments (there will be nine of these on ATS-E to
be sent aloft in 1969) and frequency-utilization experiments above 10
gigahertz. .

The remaining proposed experiments involve meteorology, astronomy,
and navigation.

Because all three teams bidding to build the ATS-F and G satellites
were selected for competitive contract negotiations, the original NASA
target of August for selecting the contractor has gone out the window.
NASA officials now hope to pick a winner from among Fairchild-Hiller,
GE, and Lockheed Missiles and Space Co. by early fall
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Navy will pick
DX semifinalists

FCC approval seen
on phone rulings

Task Force findings:
job for the man
who follows LBJ

Addenda

Washington Newsletter

The Navy will pick two or three semifinalists late this month from the six
competitors for design and production of the DX, a new generation anti-
submarine and shore-support destroyer. The winner will be selected in
August 1969. Preliminary estimates are that half of each vessel’s cost will
be for electronics, so shipbuilders have teamed with electronics firms in

their bidding.

For example, Newport News Shipbuilding has joined Control Data,
General Electric, and Philco-Ford’s Communications and Electronics
division, while Avondale Shipyards has lined up North American’s Auto-
netics, Collins Radio, ITT, and the Edo Corp. The Defense Department is
asking for $246 million in fiscal 1969 for the first five ships. The Navy will
want 50 to 100 vessels, each costing $40 to $50 million.

Meanwhile, Litton Systems, Inc. has been selected over General Dy-
namics Corp. and Newport News as designer-builder of a new type of
helicopter-carrying assault ship, the LHA. The Navy wants to build five
and possibly 10 LHA’s at a cost of about $100 million each. However,
Congress hasn’t set aside the money, and current budget-tightening makes
it doubtful that a go-ahead will be received in 1969.

There are growing indications that the FCC will uphold the examiners’
decision in the controversial Carterphone and Microwave Communica-
tions Inc. cases, thus opening the way for “foreign attachments” on tele-
phone system lines and providing competition in microwave service.
The FCC is expected to make its decision this month [Electronics, May 13,
p- 59].

However, it will probably provide that technical standards be estab-
lished by common carriers—subject to FCC approval—to enable such
attachments as the Carterphone to be connected to phone systems.

The decision on the microwave case will probably win approval on the
basis of Microwave Communications’ offer to reduce tariffs between Chi-
cago and St. Louis.

It appears now that the recommendations of the President’s Task Force
on Telecommunications, due in August but almost sure to be late
[Electronics, Dec. 11, 1967, p. 67], won't be made public until the new
Administration takes over. A source at the Office of Telecommunications
Management, which is doing much of the task force’s legwork, says the
recommendations are going to be controversial and difficult to imple-
ment and that President Johnson would just as soon dump them in the
lap of the next President.

The Senate is expected to adopt without change the House bill extend-
ing the life of the Renegotiation Board by three years. The measure
approved by the House last month kept at $1 million the minimum
amount of annual business a contractor must do with the Government
before the board can review its profits [Electronics, May 27, p. 74]. As
the board’s authorization expires June 30, the Senate will move quickly
on the extension . .. When Wernher von Braun warned Congress that
draining off NASA money for poverty programs would result in a U.S.
technological lag similar to Britain’s, he failed to impress the British.
Said one embassy official: “Oh, him. Peter Sellers took care of von Braun
years ago in ‘Strangelove.’”
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Sorensen’s QRE Series, available from
stock, will limit overvoltage excur-
sions to 250mV under any
condition — then reduce
the output voltage to
0 within 10« sec.

vE ®
< e
@
. )
Model QRE 10-3.7

Model QRE 7.5-10

Sorensen QRE Series for IC's:
O lgﬁasge: ;(éit:séttai\g'l‘e “Crowbar” over- ] No turn-on/turn-off overshoots

[] Voltage Regulation: ==0.01% for maximum
line and load changes combined

[J Voltage Ripple: 300.V r.m.s. (3mV peak-
peak) max! ] Ambient Temperature: —20to +71°C

Contact your local

[J Remote Programming

[] Remote Sensing

Output A
Model Voltage Output Current Range @ Ambient Size (inches) igre,::;{'he':: r%s:':t:at:‘vye
Number Range @ 40°C @ 50°C @ 71°C h w d Price Sorensen Operation,
QRE 10-2.2 | 0-10Vdc 0-24¢ 0220 0150 |3% 5% 8% | $135 s e 05 e
QRE 10-3.7 | 0-10 0-4.10 0-3.70 0-2.50 3% 5% 11% | $155 TWX 710-468-2940.

QRE 7.5-10 | 0-7.5 0-10.0 0-10.0 0-660 |3% 19  13% | $295
QRE 7.5-20 | 0-7.5 0-20.0 0200 0130 |5% 19 13 | $465
QRE 7.5-50 | 075 0-50.0 0-500 0330 |5% 19  15% | $645
for more data on this versatile instrument . . . Call Sorensen: 203'83 8'6571
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JFD

82

JFD dINOUNGES . .

JFD Delay Lines are top quality, ruggedly constructed,
precision components of proven dependability. A variety
of models, having a wide range of electrical and
physical parameters, are production items. Character-
istics and mounting methods available in standard JFD
units meet the requirements of a wide variety of circuit
applications. Delay Lines for highly specialized applica-
tions are designed in JFD laboratories. A staff of skilled
engineers employ proven techniques to limit develop-
ment time to a minimum.

Distributed Constant

JFD distributed constant Delay Lines manifest mini-
mum rise-time and distortion characteristics. Miniatur-
ized and hermetically sealed models are available.
Measured delay-time is within 5% of rating in most
models.

Lumped Constant

JFD lumped constant Delay Lines are compact in size
relative to delay-time. Attenuation, distortion and
temperature coefficient of delay are minimized. Ratio of
delay to rise time is excellent and delay tolerances may
be held to within 0.29% when required.

Continuously Variable
JFD continuously variable Delay Lines are designed to
withstand shock and vibration and meet military en-
vironmental requirements. Resolution is better than
1/1000th of maximum delay across the entire delay
range, in most models.

For additional information, write for catalog DL-68.

=]
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"NEW

deLay Ling

SERIES...

lllustrations shown 1/15 actual size.

“TODAY'S COMPONENTS BUILT FOR TOMORROW'S CHALLENGES"
JFD ELECTRONICS CO. / COMPONENTS DIVISION / 15th Avenue at 62nd Street / Brooklyn, New York 11219 / Phone 212-331-1000

Offices and subsidiaries in principal cities, world-wide,
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New Tally HR 150 perforated
tape readers run for reliability. With
zero preventive maintenance, the
reader is designed for a minimum life
of 10,000 hours. In typical reader
applications, minor failures would be
experienced less than once a year.
Day after day, month in, month out,
these new readers will give you “full
bore” performance without costly
downtime.

These remarkable “state of the
art” readers operate asynchronously

and bidirectionally at 150 IFirsss s

characters per second and i &
feature a compact, self-con-

tained design, low noise level

and essentially zero prevent- .

ative maintenance. Heart of

the new reader is a new stepping mo-
tor technique which permits true
pulse by pulse operation and avoids
the wear and tear caused by continu-
ously moving parts.

Tape loading is easy and fast.
Reeling tension arms can be locked
upright for convenient tape thread-
ing. Rewind is bidirectional at 40

inches per second.

For full price,

delivery, and tech-

nical information,

please write Tom

Tracy, Tally Corpo-

ration, 1310 Mercer Street, Seattle,

Washington 98109. Phone: (206)

MA 4-0760. In Europe and the U.K.,

address Tally, Ltd., 6a George Street,

Croydon, Surrey, England. Phone:
MUN 6838.

Now, the read head with the two-year warranty, that’s why we call them...

The Long Distance Runners...

TALLY



FreouEneT="®

Testing for frequency response with the 9550A and a Honeywell Model 550 X-Y recorder driven by the Function Generator’s output voltage.

Our new 2550A Sweep Function Generator sweeps from
OJIHz to 100 kHz continuously--
with less than+ Oldb change in amplitude!

Here's still another Honeywell solution! The new 9550A
Function Generator covers seven decades from 0.01Hz to 100kHz
—sweeps six full decades continuously, bringing new speed,
efficiency, and economy to frequency response testing. An ideal
frequency and waveform source, the 9550A is equally at home in
the lab or on the production line. It can be used for measurement
of filter characteristics, calibration of galvanometers and oscillo-
graph systems, spectrum analysis and many other applications.
Six decades of frequency are spanned by the 9550A’s loga-
rithmic sweep, with linear sweep over a two-decade frequency
span. The instrument’s auto-range permits a linear voltage-to-
frequency relationship over the entire range, and a logarithmic
analog voltage-to-voltage relationship accurate to within 0.3 db.
Log or linear voltage proportional to the changing frequency is
produced by the 9550A to drive associated recording instruments
such as the X-Y recorder in our illustration. Sweep start and stop
limits and single or repetitive sweep cycles are programmable.

84 Circle 84 on reader service card

Other important features of this versatile unit include: sine,
square, or triangular waveform output; adjustable sweep times
from 10 to 1000 seconds for each 2-decade range, and up to 3000
seconds for continuous 6-decade auto-sweep; 2-decade DC log
convertor auxiliary function; 2-decade log scale taut-band meter,
and automatic or manual operation with local or remote control.

Call your Honeywell Sales Engineer for a demonstration of
the great new 9550A! It's another example of how Honeywell's
broad line, backed by local sales and service, can provide the
precise solution to your instrumentation problems. For technical
literature, write: Honeywell, Test Instruments Div., P.O. Box 5227,

4800 East Dry Creek Road,
Honeywell

Denver, Colorado 80217.

Honeywell engineers sell solutions

Electronics | June 10, 1968



Silicon
Controlled
Rectijiers

55 Amperes RMS
25 to 1200* PRV
FORWARD CONDUCTING
Itavg — AVERAGE FORWARD CURRENT .........0v'vsensennenennnnnennss 35A.
Vtm  — MAXIMUM PEAK FORWARD VOLTAGE DROP AT 25°C. AT
220 A. PEAK 180° CONDUCTION ANGLE........00eevseninnennens 25V.
in — MAXIMUM HOLDING CURRENT AT 125°C.. .. uvenrensnnesnnnss 200 MA
Itsm  — MAXIMUM PEAK ONE CYCLE SURGE CURRENT............0eeunn.. 900 A
12t — 12t FOR FUSING (FOR TIMES == 1.5 MILLISECONDS)............... 3370 A%SEC.
Idm  — MAXIMUM FORWARD LEAKAGE CURRENT AT 125°C. AND
RECURRENT PEAK NOLTAGE. | ....0 Lo victs v hoactmense sia o s d s 10 MA
toth = YYPICALOFF TIME AT 128 C 0 Lol s el R g ot s PR 404 SEC.
Rian s Y PICAL ON T IME s i e St o Mk AREF s e o 10.54 SEC.
s e Y PIOAL RISE TIME fos 7 oo e e M Bl T 3.25/ SEC.
td" = TYPICALDELAY THRE S Al b - wn o e v e X (Lo 3 7.25 1 SEC.
61.C — MAXIMUM THERMAL RESISTANCE, JUNCTION TO CASE (DC)......... 0.32°C./W.
Tj — OPERATING JUNCTION TEMPERATURE .....evvereensensinneennns 125°¢C
Ttz — STORAGE TEMPERATURE ..., 1.0 000 nsiissssnsossnosnsanssosss —40°C. to 150°C.
BLOCKING
Irm  — MAXIMUM REVERSE LEAKAGE CURRENT AT 125°C. AND
RECURRENT PEAK VOLTAGE. . . ... .vevvessnnennsennsenessnness 10 MA
dv/dt — MINIMUM CRITICAL EXPONENTIAL RATE OF RISE OF
FORWARD BLOCKING VOLTAGE AT 125%Cue. . vsesssnssnensnneens. 100 V./u SEC.
TRIGGERING
Vgt  — MAXIMUM GATE VOLTAGE TO TRIGGER AT 25°C........0vursensns. 3.0V.
Vgt  — TYPICAL GATE VOLTAGE TO TRIGGER AT 25°C.......0evnennrsnnns 13V.
Vgd  — MAXIMUM NON-TRIGGERING GATE VOLTAGE AT 125°C.............. 0.25 V.
Igt  — MAXIMUM GATE CURRENT TO TRIGGER AT 25°C.......0uvensennns. 200 MA
Igt  — TYPICAL GATE CURRENT TO TRIGGER AT 25°C......0.uvennennnns. 100 MA
PEM  — MAXIMUM PEAK GATE POWER. .......0euersensennneanenneesnns 15.0 W.
Pgavg — AVERAGE GATE POWER. ..........couvernernnnennsensensesnnes 3.0 W.
Igm  — MAXIMUM PEAK GATE CURRENT. .. .....cvveeesennnnnssenannnns 4.0A. Also
Vgm  — MAXIMUM PEAK GATE VOLTAGE (FORWARD). ... ...vevssrnsennnn.. 10.0 V. Available
vgm  — MAXIMUM PEAK GATE VOLTAGE (REVERSE). ... .0veennnernnsnonn, 5.0V. In Flag Type

*1300 Volt Transient Rating

7 e e e e et e e e e e e e e e e S P S e S S S S S Pt S B S S S S S S S S S B S S S S ot

: Please send information on: :
I SYNTRON Name/Title O Series 35 C-B Silicon |
| A DIVISION OF Controlled Rectifiers I
I FMC CORPORATION Company. [ Silicon Rectifiers |
| ® 241 Lexington Ave. |
| Homer City, Pa. 15748 Street [ Selenium Rectifiers |
| Telephone 412—479-8011 01 Seluiati® |
: . enium Surge
I City, State Zip . |
: Suppressors
I i 68R6 |

e o e e e e e e e e e e e S S e e e S e S S B B S S S o S S S o S S S S o e S e S e B e
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new options in

BELL & HOWELL

SHOWN
ACTUAL
SIZE

Opt for Bell & Howell op amps by writing
or telephoning for complete technical in-
formation. Ask for a Bell & Howell sales
engineer to call on you to discuss your
particular application, and get advance in-
formation on how we employ new and
proved concepts in hybrid microcircuit
technology to bring you a growing family of
precision linear circuits.

CONTROL PRODUCTS DiIvISIOnN

¥ BeLLsHoOwELL

Control Products Division, Consolidated
Electrodynamics Corporation, a Bell &
Howell Company, 706 Bostwick Avenue,
Bridgeport, Connecticut 06605. Telephone:
(203) 368-6751. Ask for Mr. lan Isdale.
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Type 20-008 (FET input Optimal Op Amp)

Type 20-007 (general purpose Optimal Op Amp). same size.

OPTIMIZED
OPERATIONAL
AMPLIFIERS

Satisfy most application requirements with Bell & Howell's
20-007 or 20-008. These major features in both types:

» value engineered for OPTIMAL balance between
performance, size and cost.

* choice of bipolar or FET input.

» advanced hybrid microcircuit construction.

« internal frequency compensation.

¢ input and output fully protected.

» offset fully trimmed (where else can you find this?)
e compact, low silhouette (0.6” x 0.6” x 0.25").

GUARANTEED SPECIFICATIONS . . . made possible by ex-
perience gained in manufacturing and applying thousands
of op amps, coupled with advanced hybrid technology and
value engineering:

TYPE TYPE
parameter 20-007-A  20-008-01
voltage offset 200 uV 1mV
voltage offset vs. temp. 5 uV/°C 25 uV/°C
input bias current 150 nA 10 pA
common mode rejection 100 db 100 db
gain band width (at 10 kHz) 20,000,000 20,000,000
output current 5 mA 5 mA
PRICE (in quantities of 10-99, any mix) $25 $33

For those special situations where latitude on principal pa-
rameters permits you to trade off specific performance val-
ues for cost savings, consider one of these:

TYPE TYPE TYPE
parameter 20-007-B 20-007-C 20-008-03
S ST S DN O O SRy
initial voltage offset (max.) 500 uV 1mV 2mV
voltage offset, vs. temperature (max.) 5 uV/°C 10 wV/°C 75 uV/°C
input bias current (max.) 150 nA 150 nA 25 pA
PRICE, (quantities 10-99, any mix) $20 $15 $28

spegifications and prices subject to change
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... small enough to fit!

TRW 50-volt Metallized Polycarbon- Short on size and long on relia- For data, write TRW Capacitor
ate Capacitors are made to squeeze  bility, the X463UW series meets Div., Ogallala, Neb. Phone (308)
into tight places. Imagine 10 all requirements of MIL-C-27287. 284-3611. TWX 910-620-0321.

microfarads measuring .547” x  VOLTAGE—50V, 100V, 200V, 400V
114" long. .. the smallest wound  CAPACITANCE—.001 through 10 mfd T w
capacitor on the market! TOLERANCE—available to =19%. ®
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that's not all you get

with GE Silicone
Rubber Insulation

New ultra-tough SE-9090 braidless wire and cable insulation (right) doesn’t support combustion like conventional insulation.
It's shown here passing the UL vertical flame test. SE-9090 has both outstanding insulation resistance and dielectric strength.

The big news in silicone rubber this year is flame Versatile silicones take many shapes and forms to adapt to
retardancy plus high physical strength. your specific problems. For a new booklet illustrating

But don’t overlook the other design advantages of GE electronic applications for GE silicones, write Section né294,
silicones: radiation, ozone, corona, and fungus resistance  General Electric Company, Waterford, N.Y. 12188.
...reliable performance from —150F to 600F ... and the

proved dependability of silicones for the most demanding

dielectric requirements. Weigh them all and you’ll find that

GE siliconesqofferthe best combination of desirable G E N E R A I- @ E I.E CT H I c

values in insulation.

Use GE flame-retardant silicones for...

Potting applications Conformal coatings Wire & cable insulation Fabricated parts
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THE QUIET ONE

Introducing the potentiometer that's
four-times as noise free, twice as
linear, has up to 20 times the cycle-
life of the Allan-Bradley Series J . ..
and costs about 109% less.

The Quiet One is Temp-Matured

...a break-through process of
precisely timed, heat maturing
created by Clarostat. It makes the
entire assembled potentiometer
homogeneous and strainfree
>~ throughout.

> It's quietly revolutionary.

CLARCSIAT



SPECIFICATIONS

SIZE:

RESISTANCE RANGE:
RESISTANCE TOLERANCE:
POWER RATING:
LINEARITY:

WORKING VOLTAGE:
NOISE:

VOLTAGE COEFFICIENT:
EFFECTIVE ROTATION:
ELECTRICAL ROTATION:

CLAROSTAT 2 Watt Potentiometer
MODEL 380 MIL STYLE RV 4

The QUIET ONE is a completely new potentiometer with characteristics

exceeding those costing many times more. It is made in a revolutionary way, untouched by
the human hand or a speck of dust. Machine finishing insures a smoother operation and
helps give it outstanding mechanical and electrical characteristics.

THE QUIET ONE IS TEMP-MATURED™

TEMP-MATURING is a process created by Clarostat specifically for the 380 series.
Completed Quiet Ones are kept under a specific heat for a long period of time. This slow
baking process removes all stress and creates an internal structure so homogeneous,
Quiet Ones are guaranteed to remain within 5% of original characteristics to 100,000
cycles and have been field tested up to 2,000,000 cycles within the same parameters.

V46" DIAMETER

100 OHMS TO 5 MEGOHMS
+10% THRU 0.5 MEGOHMS
2 WATTS (SINGLE CONTROL)

+5%

Reference Line

LINEAR 500 VOLTS D.C. NON-LINEAR 350 VOLTS D.C.

LINEAR SINGLE CONTROLS MAXIMUM INITIAL NOISE LEVEL OF 195 OF Ry
MEASUREMENT MADE USING A CONSTANT CURRENT SOURCE AND OSCILLOSCOPE
DETECTION TECHNIQUE.

A measurement of any spurious variation
in the electrical output not present in
the input, noise is expressed as a
Dynamic Noise percentage of the total resistance
Clarostat vs A& C " -
measured over the nominal effective
rotation.

.005% VOLT MAXIMUM
00 L 0°—10°
312° + 3° WITHOUT SWITCH  333° 4 3° WITH SWITCH

SEND FOR YOUR FREE SAMPLE OF THE QUIET ONE

Just write us on your company letterhead to Dept. 101. CLAROSTAT MFG. CO., INC.

DOVER, NEW HAMPSHIRE 03820 and you'll receive a free sample of the Quietly Revolutionary
QUIET ONE plus full specifications, literature and prices.

CLARCSIAT



Two new tachometers

with hardlyaripple

By adding a printed armature tachometer fo a printed
armature servo motor, PMI| has created two unigue
designs that provide low ripple velocity feedback.

mnten /. s PRINTED
MOTOR &) TACHOMETER
ARMATURE ) \

ARMATURE

INTEGRAL TACHOMETER — Adds a superior tach-

ometer to standard printed motors with no increase
in motor size. Tach features include low ripple (5%
peak-to-peak at 100 rpm; below 2% over 1000 rpm),
excellent linearity and elimination of mechanical
coupling and torsional resonance problems. The
printed tachometer armature typically has the equiv-
alent of over 100 commutator bars raising the fre-
quency of output ripple far beyond that attainable
with conventional tachometers. Ideal for wide
speed range velocity servos.

PRINTED
TACHOMETER
\ ARMATURE

\
I
I

LOW INERTIA TACHOMETER — Designed for high

performance incrementing servos where low ripple,
low inertia and minimum torsional resonance are
necessary. Built as an integral part of the rear shaft
extension of any standard PMI motor, this tachom-
eter has a lower ripple output than any comparable
tach available today...1.5% peak-to-peak at 50
rpm. Inertia added by the tachometer is only .0006
oz.-in.-sec.?. Couplings and mounting hardware are
eliminated by this design and accidental damage to
the tach is minimized by housing it in a rugged 4"
aluminum casting.

~<— Circle 92 on reader service card

[ e e e e e 1
Mail this coupon — for I
information and litera- || PRINTED MOTORS, INC. i
ture on these exciting || 33 Sea Cliff Avenue, Glen Cove, N. Y. 11542 |
new tachometer devel- || I
opments. : Dear Sirs: Please send me information on your new printed armature tachometers. I
‘/ I [ Integral Tachometer [0 Low Inertia Tachometer '
i
| namE TITLE
|
PRINTED I COMPANY.
MOTORS, INC. I
GLEN COVE, NEW YORK 11542 | ADDRESS
Engineeriggé Manufa‘cturing !
pHoTocIRCUITS Corvoration |1 CITY. STATE/ZIP.
GLEN COVE, NEW YORK I |
L e e e e e e e e e e e e e o G e s
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5fast, effective ways
to stop EMI:

It you .
want to shield...

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

Communications L Metex “Zip-Ex”’® zip-on metallic sheath.
7 Use Provides 100% reliable electromagnetic
shielding. Knitted mesh sheath zips on any
shape before or after installation.

Switches/
Metex Flex-Shield shielded rubber boots.

(also keep out
moisture)

gives maximum reliability against RFI-EMI.

push bU“O"S "= N ||SE Metal mesh, molded in flexible rubber,

Electronic equipment

(and vent it, too) .- Metex Shield-Cell honeycomb panels.

; It's designed to meet specific attenuation

Use requirements over specified frequency
ranges. Many standard sizes and
materials are available.

Access :
doors ‘ ) Metex Pola-Stick
s > v Wire imbedded in silicone.
& lids / Use Pressure-sensitive adhesive keeps it

securely in place during and
after installation.

Shield-Vu™ Metex

u Se Your choice of monel, low carbon steel
or etched metal laminated in plexiglass.
Any color, size, or shape.

¥ (201) 287-0800 for design engineering service
S QUICKLY Ca I | (for your rush rush requirements)

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

For Free Samples, Prices and Literature METEX Corporation

8!
on any or all of these EMI shielding 970 New Durham Road, Edison, N. J. 08817 8!
materials—or for technical assistance on (201) 287-0800 » TWX 710-998-0578 8
your particular requirements—write: West Coast: Cal-Metex Corp., 509 Hindry Ave ™\
Inglewood, Calif. 90301 8’
103 (213) 674-0650 » TWX 910-328-6100
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itary and aerospace

equipment demands proven
reliability. Thats why
Dytronics specifies capacitors

of

MYLAR

Dytronics Co., Inc., of Columbus, components we select. Hundreds MYLAR has high tensile and dielectric
Ohio, makes Primary Phase Angle of our Primary Phase Angle Standards  strength. Its unexcelled thinness has
Standards that are used all over the are in military usage, and we are not enabled manufacturers to reduce size

world in all temperature extremes.
Each precision unit uses 70
capacitors of MYLAR*
polyester film. Why
MYLAR? Here's what Paul
Ryan, President, had

to say: “Military and major
aerospace facilities cannot
afford equipment failure,
and we must be sure of the

Electronics | June 10, 1968

plus excellent resistance to i
1 most chemicals and moisture. @Hﬂlﬁ MYLAR:

aware of a single failure of capacitors and weight in capacitors.

of MYLAR...we feel that this is Isn’t that reason enough for you

| evidence of both the reliability  to consider capacitors of MYLAR in

and performance of MYLAR your designs? For additional informa-

1 and we find that capacitors of tion write to Du Pont, which offers the

MYLAR cost about the same thinnest, most versatile range of

as those made of paper.” capacitor dielectric materials available.
MYLAR offers thermal Address: Du Pont Co., Room

stability from —=70°to +150° C.,  5852B, Wilmington, Delawarg 19898.

PAT

A typical part of the Primary Phase Angle Standard
shown above with four capacitors of MYLAR (green).
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R.F. ATTENUATORS,
ROTARY

Featuring the ultimate in
precision craftmanship
and reliability, Texscan
manufactures the most
complete line of rotary
attenuators in the in-
dustry.

Commercial and military
manufacturers have
chosen Texscan rotary
attenuators almost exclu-
sively for incorporation
into their equipment.

DC to 4000 MHz

is covered by 10db, 1db,
and Ol1db step attenuators.
Over 30 standard models
are stocked. Specialized
units upon request. Con-
tact your local Texscan
representative.

TEXSCAN
CORPORATION
2446 N. Shadeland Avenue
Indianapolis, Indiana 46219
Telephone (317) 357-8781
TWX: 810 - 341 - 3184
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Who's who in this issue

From cathode-ray tubes to microwave integrated circuits—with stops on
the way at color-television tubes, germanium transistors, and diodes--
describes the path taken by William J. Moroney [p. 100]. Director of
semiconductor development at Microwave Associates Inc.’s engineering
division, he holds a bachelor’s degree in chemistry from Niagara Uni-
versity, another in chemical engineering from Syracuse University, and
a master’s in physics from Northeastern University.

Moroney’s experience in sealing color-tv tubes with glass frits paved
the way for his work in sealing semiconductors with glass.
Looking ahead. Currently, his staff is engaged in
such projects as basic raw materials for diodes,
bulk oscillators—including Gunn and avalanche di-
odes—varactor diodes, and, of course, microwave
IC’s. Most of the work on the latter is still in the
research and development stages. As for the future
of microwave IC’s, Moroney says a great deal will
depend on whether heavily funded programs are
in the offing.

But, says Moroney, even at the present develop-
ment rate, all indications point to tomorrow’s mi-
crowave circuits being semiconductor oriented.

The education of Louis de Pian
[p. 114] in both electrical engi-
neering and the English language
was begun in Greece and com-
pleted in the U.S. He was born in
Athens in 1925 and came to the
U.S. in 1949 to obtain his doctorate
at the Carnegie Institute of Tech-
nology. He taught at Carnegie un-
til 1957, when he became a pro-
fessor of applied science at George
Washington University. .

Pioneer. De Pian, now chairman of the electrical engineering depart-
ment at George Washington, wrote “Linear Active Network Theory,”
published in 1962, five years before any practical active filters came on
the market. Soon afterward he organized a formal course on active filters
at George Washington University.

One of the biggest hurdles that must be overcome in achieving radia-
tion-hardened circuits is the lack of adequate data. That’s the opinion
of Fred W. Karpowich [p. 122]. A senior staff engineer at Avco’s
nuclear-effects section, he says: “For now, the only way to get infor-
mation is to talk directly to companies doing such work and to attend
the classified meetings.

This lack of communications, Karpowich points out, leads to dupli-
cation of testing efforts.

Outlook brightens. But he sees some hope. “Since the Government’s
requirements for future systems will include radiation specifications,”
says Karpowich, “the need for radiation testing will rapidly increase.”
He feels that the Government—particularly the military—is beginning to
look at radiation effects as just another environment, like temperature
and humidity. And this, he believes, will force manufacturers to provide
radiation test data on their device specifications.

“Engineers concerned with radiation hardening must broaden their
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horizons in many disciplines,” says
Joseph T. Finnell Jr. [right]. Head
of the nuclear-effects section at the
Avco Corp.’s Missile Systems divi-
sion, he feels not enough use is
made of computer-aided tech-

niques for design and analysis.
Finnell, who has written several

articles and presented a number
of papers on the effects of radia-
tion, feels computer techniques are
cheaper in the long run. Unless a
one-shot approach in circuit test-
ing proves fruitful, repetition of
both measurement and analysis be-
comes time consuming and costly.

What’s ahead. But Finnell be-
lieves most engineers recognize
that computer techniques are the
wave of the future. He anticipates
greater use of computers in both
designing and testing of radiation-
hardened circuitry.

General Electric’s vibrating rate
sensor has been engineer Bill
Gates’ baby for the past 21% years
[p. 130]. He’s carried it through
from the initial concept to its cur-
rent test flights. Before this project,
Bill worked on the development of
electrostatic gyros, a d-c brushless
torque motor, and optical inertial
tracking systems for space vehicles.
He’s been with GE since 1960,
even before he got his bachelor’s
degree in electrical engineering
from Rens- :
selaer Poly-
te chnic In-
stitute in
1961. He
earned a
master’s de-
gree in en-
gin e ering
from Union
College two
years later.
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Boost IC op amp
power with
Helipot's miniature
hybrid
amplifier.

Here’s how it performs:

|, [Beckman]

HELIPOY DIV
,!“‘ Actual Size

821

Here’s the
= 2.5 watt output ~~. Here's a typical hookup: price:
» 30 MHz bandwidth \\\\f“ $35.00—1t09
* =16V voltage swing quantity. Delivered
* |ess than 90° phase shift from stock

» 55 to +125°C operation
= foldback short circuit immunity

= protects op amp and power
supply from overload reflections —

~ The new Model 821 is a hybrid, cermet thick film

} power amplifier which drives load resistances

} } as small as 100 ohms to within 4 volts of the supply
' voltage from d-c to 30 MHz. Its combination of
unity voltage gam and wide bandwidth permits boosting the power
of an IC amplifier without affecting its other performance
capabilities. In addition, the Model 821’s ability
to block all overload reflections results in the Jpp—
prevention of heat generated errors in the !
op amp and allows immediate recovery
upon overload removal.

Completely self-contained, this fully sealed
power amplifier is only 0.170” high, occupies
just 0.5 sq. inches of board space, and is com-
patible with both flat pack and dual in-line IC packages.

Ask your local Helipot sales representative for complete ¥
information on the Model 821.

Beckman®

INSTRUMENTS, INC.
HELIPOT DIVISION
FULLERTON, CALIFORNIA » 92634

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

A wide-angle look at
microwave IC’s
page 100

Using the gyrator
in active filters
page 114

A guide to radiation
testing
page 122

Coriolis force drives
aircraft rate sensor
page 130

Trends in consumer
electronics
page 136

Integrated-circuit technology holds out the
same promise for microwave circuits as it
does for lower-frequency circuits: smaller
size, lower cost, and higher reliability. But
microwave IC’s which are hybrids, differ
from other members of the IC family. An
example of this is the circuit shown on the
cover—a single-pole, multithrow S-band
switch now in the development stage. The
cover was photographed by Vincent Pollizzotto.

Electronics

No longer a theoretical device, the gyrator is now being used
in many applications to eliminate inductors in low-frequency
filters. Two basic procedures for designing gyrator filters
indicate how the engineer can use this unusual circuit.

Basic techniques for testing components in simulated radia-
tion environments are outlined. Among the areas covered:
the sources that best simulate different radiation environ-
ments, their location, and their use. Among the factors
considered: the problems posed by the different types of
radiation.

A vibrating metal beam rotated around its longitudinal axis
at a varying speed will experience a Coriolis force perpen-
dicular to the vibration plane. This force, when sensed by
piezoelectric sensors, can provide a measure of an aircraft’s
angular acceleration. This new rate sensor thus has no mov-
ing parts, and it costs less, lasts longer, and is more reliable
than conventional rate gyros and accelerometers.

Color-television receivers will outsell black-and-white sets
this year for the first time, but not principally because of any
major technical improvements in present or upcoming equip-
ment. However, set makers are working to improve color tun-
ing and picture quality, though black-and-white set designs
remain pretty much frozen. Portables will account for a high
percentage of this year’s color sales. Large-screen color tubes
are brighter than ever, and a single-gun color tube that re-
quires no convergence circuitry will make its debut this
summer,

Coming
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In the next issue, a way of producing real-time pictures of
microwave field patterns in full color will be described.
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Solid state

Microwave IC’s: part 1
New problems, but newer solutions

With the application of both thin- and thick-film methods in hybrid
fabrication, integrated circuits provide answers to the problems
of size, cost, and reliability raised by new microwave systems

By William J. Moroney

Microwave Associates Inc., Burlington, Mass.

Bearing little resemblance to its older, lower-fre-
quency cousins, the microwave integrated circuit
nevertheless still retains the IC family traits. Like
all IC’s, it holds out the promise of higher reliability,
greater functional versatility, smaller size, and
lower cost than conventional circuitry. The differ-
ences, however, stem from the job cut out for micro-
wave IC’s—handling frequencies ranging from 300
megahertz to the millimeter spectrum at 94 giga-
hertz.

Instead of the familiar chips of silicon encased in
TO metal cans, flatpacks, and dual-in-line plastic
cases, microwave IC’s are hybrid circuits on ceramic
substrates with lumped and distributed elements.

And because it’s distributed, a microwave IC is
larger than its monolithic cousins—typically, 2 by 2
inches compared with 50 by 50 mils. Size, though
important, is a secondary consideration in micro-
wave systems; greater importance is attached to
reliability, versatility, and over-all system costs.

Military and space systems, particularly radar
and communications, are currently the biggest out-
lets for microwave IC’s. But air and sea navigation—
including traffic control, guidance, and collision-
avoidance systems—plus closed-circuit television
hold out great potential for microwave-IC applica-
tions. And potential consumer applications range
from garage-door devices to cooking ovens.

The changing scene

The appearance of IC’s on the microwave scene
is part of the solid-state evolution. Microwave
engineers have been employing solid state devices
since 1958, when they replaced the tube devices
used for power generation and switching with
varactor-diode multipliers and p-i-n diodes. These
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devices were fabricated and encased in packages
that were capable of handling parasitic capaci-
tances and inductances but weren’t optimized for
microwave frequencies. To overcome the unwanted
parasitics stemming from the diode package’s ce-
ramic sleeve and metal prongs, engineers had to
build in neutralizing elements. The C’s of 0.2 to 0.75
picofarad and L’s of 0.1 to 1 nanohenry associated
with the 0.03-to-0.75-inch components were merely
designed around.

In the 1960’s, microwave transistors emerged to
challenge amplifying tubes. Also in use were solid
state sources, switches, limiters, parametric ampli-
fiers, and phase shifters. And semiconductor mak-
ers, to ease microwave design problems, began to
put these devices in coaxial structures and in strip-
line form.

Micrewave IC’s have come along within the last
two years. Most of the circuits developed thus far
employ distributed elements in which the total
electrical property is a function of the running
length. For circuits operating at 1 Ghz and higher,
distributed networks are preferred because the
lumped network becomes impractical. Lumped-ele-
ment lengths must be less than 1/16th of a wave-
length. As the wavelengths get shorter, lumped ele-
ments become too small to fabricate and the desired
electrical characteristics become extremely difficult
to obtain.

Lumped networks are generally smaller than the
distributed type. Lumped load resistors and bypass
capacitors—on stubs rather than in the transmission
line or in networks—are in X-band applications and
active chips have operated at 16 Ghz and even at
higher frequencies.

Flat transmission-line fabrication falls into two
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Variety of sizes and functions

41

Switch. An L-band single-pole, double-throw
switch handles 2 kilowatts peak power at

Circulator. This X-band, four-port circulator uses 20-mil 0.001 duty cycle. The alumina board
thick alumina and handles 500 watts peak with an 0.8 measures 2 by 2 inches and is 60 mils
db transmission loss and 0.4 db reception loss. The thick. Conductors are deposited on the
circuit provides 40 db isolation over a 25%, bandwidth. board by thick-film process. Signal input
Magnets are located below the ferrite disks, which are is through the center conductor and shunt
mounted in holes in the ceramic. The ceramic is 1 inch diodes direct the signal to one of the two
square. Thick-film techniques are used. output arms. Insertion loss is 0.5 db.

Phase shifter. A Ku-band, four-bit phase shifter, measuring only 0.220 by 1 inch, has two 20-mil alumina boards
mounted on a supporting plate—one board for the thick-film phase shifter, and the other for the thin-film driver
for the p-i-n diodes. The diodes are located at ends of various length impedance stubs, which act as transformers
to translate the diode reactance to achieve the desired phase shift. The power level is 100 watts peak.
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g
Microwave IC materials
ielectric Coefficient | Thermal Resistivity | Dielectric Coefficient Thermal
Dielectrics of expansion | conductivity | (ohm-cm) |constant Conductors of expansion | conductivity
(106 cm/ (cal/cm2/ (e) ( cm/ (cal/cm2/
cm/°C) sec/°C) cm/°C) sec/°C)
Alumina, 96% |6-9 0.04 1014 9 Copper 16 1.0
Beryllia ~6 0.50 1017 9 Kovar 4.5 0.04
Silicon, high re- Aluminum 25 0.5
sistivity ~2.5 0.37 108 11.8 Steel 11 0.1
Gallium arsenide, Gold 14 0.7
semi-insulating | ~6 0.10 106 12 Silver 19 0.1

basic categories—microstrip and stripline. The micro-
strip approach calls for a dielectric material with a
circuit pattern on one side and simple ground plane
on the other. Because the unbalanced line’s radia-
tions can interfere with energy propagation, this
approach had limited appeal when low dielectric
constant materials were used.

In the stripline approach, the circuit pattern is
sandwiched between two dielectric strips. Although
this approach doesn’t pose radiation problems, it is
difficult to use in microwave 1C’s.

Although there are several monolithic microwave
IC’s under development, none have thus far reached
the market. The diversity of devices required in a
microwave circuit—special-purpose diodes, transis-
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Lower loss. Because of alumina’s high resistivity, its
losses are low—Ilower than those in silicon. Curve ““a”
indicates the dielectric loss in 1,000 ohm-cm silicon,
10-mils thick; curve “‘b"" shows dielectric and conductor
losses for 5,000 ohm-cm silicon, 10 mils thick; “c” is
dielectric loss for 5,000 ohm-cm silicon, 10 mils thick.
Curve “‘d” represents dielectric and conductor loss in

alumina that is 20 mils thick.
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tors, passive elements, and the like—is still beyond
the capabilities of monolithic-1c technology.

Moreover, the cost of alumina ceramic material
is much less than that of the silicon and gallium
arsenide required in monolithics. Silicon is 10 times
more expensive and GaAs 100 times costlier. Even
when polishing costs are taken into account, the
processing of alumina costs less.

And with silicon there is the problem of resis-
tivity and losses. Since silicon’s resistivity can drop
to as low as 200 ohm-centimeters, its dielectric loss
can be quite high; the lower the resistivity, the
higher the loss. Because loss is a function of length
—2.5 decibels per centimeter for 200 ohm-cm silicon
—large-area circuits become impractical. GaAs
monolithics with resistivities of 106 ohm-cm are
feasible but thus far impractical. GaAs is still too
costly and the devices are still imperfect. Transis-
tor and p-i-n-diode structures, for example, have
been plagued with short carrier lifetimes.

Monolithics can be used in preference to hybrids in
applications in which the frequencies are below 500
Mhz or above 14 Ghz, Below 500 Ghz, lumped com-
ponents are practical and thus the dielectric loss will
be low. Above 14 Ghz, in the millimeter range, the
line lengths will be so short that line losses will be
low even though a distributed-parameter approach
is taken.

Through thick and thin

Despite the development effort going into mono-
lithics, it perhaps is no greater than the effort going
into film hybrids. The big difference is that the re-
sults have been far more fruitful in both thin- and
thick-film circuits than with monolithics.

In the thin-film process, composite metals—
chrome and gold—are vacuum-evaporated in layers
only 500 angstroms thick. In the thick-film process,
silver or gold mixtures are fired at high tempera-
tures onto a ceramic substrate. The thick-film ap-
proach is one of etching, rather than the printing
associated with lower-frequency film circuits. The
metal is deposited over the complete circuit and the
desired pattern is defined by etching away the un-
wanted portions. Definition is better and losses
lower than with the printed method, where the
metal solution is squeezed through a pattern onto
a fine mesh.

In both thin- and thick-film processes, the metal
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conductor’s final form is typically 0.5-1 mil thick be-
cause of plating in a liquid bath.

Compared with the thin-film process, the thick-
film method has a slightly faster turnaround time,
requires less costly equipment, and yields capaci-
tors with higher breakdown voltages (1,000 volts
against 150 volts for thin films). But thin-film ele-
ments have the edge in uniformity, precision, and
density. Moreover, they are far more adaptable to
handle frequencies above Ku band then thick-film
elements are,

Since circuit designs are made photographically
with both methods, resolution is high, And conductor
losses are about the same for both.

Variations in microstrip

In the typical microwave 1c microstrip design,
the ceramic has a dual role: substrate for the con-
ductor lines and devices, and transmission line for
the circuit. In a few cases, the ceramic serves
merely as a substrate for the printed circuit and the
components, Here, the ceramic is inserted into an
air cavity that functions as a transverse-electromag-
netic-wave (TEM ) balanced stripline. Since air is the
dielectric, this design exhibits lower losses than
the ceramic dielectric circuit. The ceramic-air com-
bination has been used in L- and S-band amplifiers.

For the most part, however, alumina is the most
widely used dielectric in microwave 1C’s. The alu-
mina, Al,O3, has a dielectric constant of e=9 and
confines the field lines in the ceramic material with
a minimum of radiation. Compared with glass,
beryllia, and titanium dioxide—all used as dielec-
trics—alumina has the best over-all properties: low
dielectric loss, high dielectric constant, little varia-
tion in electrical parameters with temperature
change, and good stability with time.

When resolution is critical, sapphire (single crys-
tal alumina) is used instead of 96% alumina, Sap-
phire has a much smoother finish (1-4 microns) than
the alumina (5-10 microns).

Although beryllia’s heat conductivity is about an
order of magnitude higher than that of alumina, its
dielectric constant is lower, and is more difficult to
process. Glass costs less than alumina, but has a much
lower dielectric constant and is more prone to chip-

ping.

SEMICONDUCTOR
DEVICE DESIGN
AND FABRICATION

COMPUTER AIDED
CIRCUIT DESIGN

MECHANICAL
PACKAGING

MICROSTRIP
MICROSTRIP

DESIGN DATA FABRICATION
PROCESS

Inputs. What it takes to make an IC.
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Transmission modes. Propagation of electromagnetic
energy assumes distinct field patterns. Transverse electric
mode is shown for waveguide structure, and transverse
electromagnetic modes for coaxial configuration, and

IC microstrip.

Titanium dioxide, on the other hand, has a higher
dielectric constant than alumina. But titanium is
more expensive, less uniform, and harder to process.
A material 99% alumina has a smoother surface
than the 96% type, therefore having lower conduc-
tor losses and permitting easier processing. But
99% alumina lacks the filler that gives thick-film bond-
ing strength to 96% alumina.

Microwave engineers have found 1014 ohm-cm
alumina best serves their needs and purposes. Di-
electric losses are so low that conductor loss is
greater in the microstrip—a situation far easier to
live with because the loss is easily controlled.

With a typcial ceramic size of about 2 by 2 inches,
the thickness is usually between 20 and 60 mils.
The substrate’s thickness affects both conductor
loss and packing density—the thicker the ceramic,
the lower the conductor loss and the lower the dens-
ity. But a low packing density means that the over-
all circuit size will be large.

In laying out microstrip conductors, microwave
designers often use meandering lines. To minimize
interference between these lines—such as unwanted
couplings—a distance of twice the ceramic’s thick-
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Bringing an X-band receiver down to size

AFC COUPLER AFC ATTEN. PAD AFC MIXER AFC I-F PREAMP AFC T-F QUTPUT

R

AFC >
INBUT ==

FOUR-PORT ' 8 » P Poeenmme | 74
CIRCULATOR ‘s A 3 o L- BAND
E : AT : o8 & i OSCILLATOR

:

T0
ANTENNA <—3

L I-F OUTPUT
POWER SPLITTER LIMITER G f SIGNAL I-F PREAMP 6-TIMES MULTIPLIER

A X-band receiver in IC form.
IC receiver compared with waveguide receiver.¥
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CIRCUIT ASSEMBLY
ON MOUNTING CARRIER

DC CONNECTOR
(HERMETIC SEAL

/ HOUSING

MICROWAVE CONNECTIONS (HERMETIC SEAL)

Entire IC package.

AFC
COUPLER

T0
ANTENNA

SIGNAL
I-F
PREAMP

AFC SIGNAL
I-F QUTPUT I-F OUTPUT

Functional arrangement.

Space saver. Measuring only 2 by 3 inches on a 20-mil
substrate, microwave IC receiver is only a fraction

of the size of a conventional waveguide receiver but
does the same job. Designed for X-band frequencies,
the IC uses a six-times multiplier to convert the
L-band oscillator's output to the required frequency
range. The circuit includes a signal i-f preamplifier.
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ness is maintained between conducting paths. Thus,
the thicker the ceramic, the greater this isolation
spacing, and the larger the total circuit area needs.

Thickness has little effect on guide wavelength,
which is a function of both the dielectric constant
and the impedance level; for the 96% alumina the
wavelength is 40% that of air.

Building the circuit

Starting with the slab of ceramic as the dielectric
transmission line operating in the TEM mode, the
engineer employs photolithographic techniques and
either thick- or thin-film processing to deposit con-
ductors on the substrate. Active chip devices—tran-
sistors, diodes, and monolithic circuits—are then
attached by either parallel gap welding, ultrasonic
bonding, or thermocompression bonding. Most of
the interconnections between the elements are pro-
vided by the passive network, which includes con-
nector paths. What few that remain are made by
parallel gap or ultrasonic welding. The subassembly
is then bolted into either a brass, steel, aluminum,
or Kovar box. Radio-frequency and d-c connectors
are affixed, and a cover is welded on.

For IC packages with a diameter of more than 1
inch, heliarc welding—the joining of metals by the
localized melting produced by a high-voltage arc—
is often employed, particularly on steel and Kovar.
When aluminum is the metal, heliarc welding can
be used, but soldering is more common.

For smaller packages, projection-type welding
is used.

Today and tomorrow

Engineers have successfully achieved a number
of microwave functions in IC form. And the list con-
tinues to grow. Thus far, it includes amplifiers, mix-
ers, harmonic generators, filters, switches, phase
shifters, ferrite circulators, couplers, limiters, local
oscillator multipliers, combination transmit-receive
switches, frequency triplers and quadruplers, im-
pedance matching networks, antennas, p-i-n de-
vices, and transistors.

Interdigitated transistors, for example, are being
built that provide an output of up to 2 watts at 2
Ghz, and there are oscillators with an output of 500
milliwatts at 10 Ghz. Moreover, p-i-n IC devices are
already capable of switching speeds of 10 nanosec-
onds at 5 Ghz.

In many instances, IC techniques have not been
able to match the higher power levels of the
coaxial and waveguide structures. This has been the
case with uhf circuits handling 50-kilowatt peak
power at 300 Mhz, and with S- and L-band circuits
handling tens of kilowatts peak at 390 Mhz to 5.2
Ghz. Conventional means have proved necessary to
handle high current density.

Augmenting both the standard microwave hard-
ware and microwave IC’s is a class of small circuits
that can best be described as microminiature de-
vices. These circuits are usually made up of lumped
elements and do not have a large number of differ-
ent components. Instead of ceramic or conventional
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transmission lines, these circuits have air lines.

For example, consider a switch requiring six di-
odes. Shunt-diode chips are mounted on a metal
ground plane and interconnections are made. Be-
cause of the lumped-circuit design, there is no need
for a loaded transmission line with its fabrication
difficulties.

Another example is a simple single-pole, double-
throw switch consisting of two series diodes and
two shunt diodes. These may be mounted directly
on a ceramic chip that serves as a support and not
as a transmission line. Moreover, the multidiode
chip itself may eventually be placed on a larger mi-
crostrip structure as part of a complex hybrid micro-
wave assembly.

At the moment, engineers still haven’t reached
two major goals with microwave IC’s: high-Q cir-
cuits and high-power networks.

Because of conductor losses in microstrip, a typ-
ical Q will be 200 in a 50-ohm system. Some engi-
neers believe, however, that the path to high Q’s
is with resistance-capacitance networks and sophis-
ticated transistor-element feedback arrangements—
a combination that lends itself to IC fabrication.

Average powers of 500 watts and pulsed powers
of 5 kw are yet to be achieved. Heat dissipation has
proved too excessive for center conductors of the
microstrip line, or power losses too high—or both.
Engineers are now considering other materials for
thermal conduction—including beryllia—and paral-
leled stages for power sharing.

Microstrip guide

Before an engineer can design a hybrid micro-
wave IC, he must determine the microstrip’s char-
acteristics and the dielectric’s performance. The lat-
ter is based on the guide wavelength and its
dependence on impedance, the impedance of var-
ious line widths for different ceramic thicknesses,
and loss as a function of frequency and of thickness.
Once the characteristics and performance are cal-
culated, the engineer can then take the following
into consideration:

= Operating frequency. Circuit length and width
should be held to less than half the wavelength of
operating frequency to minimize unwanted radia-
tion. Generally, 25-t0-30-db isolation between ele-
ments is maximum. For the same reason, open stubs
and impedance mismatches result in radiation. And
in circuits having long paths, holes in the ceramic
Serve as Suppressors.

= Device type. The nature of the circuit—switch,
amplifier, harmonic generator, or oscillator—dic-
tates the isolation needed. For switches, the isola-
tion must be 50 to 60 db; for amplifiers, 20-30 db;
generators, 30 db; oscillators, 25-30 db. Shunt-
mounted elements are preferred for dissipated con-
tinuous-wave powers in excess of 1 watt. A ground
plane could also be formed along the edge of the
ceramic to serve as a thermal conductor. An addi-
tional chip substrate, mounted in a hole in the
alumina, such as beryllia or some other good ther-
mal conductor, can be used for a good thermal heat
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sink in the circuit.

» Ceramic thickness. The thickness is generally
determined by trading off size and loss. High-im-
pedance lines—100 ohms or more—should be fab-
ricated on thick ceramic (60 mils) to lessen fringing
capacitance and losses. Over-all size is determined
by the number of devices, the number of intercon-
nections, and the relation to neighboring micro-
wave sections. When individual circuits and circuit
sections are all mounted on a single ceramic, only
a single center conductor interconnection is re-
quired for coupling to the next ceramic board.

= Layout. Circuit arrangement depends primarily
on the number, size, and form of the device parts.
Since many devices are available in different pack-
age styles, designers should consider those best
suited to proper bonding and the space limitations
of the system.

= Ceramic mounting. The mounting of the ce-
ramic circuit to a box or carrier is largely a function
of operating frequency. For high frequencies—L
band and up—close contact between ground plane
and support is needed to hold the voltage standing-
wave ratio to 1.2 or less. This can be achieved by
either pinning the board to the carrier with eyelets
or inserting spring contacts between the box and
the ground plane. For lower frequencies, vswr’s of
1.5 are obtained as long as the entire structure is
rigidly mounted.

= Temperature range. Subjecting the circuit to its
full operating temperature range requires compen-
sation for part movement. Either the ceramic’s
coefficient of expansion should match that of its
mounting carrier, or allowance should be made for
this. Because copper ground planes allow high
power and the copper-ceramic thermal match is
relatively poor, movement allowances should be
based on the following relationship: for a tempera-
ture change of 100°C, there will be a 1-mil shift per
linear inch for an alumina-on-copper mount.

» Packaging. The support box or carrier should be
of aluminum if weight is the governing factor; if
weight isn’t critical, the support could be either
steel or Kovar. Aluminum poses difficulties in her-
metic sealing and connector-lid joining, and often
requires special surface treatment and soldering
fluxes. Kovar’s and alumina’s coefficients of expan-
sion are a good match. Connections to the ground
plane should be made at many points.

Consider a receiver front end for an X-band radar
as a typical example of the integrated approach.

The receiver consists of a duplexer, a mixer, and
a local oscillator, all of which are integrated mod-
ules. The duplexer assembly includes a coupler net-
work, a four-port ferrite circulator, and a diode
limiter. In the mixer module is a signal mixer, an
intermediate-frequency preamplifier, a power di-
vider, and an automatic-frequency-control mixer.
The oscillator portion contains an L-band transistor
oscillator, a six-times multiplier, and a three-stage
filter. The total system, each module, and a compari-
son of the IC approach with its waveguide equiva-
lent are shown on page 102.
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Film strips for resistors and capacitors

CERAMIC CERAMIC

— S 0000

CERAMIC

1

ALUMINUM DEPOSITED

.

CAPACITOR PLATE IS ADDED TO CERAMIC

DEPOSIT LAYER OF NICHROME OR
TANTALUM

|

DEPOSIT THIN LAYER OF GOLD

TANTALUM SPUTTERED AND DEFINED
PHOTOGRAPHICALLY

.

TANTALUM SELECTIVELY OXIDIZED

BaTiO3 DIELECTRIC GLASS ADDED

|

CAPACITOR PLATE ADDED

el

CHROME—-GOLD AND GOLD PLATED
SELECTIVELY PLATED FOR TOP
ELECTRODE AND CONTACT

PHOTO RESIST PATTERN AND PLATE

1

STRIP PHOTO RESIST AND THIN GOLD
LAYER

OVERLAY OF PROTECTIVE GLASS

Forming passive elements in
thin-film approach is done with
tantalum layer. Thin layer of
sputtered tantalum applied before
chrome and then selectively
contacted acts as a resistor.
Oxidization of tantalum gives a
dielectric, which can form a

capacitor element. devices.

Capacitors in thick-film process are
formed by application of high
dielectric constant barium-titanate
glass, firing, and applying top
electrode. Protection is rendered by
cover glass coating, which is also
fired. Gold plating is subsequently
applied to accommodate chip

Resistors in thin-film method may
be of nichrome or tantalum. An
809% nickel—209% chrome layer
is deposited; with tantalum, layer
is formed by sputtering. In both
cases, gold layer is deposited,
plated, then stripped to form
selective contacts.

Specifications include a 10-db noise figure, a 5%
bandwidth, a 500-watt peak power input, a 100-
Mhz tuning range, a 2.5-watt d-c input, and a 2-by-
3-inch over-all receiver size.

The substrate will be 20 mils thick, and each cir-
cuit will be made on a separate ceramic chip. The
oscillator circuit’s transistor must handle 1.5 watts
dissipation and must be mounted to a copper heat
sink either through the ceramic or to the box wall.
Since the diode multiplier handles only 200 mw;, it
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can be a series element mounted directly onto the
ceramic. Because output power of the three-stage
filter is only 25 mw, the device requires no special
mounting consideration.

The mixer employs Schottky-barrier diodes and
has a noise figure of 7.5 db.

The ferrite circulator can be fabricated in micro-
strip form, with the ferrite used as the transmission
medium. The reason: it has a high dielectric con-
stant and need only be metalized in those areas that
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Depositing thick and thin films

CERAMIC

METALIZE WITH SILVER SOLUTION AND FIRE

MASK AND DEFINE CIRCUIT

PLATE CIRCUIT

INSERT CHIP DEVICE

Film making: Starting marterial can
be either a 96% alumina, with 4%
glass binder or 1009 single-
crystal sapphire; thickness of the
substrate is usually 20-60 mils.

In the thick-film etched process
(left), the substrate is polished to
a 5-10-microinch finish and coated
with silver or gold metal about 0.5
mil thick. Composite is fired at
850°C to bond the metal to the
substrate. Photoresist is then
applied and circuit is defined by
mask and exposed. Unprotected
metal is etched off. Gold plating
via a liquid-plating bath completes
the passive formation.

In thin-film process (right) a layer
of chrome, about 500 angstroms
thick, bonds conductive lines to
dielectric substrate. A layer of
chrome and gold can be evaporated
or sputtered on. Circuit is photo-
graphically defined. Gold is then
plated in the conductive circuit
path to a thickness of 0.3-1 mil.
Then resist and chrome-gold layer
are stripped, and active devices are
bonded to conductive lines.

CERAMIC

METALIZE WITH THIN LAYER OF
CHROME-GOLD (EVAPORATION)

PHOTO RESIST AND GOLD PLATE

STRIP RESIST AND. CHROME-GOLD LAYER

INSERT CHIP DEVICE

must be active. Round sections of ferrite are simply
placed in holes in the ceramic board as an alterna-
tive to all-ferrite microstrip. A third approach, fer-
rite disks on top of the ceramic, is favored when
mounting holes can’t be drilled. But this requires
an extra bonding step.

Regardless of which approach is taken, provision
must be made for the magnet elements that are
used to energize the ferrites. As a rule, the magnets
are located beneath the ferrite to allow ease in
fabrication.

The circulator provides 30 db of isolation be-
tween transmitter and receiver, and has 0.8 db of
loss. Included in the circulator module are the 50-
ohm, 2-watt resistors used for load termination,

The limiter is employed to keep power input to
the mixers below 100 mw, the safe level for the
Schottky diodes. P-i-n diodes provide the limiting
action; high-level signal bias serves to produce line
shorts, thereby reflecting excess power.

A stub-limiter design in which the diodes are
mounted at the end of a half-wavelength stub, with
two of them a quarter-wavelength apart, is used be-
cause the receiver has a relatively narrow band. The
limiter diode has a zero-bias punch-through char-
acteristic, which maintains a low loss during small
incident-signal conditions.

Isolation for the afc portion is provided by a 60-
db coupler. Ordinarily, 30-db isolation is the maxi-
mum obtainable in microstrip because of radiation
and cross-coupling limitations. But in this case, a
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standard 30-db coupler is combined in series with
an external 30-db resistor.

The 150-Mhz i-f preamplifier is mounted directly
on a separate ceramic board for convenience, and so
is its d-c bias circuitry and the biasing circuits for
other portions.

Capacitor needs of the entire receiver can be met
either by thick-film techniques or chips or a combi-
nation. In the film approach, the capacitors are
printed at the same time as the conductor circuit,
thus minimizing the number of bonds. Chips—such
as barium titanate capacitors, aluminum, or silicon-
dioxide aluminum types—are used when film tech-
niques cannot yield the desired values.

Enter CAD

One development that will ease the design bur-
den and lower manufacturing costs is the use of
computer-aided design techniques for generating
microwave IC’s. There already is a storehouse of
information on microwave materials and devices,
where characteristics, geometry, and their inter-
actions are known, controllable, and predictable.
Also, there are many common factors, such as im-
pedance levels, switching and amplifying require-
ments, and circuit arrangements.

Eventually, much of the engineer’s input in a
design will boil down to simply a functional speci-
fication that will lead to a metalization pattern,
just as it has been predicted for digital engineers
working with large-scale integrated components.
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Circuit design

Designer’s casebook

FET voltmeter
reads transients

By Graham R. Phillips

Century Electric Co., St. Louis

High-voltage transients generated by inductive
switching are difficult to measure and detect be-
cause of their narrow pulse width. Since there isn’t
enough energy in the transient to deflect the moving
coil in a voltmeter, engineers often spend long hours
scanning an oscilloscope in hopes of seeing and
perhaps measuring the transistor-destroying spikes.
But a circuit that accurately divides the spike volt-
age and then increases the power content of the re-
sulting low voltage can eliminate this tiresome
watching,

Spikes appearing at the input, regardless of their
polarity, are rectified by the bridge circuit and re-
duced by the Ry, Ro, Ry, and Ry divider. A 600-volt
spike coupled into the 1,000-volt input appears as
3 volts across the resistor Ry; at this input the string
of resistors divides by 200.

The 3 volts on Ry drives Q; into saturation and
causes C; to charge through R; until its voltage is
equal to Q;’s base voltage. Although C; is a small
capacitor, it accumulates enough charge to hold Q.
in saturation for the time it takes C, to charge
through Rg. Because it is, like Q,, an emitter-fol-
lower circuit, Q. tries to establish a voltage on C.
equal to its base voltage. The resulting charge on
C, is a hefty one capable of holding the field effect
transistor, Qs, in conduction for an indefinite amount
of time.

Gating on the FET produces a source voltage of
about 1 volt. Current is then drawn through poten-
tiometer R; and the micrometer, causing a deflec-

10k C2
0.5p

f-J

HOLD.
10M 100

DELAY O RESET
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tion of the microammeter’s needle. The needle re-
mains deflected as long as switch S, is in the hold
position. A fast or slow return of the needle to zero
is achieved by switching to either the reset or decay
positions.

Potentiometers R; and Ry are used in calibrating
the circuit. When there’s no voltage across Rz, Rs
is adjusted so that its voltage at the wiper point is
equal to Qj’s source voltage. No current flows

through the microammeter and its needle is unde-
flected. If 5 volts is placed across Ry—correspond-
ing to an input of 1,000 volts—an adjustment is
made in R; so that the microammeter reads full
scale.

Capacitor C; was added to the circuit because
the current demand when Q; and Q. are switching
cannot be supplied by the 9-volt battery acting
alone.

Boosting op-amp output
with two transistors

By Arthur Freilich

North Atlantic Industries Inc., Plainview, N.Y.

Low-voltage operational amplifiers with good gain,
stability and input impedance characteristics can
deliver high output voltages if they get an assist
from an auxiliary circuit consisting of two transis-
tors and a zener diode. The zener diode protects
the fragile low voltage output circuit of the op amp
from the high voltages in the auxiliary circuit. The
two transistors comprise a cascade of emitter fol-
lower amplifiers that boost the output voltage.
When no signal is present at the input, there’s no
voltage at the point common to the output of the
operational amplifier and consequently the cathode

+15vd-c
i

=
ANALoc\

DEVICE
MODEL 108

weut L

SIGNAL

2

—{5vd-c

of zener diode D; is at zero volts. The zener is in
avalanche breakdown and its anode is therefore
at —22 volts. To maintain this level, the —30 volt
supply draws enough current through Ry to cause
an 8-volt drop across that resistor.

This drop, appearing across the base-emitter
junction of transistor Q,, biases the transistor into
conduction. At this bias point, current through the
transistor and resistors R; and R is 1.2 milliam-
peres, a current that causes a 49.5-volt drop across
R;, thus placing Qs collector at 0.5 volt. The 0.5
volt is also the voltage at the base of Q..

Since Q. is connected in an emitter-follower con-
figuration, its emitter voltage tends to be the same
as its base voltage. The base-emitter junction of Q.
has a 0.5 volt drop when it is in conduction thus
making the emitter voltage zero.

Since no current flows through R;, R. and R;
when there’s no output voltage, the ground poten-
tial at the junction of R, and R. is coupled back into
the operational amplifier as feedback. Since the two

BOOSTER STAGE

—30vd-c
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inputs are at ground potential, there’s no voltage
at the output of the operational amplifier and the
circuit is locked into this mode of operation.

If, for example, a positive pulse with a peak value
of 4.56 volts is injected at the input, a negative 2.8
volts appears at the op amp’s output. This voltage
and the zener’s 22-volt breakdown cause the zener’s
anode to swing to —24.8 volts; the potential drop
across Ry is then —5.2 volts. At this bias point the
current flow through Q; and resistors R; and Rg is 1
milliampere, the resulting drop across R; is 33.5
volts, and the collector of Q; therefore sits at 16.5
volts. Since this is also the base voltage of the emit-
ter follower, Q., it eventually ends up on Q:’s
emitter minus the 0.5-volt drop of Q-’s base-emitter
junction. The 16-volt output of the circuit, because
of the 12-kilohm emitter resistor, readily matches
low-impedance inputs.

With potentiometer R set for a value of 25 kil-
ohms, the output voltage is divided by 3.5 in the
Ry, Rs, and R; divider. From the junction of R; and
R, a feedback of 4.56 volts is coupled to one of the
inputs of the operational amplifier. The near-equal-
ity of the two inputs stabilizes the circuit. The two
inputs are, however, slightly different, and this dif-
ference is amplified by the operational amplifier. The
gain in the amplifier is 120 db, so the 2.8-volt output
of the operational amplifier is caused by a 28-micro-
volt difference between the inputs.

The equation relating feedback voltage to output
voltage is:

Vi =V, R: + Ry)
(R1 + Rz + Ry)

where V, = output voltage
V: = feedback voltage
Ry, Rs, R = resistors in feedback divider.

Thus, an increase in the value of Rj increases the
feedback voltage. Adjustment of R; should be made
carefully so that the two inputs of the operational
amplifier are as equal as possible.

The limitation on the output voltage’s magnitude
is the saturation point in Q; and Q.. With a nega-
tive input pulse, the highest output is —20 volts.
And the positive voltage can never be greater than
-1-45 volts whatever the magnitude of the input
pulse. As the output stage of a circuit that converts
a change in phase angle to a d-c voltage, this op-
amp circuit presented a 360° phase advance as 436
volts on the emitter of Q.; a —20 volt level at that
point indicated a phase lag of 200°.

Phase angle changes as small as 0.01% can be
measured by the circuit if operational amplifiers
with tight specifications are used. Amplifiers whose
specifications do not change by more than 0.1%
are now available for $28.

Zener simulates
muscle signals

By William Paisner, Daniel Antonelli,
and Worden Waring

Rancho Los Amigos Hospital, Downey, Calif.

Small electrical signals that are generated during
the flexing of a human muscle smoothly and pre-
cisely control the servomechanisms in artificial
limbs. During development of the amplifiers for
these signals it was found convenient to have a per-
manent source of muscle signal. Fortunately, a
zener diode biased into breakdown generates a
broad spectrum of noise that will simulate a muscle
signal. The zener’s noise must be amplified and fil-
tered, but the 1-kilohertz bandwidth of noise that re-
sults contains all the frequencies generated in a
flexed muscle.

The IN759 is a zener diode whose breakdown
point is 10 volts. Consequently, the supply voltage

on the other side of the current-limiting register Ry
biases the diode into breakdown. All the noise gen-
erated by the diode is amplified by Q,—the supply’s
12 volts are biased out—and fed into the filter con-
sisting of C;, Cs, and L;. None of the frequencies
above 1 khz get through this low-pass filter. The
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random selection of frequencies below 1 khz that
do get through are the same, for all practical pur-
poses, as those that appear in a signal generated by
a muscle during normal flexing.

The amplitudes of the different signals in the fil-
ter are varied by adjusting potentiometer R; and
switching Ry, R;, and R; in and out of the circuit
with S;. To prevent these resistors from hurting the
flter’s frequency response, resistor R, is connected
between them and the filter. The voltage divider,
consisting of R and the attenuating resistors, makes
the impedance the filter sees almost constant, de-
spite adjustments in R; and S;.

After being coupled through Cj, the signal goes
through a constant-current differential amplifier.
This type of amplifier, which has a transistor in the
emitter circuit, is used because its high impedance
doesn’t load down the low-power muscle signal.
The frequency response of the differential amplifier

IMPEDANCE MATCHING

47.5k 102k < 274k

2N2862

is minus 3 db at 41 and 350 hertz. Most of the high-
amplitude signals generated by a muscle are within
this band.

Because phase reversal takes place in the differ-
ential amplifier, the two output signals E; and E,
are out of phase with each other; these two signals
simulate those usually picked up from muscles.
Each signal is fed into an input of a differential am-
plifier in the front end of the electronic apparatus of
the artificial limb.

The switches S; and S in the collectors of Q, and
Qs, respectively, change the output impedances of
the transistors and consequently the impedance that
the signal presents. This simulates the differences in
the impedance imposed upon the muscle signal by
the skin surrounding the muscle. Resistors that vary
from 47.5 kilohms to 1.02 megohms are used to ac-
commodate all possible changes in the impedance
imposed by the skin.

IMPEDANCE MATCHING

1.02M$ 274k < 102k 475k
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1 OZ.

2 PDT

2 AMPS

TIME DEI.AY 50ms to 100 sec

CrystalCanConfiguration

The HI-G
Electronics
Line Includes:

The new 2400 series Hi-G Time Delay Relays combines solid state timing circuits
with dependable half-size electro-mechanical relays.

Results? Small size (.4” x .8” x 1.5”). Light weight (1 oz. typical). High current
carrying capacity and the rugged performance of a Hi-G electro-mechani-

Fixed and Adjustable cal relay. Long life and fast response of a hybrid circuit.

Time Delays — Up to 300
seconds delay. Contact
ratings up to 10 amps. Spe-
cial variations available to
accomplish delay-on-break
and interval timing.

The Hi-G 2400 series operates in the range of 18 to 31 volts, needs no
regulated input voltages and requires no external resistance or capac-
itance to obtain the maximum timing limit.

SPECIFICATIONS:
Delay Times: 50 milliseconds to 100 seconds on ‘“make’’.

Delay Time Tolerance: = 10%o; (5%0 on special request).
Contact Rating: 2 amperes standard at 30 volts DC resistive.
Temperature Range: —55°C to +85°C. Specials to 125°C.

Vibration: 20G'’s, 10 to 2000 Hz.
Shock: 50G's, 11 %= 1 milliseconds duration.

Solid State Timing Modules —
Solid state reliability offers flexi-
bility in choice of secondary switch-
ing capability.

Voltage Sensors — DC and AC level
sensing provides precise switching
logic over the temperature range of —65
to 125°C. Interface with transducers to
sense heat, light and pressure.

Call, write, or check the reader service number for more
information. Ask for Product Bulletin 167A and a quota-
tion. If you want application engineering assistance, an
experienced Hi-G representative awaits your call.
Tel: 203-623-2481.

Phase Sequence Relays — To protect phase
sensitive loads against phase reversal, open
to grounded phase.

SPRING STREET & ROUTE 75 /| WINDSOR LOCKS, CONNECTICUT 06096

INCORPORATED
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Design theory

Active filters: part 2

Using the gyrator

Gyrators can overcome sensitivity problems in active filters.
Here’s an in-depth look at the theory of operation

and principles of such inductorless circuits

By Louis de Pian
George Washington University, Washington

Thanks to the gyrator, engineers now have a new
building device for making inductorless filters. Such
filters don’t suffer from the low-frequency bulkiness
of an inductor and aren’t limited to Q’s of 100.

The gyrator is a nonreciprocal two-port network
whose input impedance is proportional to its load
admittance. Thus, the gyrator produces the elec-
trical characteristics of an inductor when a capac-
itor is connected as its load. Moreover, the gyrator
neither adds nor consumes signal energy in a cir-
cuit; thus, it behaves as a lossless passive network
even though it may contain active elements. In this
respect, the gyrator by itself can never be un-
stable.

Since capacitors have a higher quality factor and
lower dissipation than inductors, the inductor effect
that the gyrator produces with a capacitive load is
usually a better inductor than the discrete types
that are readily available.

Gyrator circuits can be used to make unnecessary
the inductors found in many passive filter configura-
tions. Several basic elements of inductor filters and
their gyrator replacements are tabulated for handy
design reference on page 116. Some examples of
practical designs are as follows.

Design method 1

The most direct way to design active filters with
a gyrator is to first design the passive filter with
inductors and capacitors. Then replace all the in-
ductors with gyrators and capacitors. As an ex-
ample, suppose that the desired transfer function
is for a second-order low-pass filter having a damp-
ing ratio ¢ and a corner frequency .. Let the d-c
gain be unity and the open-circuit voltage transfer
function be
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Vout o

Via 8 + 2Ewo 8 + wo?

The filter is first designed as an LC filter loaded
with a resistance, Ry, across the capacitor. The volt-
age-transfer function for this circuit, expressed in
terms of the forward and output admittance parame-
ters yi2 and yao, is given by

F(s) =

Wo
F = —Reyn _ 2&s
1+ Ry yx 1+Sz+w02
28 wo 8
Thus,
£ poa s it
&= T Dfes - 1s
et s Aous (A
i = 2ERL Wo 8 iz 2£R1:, Wo 2£RL 8 —CS+ Ls
where
_ 2tR. £ 1
e o S 2tR 1, wo

Finding this RLC filter in the table, the designer can
then find its gyrator replacement. The results ap-
pear at the bottom of page 117. This equivalent
circuit uses two gyrators, a load resistance whose
value is Ry, in parallel with a capacitor of value C,
and another capacitor whose value is numerically
equal to L/R;2

The only impedance parameter needed to de-
scribe a gyrator is its gyration resistance, R;. The
input impedance to the gyrator is equal to the prod-
uct of the load admittance, Yy, and R,2 By defini-
tion, R, is equal to the transfer impedances z;2 and
—Zg1, since z;; and z» are zero. Since Rg; may drift
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in operations, the designer must have a measure of
its effect on the over-all stability of the filter. To
investigate the stability of this filter as the gyrator
parameters vary, substitute R for R; in the gyrator
filter’s voltage-transfer equation. This has the effect
of changing the inductance of the LC filter into

2(R1 Rs*

Dok ket

L=

2

If % is assumed equal to a?, the transfer function
4

becomes

F(s) =

1 Wo?

L 11 = o 8428w, o stwe?
Ry

LC 82+

the d-c gain remains unity but the corner frequency
and damping ratio change to

o= on (B

and
& = ta?

Thus, if the gyration resistance is increased by 10%,
the corner frequency oy and the damping ratio &
vary 9% and 20%, respectively. Although it is easy
to design an active filter using this technique, the
design has disadvantages—it requires two gyrators
and has poor stability. Its main advantage is that
the design is quite simple and can use existing LC
filters as its basis.

Design method 2

A second approach to designing gyrator filters
for the same active filter begins with a circuit in
which a single gyrator is flanked by two RC net-
works. Both RC networks are represented as two-
port networks—the left network by y-admittance
parameters and the right one by z-impedance pa-
rameters. Such a configuration has the following
open-circuit voltage transfer function:

(1) (2)

20—

222

Y12

Cascaded networks. In this active-filter design,
a single gyrator is cascaded with two RC networks, one
defined by y parameters, the other by z parameters.

networks, given F. This technique offers superior
stability of corner frequency or damping ratio, since
the method is based on good stability of the poles
of the transfer functions. The design requires only
one gyrator. However, the d-c gain does vary.

Here is the procedure:

Step 1. Divide both N and D by an arbitrary poly-
nomial Q such that

FoN/Q _ _Reynm
D/Q zun + R y

Step 2. Decompose D/Q into the form z;; -+
R;2ys0. Thus, with Q = Q;Qx,

Dis s gy Dalie By DO,

Q Q. £ Q Q1 Q:

Step 3. Equate the result of step 2 to z11 -+ Rgyee
Thus

D, Dy
AR L

Therefore, the denominator polynomial D can be
expressed in terms of Q; and Q.

D=D2Q1+Rg2D1Q2

It is assumed that D2/ Q> is a possible RC impedance
and D;/Q; is a possible RC admittance. To achieve
this decomposition, the designer can use the tech-

_ N _ _  Reyn(s) z(s) nique proposed by Calahan.! It provides a minimum
F(s) ¥
D(s) z1(8) + Rg? yao(s) sensitivity of the zeros of D to variations of the
The object of the design is to find the proper RC Continusd g page 116
KoK4

MV ; MN A4 ¢

R @b J_ gt 1 et

KoKz b Kokp 1 KoKz T KoKy (a-b] b

Rg? (o-b) .

2
2
R1=(1+n)

V1-§2 { n3 Ko 1

o R3= K =
3 Ko E-LVA-EZT TV (r4a?)t 0 Cis e Re2wy VA-€2
c
| ;  U+nd)  Rg? Fh R !
2 Y AT TN ol Beiry e 4
n2 4~ n 0 E'[_ 1_62 2 Kowo,/1_£2

Active-filter design. Starting with a single gyrator flanked by two RC networks, the designer assumes
the left one to be a T network. By synthesizing the over-all transfer function, he finds that the
right network can be a series-parallel RC circuit. Values for all elements are shown on the drawing.
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Basic gyrator principles

DESIRED NETWORK

GYRATOR EQUIVALENT

ELEMENT VALUES

—
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DESIRED NETWORK

GYRATOR EQUIVALENT

ELEMENT VALUES
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active network parameter R,. The decomposition
has the following form:

i=1

D = Ki[1 (s +a)* + K [1 (5 + b’
where D is the given denominator of the form

m
15 = _l_ll(S—i-Si) (s + 8:%)
fos
K;, Ko, a;, and b; are constants that the designer
must determine, and s;* is the conjugate of s;.
Since the degree of the polynomial D is assumed
to be 2m, it requires 2m - 1 coefficients to describe
it, and has 2m 4 2 unknowns to evaluate. Thus,
there are an infinite number of decompositions for
D that each provide the same minimum sensitivity.
Equating the decomposed terms with the Q ex-
pressions yields

K B oty

D;Q: = R’ O

D, Q = K; _li (S 4+ a;)?

Thus
g Bem :
Dy—KoRgLN&+h)
Q= — M (+ by
R Ko i=1 5

where K, is an impedance constant yet to be deter-
mined. Furthermore,

D, = Ky _rlf|l (s + a;)

Q= Ell (s + ay)

Inserting these values for z;; and y.. yields

!n_ull (s + ai)
zn = K, Ky
E‘l (s + by)
= (s + by)
y L Ko K2 i=1
22 Rg2 i
n (s + a1)

The numerator N is decomposed so that N/Q =
—Ryy19712, and Q = Q;Q.. Parameters y;» and z»
must be obtained with RC networks. This technique
can best be illustrated with an example; therefore,
consider a low-pass filter with a voltage-transfer
function given by

Wo?

8% + 2tw, 8 + wo’
where N = .2 and D = s2 -+ 20,5 + 0o

F(s) =
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Applying the decomposition technique yields

D = 5% 4 2¢wos + 0,2 = Ki(s + a)2 4+ Ka(s + b)?
The designer must evaluate the four unknowns Kj,
Ks, a, and b. To do so he expands D algebraically
and matches the coefficients of s. Thus,

D= (Ki)2+ K2)S2 + (Kla + Kgb)2s + Kla'“’ +

2

Therefore,

K1 + K2 = 1

K]_ a + K2 b= Ewo

K]_ a? + K2 b2 = w,,2
Since there are four unknowns and only three equa-
tions available, the designer can choose to make
some assumptions. Suppose, for example, that the
expression for K; is manipulated to form K; =
1/(1 + Ko/K;) and Ko/K; is arbitrarily made equal
to n%

Then, for a > b

1 n?
Tatt Ty e

a =w (£=nV1—#) and

K1=

b=%@;§vr35

To make z;; and y.» realizable, a must be larger
than b; therefore, the plus sign is used with the
radical to evaluate a and the minus sign for b,
Furthermore,

K.

D1=K°W(S+b)
{:4
D2=K1(s+a)
Q= (s+a)
1
Q= G+b)
and
Z11=I<OI(1%1——%
0 Ky s+b
vz = K, Rz2 s+ a

the transfer functions y;» and z;» are found from the
numerator N = o,2

3 M,
i GNTES)
s M.
Yiz-— Ko S + a
where
M, M, = -2
1Y% = TR,

After the values for —y;» and ys» are established,
the RC network to the left of the gyrator can be
produced, for example, as a T network of two re-
sistor arms and a shunt capacitor. The value for
M. is given by

M: = Kz b/R?
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-021

Corner frequency vs. R;. Colored line represents data
obtained from design example 1. Second method’s
response in black, is superior for stability of corner
frequency.

-0.44

Damping ratio vs. R;. Data obtained from design
method 2, shown in black, is superior to that
obtained from method 1, in color, for a specified
damping ratio.

Xg ’
0.2 §=05
0.7
0.1+
: 0 . 0.9
-0.2 -0.1 0.1 0.2
£=09
-0.1+4
0.7
0.5 —0.2-‘~

D-c gain vs. R;. Colored line represents data from
design method 1. Circuit offers uniform d-c gain.
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Aa

The RC network to the right of the gyrator is
synthesized with the help of z;» and zs.. It can be
represented by a series resistor and a parallel RC
combination. Here,

M1 = K1 (a — b)

Inserting the values for K;, Ks, a, and b into the
complete network yields the circuit on the bottom
of page 115.

As was done in design example 1, Ry is substi-
tuted for R, so that the stability of the filter can be
examined with variations of the gyrator. Thus, let

awo?

Ki (s + a)® + o? K, (8 + b)?

or after inserting the values for Kj, Ky, a, and b,

F(s) =

Wo?
F(S) o hy s% + 2£w, h; s + hy we?
where
=122 gaty_gvi—F)
h1=1_2(1—5?ﬂ(25—\/—1f.§7 )
by =1— M

where K./K; = n? was arbitrarily chosen to be 4.
The d-c¢ gain, the corner frequency, and the
damping ratio have changed to

o
Gy = T
— ho
Wx = Wo hz
g s Y
Ex > f \/__—ho hz

If the damping is high, say 0.9, the transient re-
sponse decays exponentially toward the steady
state. For a 10% increase in R,, oy and & vary re-
spectively by 44% and 1%. Conversely, if the
damping is low, the decay is oscillatory. For ¢ =
the damping is called critical, making ¢ > 1 expo-
nential and ¢ < 1 oscillatory.

To illustrate the design technique, consider a
numerical example whose given values are: Ko/K; =
4, R; = 100 ohms, ¢ = 0.6 and v, = 5 X 10° radians
per second. From the general equations given, the
component values are calculated as:

R; = 125 1/K, kilohms, R, = 12.5 1/K, kilohms,
R; = 0.2K, ohms, Ry = 2K, ohms, C; = 0.8K, uf,
and C. = 5/K, uf. If a value of K, is arbitrarily
selected as 2.5, then:

R; = 50 kilohms, Re = 5 kilohms, Rz = 0.5 ohms,
Ry = 5 ohms, C; = 2 pf, and C; = 2 pf. The d-c
gain for this filter is unity, the maximum gain is
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4.7M 27k

400 68k 110

+18v

i

100k

Practical gyrator. Three transistors are used to form this this gyrator circuit. Gyration resistance is 118 ohms,
and remains constant within a frequency range of nearly 3 decades. Entire network behaves as a passive
device and neither consumes or adds signal energy. In the transmitting direction the circuit has a maximum

insertion loss of 1.5 db; isolating direction 60 db.

1.04, occurring at o = 2.65 X 10°, and the gain is
0.3 at 0 = 5 X 105,

Practical gyrator circuits

One practical gyrator was built by B. A. Shenoi
of the University of Minnesota. The circuit has
three transistors—one connected in a common-emit-
ter configuration that acts as a forward amplifier,
and the other two in a common-collector and com-
mon-base form, respectively, to provide active feed-
back.

This circuit is designed to have the following z
impedances: z;; = 0.685 ohms, 7,2 = —z2; — 118
ohms, and z.» — 2.2 ohms. Because z;; and zp» are
kept small, no additional negative-resistance cir-
cuits are required in series at the terminals for
neutralizing the residual impedances. Ideally, z;;
and zs» should be zero.

Impedances, zis, Z21, 211, and Zo» remain constant
for the frequency range of 100 to 10,000 hertz, and
the frequency response is flat until 480 khz, where
it has a corner frequency.

When a conductance equal in magnitude to yi»
of the gyrator is connected in parallel with the cir-
cuit, the reverse transfer admittance of the resulting
circuit is neutralized and the new arrangement can
be used as an isolator. Measurements indicate that
the circuit has a maximum insertion loss of 60 db
in the isolating direction, compared with 1.15 db in
the transmitting direction.

The insertion loss in the isolating direction is
constant within 10% over a wide bandwidth of 2
khz to 250 khz. With better transistors and a bias-
ing arrangement, the gyrator can be improved.

PEAK

GAIN (db)

1 1 1 1 1
1 10 R L [ SR 108

Frequency response. Circuit obtained from design

examples has a flat gain until « = 2.65 x 10° where

it reaches a maximum gain of 1.04.

w
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Both the input and output impedances can be re-
duced by increasing the load resistances and the
biasing resistances, connected in parallel. To estab-
lish proper biasing currents and voltages, it be-
comes necessary to use higher bias supply voltages.

This circuit is stable for all frequencies up to 500
khz when the input shunting capacitor is 0.05 puf.
With a capacitor value of 400 pf, stability up to 500
khz is assured when the circuit is either loaded or
shorted at the output.

What'’s ahead

The gyrator isn’t the only device that can be used
to provide an inductorless filter. The next article in
this series will describe another method—the nega-
tive impedance converter. Over the years, the nega-
tive impedance converter has received more atten-
tion than gyrators, primarily because of the work
of J.G. Linvill.?

Shenoi’s design method and gyrator circuit were
responsible for arousing an interest in the possibili-
ties of gyrators. As a result researchers and manu-
facturers are now giving serious attention to the
gyrator as a means for obtaining practical active fil-
ters. Its main advantage over the negative imped-
ance converter is that it is less likely to cause insta-
bility.

The two design examples given earlier by no
means exhaust the possibilities of the gyrator as a
building block in active filters, of course. The ex-
amples were chosen as representative of methods
currently used by many circuit designers. In the
future as better gyrators are developed, the gyrator
will find greater acceptance among those who must
design practical filters.
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Run your own relay race (evalua-
tion test) in your own plant, under
your own conditions, using your
choice of our general purpose and
medium power relays.

YOU BE THE OFFICIAL
JUDGE! Verify the results shown
in the chart on the right. You will
find that Eagle Relays run longer
and better; that there is no pre-
mium in cost and that they are
always readily available.

GET YOUR FREE RELAY TODAY by writing for
your OFFICIAL JUDGE'S ENTRY BLANK to: Relay
Race, Eagle Signal Division, 736 Federal Street,
Davenport, lowa, 52808, or by circling reader
service number below.
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GET YOUR FREE RELAY!...YOU’RE A
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WINNER EVERYTIME!

COMPETITIVE BRANDS

EAGLE
CONTACTS o ugn “gr upr = i RELAYS
Arrangement 3 PDT 3PDT 3PDT 3 PDT 3 PDT 3PDT 3PDT
Rating 5 Amp. 5 Amp. 5 Amp. 5 Amp. 5 Amp. 5 Amp. 5 Amp.
LIFE
Mechanical 15,061,261 14,077,866 | 28,808,000 21,625,333 | 16,923,133 29,433,600 § 34,492,950
Operations | Operations | Operations | Operations | Operations | Operations J Operations
ELECTRICAL
5 Amp. Resistive | 295,466 490,433 129,600 235,700 778,200 921,400 948,675
Operations | Operations | Operations | Operations | Operations | Operations J Operations
1.6 Amp Inductive| 488,666 | 1,071,666 | 496,000 284,333 | 3,529,466 | 1,842,000 3,102,200
Operations | Operations | Operations | Operations | Operations | Operations Operations

This comparison chart shows that Eagle Relays have a 100%
average of our six competitors at 5 amps, resistive and an almost 140% greater
electrical life than the average of the six competitors at 1.6 amps inductive.

greater life than the

¥

EAGLE SIGNAL

A DIVISION OF THE E.

W. BLISS COMPANY

Circle 268 on reader service card 121




Military electronics

Guidelines for radiation testing

Before an engineer can start testing, he must determine the type
of environment, how it can be simulated, and what dosage is needed

By Joseph T. Finnell Jr. and Fred W. Karpowich

Missile Systems Division, Avco Corp., Wilmington, Mass.

Nothing frustrates a manufacturer about to bid on
space or nuclear-weaponry systems more than his
staff’s lack of knowledge about radiation environ-
ment and testing. True, papers have been presented
and articles published on the subject. But almost all
have dealt with specific problems and have been
aimed at particular audiences. What’s needed is
a simple approach, based on the barest under-
standing of the environment and its effects, that
any engineer can take. With this, he would know
what course of action to take in testing and design-
ing—if that be necessary.

As a starter, an engineer must determine the
environment in which the equipment must function
—whether the radiation is particle or electromag-
netic, or both. Examples of particle radiation are
fast (high energy) and slow neutrons and electrons.
Included in the electromagnetic-radiation category
are gammas and X rays.

If the engineer is working on a space system,
his main concern would be the cause of the radia-
tion. He must consider such steady-state environ-
ments as found in the Van Allen belts and solar
flares, and those generated by nuclear propulsion
systems. The amount of radiation the system will
be subjected to depends on how long it stays in
space. Thus, the engineer must contend with the
problem of accumulative radiation dosage.

Weapons environment

An engineer working on a weapons system, on
the other hand, must concern himself primarily
with the effects of short bursts of high-intensity
neutrons stemming from a nuclear blast.

Duplicating this type of environment is almost
impossible, even with underground weapon tests;
the atmospheric effects can’t be simulated. A burst
condition consisting of a pulse of gammas with a
dose rate of about 10'* rads per second and neutron
fluences of 10'® neutrons per centimeter? can be
considered a weapons environment. And duplicat-
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ing even a weapons environment is difficult with
existing radiation sources.

In a nuclear blast, prompt gammas cause tran-
sient effects as well as permanent damage. Usually
these transient effects fade before the neutron
pulse reaches the equipment. Although accelerators
or flash X-ray machines can simulate the prompt-
gamma pulse and nuclear reactors can produce the
neutron pulse of this environment, they can’t
achieve them in the exact time sequence of the
actual weapons environment. As a result, testing
for neutron effects is separated from that of
prompt-gamma effects.

Compounding the difficulty of simulating a
weapons environment is the nature of the weapons
systems themselves. A fission weapon for ex-
ample, has a neutron spectrum that can be approx-
imated by a nuclear reactor, which is based on
fission. But most of today’s weapons are thermonu-
clear; fusion and fission are combined to achieve
the destructive force.

Fusion, by itself, emits neutrons with energies
as high as 14 million electron volts. Neutron
energies generated by nuclear reactors, however,
are no higher than 5 mev. Despite this wide gap
in energy levels, an engineer can still predict the
type of damage the 14-mev particles will cause.
This is achieved by the engineer first normalizing
all neutron damage to that caused by l-mev
neutrons. By measuring the damage caused by this
energy level and then that caused by other neu-
tron energies, he can find a correlation factor. Thus,
the engineer can predict the damage caused by 14-
meyv neutrons.

Radiation sources

More often than not, data is required on the
effects of the prompt- and delayed-gamma radiation
in the weapons environment; prompt gammas last
for nanoseconds and delayed gammas last for
microseconds. Of the three major sources of radia-
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Typical radiation sources
Type Location Maximum radiation produced  Pulse width
Rads/sec.
n/cm® Rads (peak)
Pulsed reactor |
Godiva* Atomic Enerﬁy Commission 1018 5% 103 107 | 100us
Los Alamos, N. M. ‘
SRER* Sandia Corp. 1018 B5ix: 104 107 | 100us
Alburquerque, N. M.
Kukla* Lawrence Radiation Labs 10138 5 x 108 107 1 100 us
Livermore, Calif. | ‘
Molly-G Kaman Nuclear 1014 5x10¢ | 3 x108 i 1-10 ms
Colorado Springs, Colo. I
Triga General Atomic S G0t 10! } 5x 107 | 10 ms
| San Diego, Calif. |
| 1
Accelerators | ‘ r
|
Linac | Many industrial faciltities 108 109 0.1-5us or
l and universities steady state
Dynamitron Boeing Co. 1012 103 10¢ lus or
‘ Seattle, Wash. ‘ steady state
Flash X ray ' lon Physics Corp. 10¢ | 1012 | 0.02us
1 Burlington, Mass. ! !
‘ 1
Gamma cells | { :
C,%° source Hughes Aircraft Corp. ‘ 10 steady state
or Fullerton, Calif. |
C,137 source ! !
* Available only to DOD or AEC contractors

tion that are available—reactors, accelerators, and
gamma cells—accelerators, particularly—the linear
accelerator (Linac) and the flash X-ray machine—
have proved to be effective tools. Both produce
pulsed radiation, but only the linac is capable of
producing either single pulses or a train of pulses
that can be varied in position or width; the X-ray
machine produces a single, fixed pulse. Other
accelerators, such as the Van de Graaff electro-
static generator and the Dynamitron, produce
either steady state or pulsed radiation.

With an output 10 times better than that of the
Linac, the flash X-ray machine is capable of pro-
ducing intense bursts of megavolt X-rays that are
used to simulate the effects of prompt gammas. A
high-impedance power supply charges a gas-
insulated coaxial line, which, when triggered by a
pressurized spark gap, releases this energy into an
evacuated field-emission diode. The anode of this
diode consists of a high atomic number X-ray tar-
get, such as tungsten, and is usually grounded.
When struck by an electron beam, the anode emits
X rays. An aluminum shield prevents any low-
energy electrons from irradiating the device under
test.

By removing shield and target anode, the elec-
trons strike the device directly and the engineer
can study the effects of permanent damage.

Since neutrons are a major consideration in a
weapons environment, engineers turn to pulsed re-
actors. Two reactors, the Sandia Corp.’s SPR
and the Godiva, consist of an unreflected, cyl-
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indrical, neutron-enriched uranium core assem-
bly that can produce 100-microsecond pulses of
fission neutrons and gamma rays. These reactors
can produce 10" n/cm? at the core—but the dosage
decreases as the experiment is moved farther away
from the core. The assembly is at the center of a
room approximately 30 feet in diameter and experi-
ments can be placed anywhere in the room; the
location depends on the desired radiation dose.
These reactors are shielded by concrete and
mounds of sand and dirt.

The Triga pulse reactor produces greater output
than SPR or Godiva. It can deliver a maximum of
5 x 10" n/cm? per pulse near the core. Triga can
be likened to a swimming pool in which the core
assembly is placed in close proximity to one wall.
Behind this wall is a dry exposure room where test
devices are subjected to radiation. Other experi-
mental devices can be put into water-tight con-
tainers and placed near the core or at any point
within the pool, depending on the dosage required.

Pulsed neutron generators can also be used to
simulate weapons environment. They provide
higher-energy neutrons than reactors, but over a
much smaller area for nanosecond pulses. Primary
applications of these generators are in investigating
the ionization effects caused by neutrons, corre-
lating the resultant damage, and studying the rapid
annealing of devices after neutron damage.

Where and when

Knowing what equipment to use is one thing, but
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Measuring the dosage
Radiation Measurement
Source type technique
Reactor Neutrons Threshold detector
(steady state) (Radioactivants)
Gamma ray |Compton scattering
and pair production
spectrometer
Crystal absorption
spectrometer
Reactor Neutrons Threshold detector
(pulsed) (Radioactivants)
Gamma ray |Photodiode (dose rate

detector)

Chlorinated hydro-
carbon dosimeter

Oxalic acid dosimeter

Accelerators and |Gamma ray |Calorimeter
gamma cells

(steady state) lonization chamber

Ferrous-sulfate dosi-
meter

Lithium fluoride dosi-
meter

Photographic
{emulsions

Photodiode detector
Faraday cup

Ferrous sulfate
dosimeter

Photographic film

Accelerators X ray

(pulsed)
Gamma ray

Electrons

actually using it is something else. Unless a com-
pany is either doing or planning to do intensive
work in this area, it’s doubtful it would go to the
expense of buying a radiation source. Such equip-
ment is prohibitively priced. Instead, the firm most
likely will rent the equipment at the equipment’s
site. Government facilities are the least costly, but
they usually aren’t available to nonmilitary con-
tractors.

Many radiation sources, however, are available
for nonmilitary work.! Some are owned by com-
panies, others by universities. And almost all can
be either rented or leased. General Atomic, for
example, maintains a Triga pulsed reactor and a
Linac facility near San Diego, Calif. The Kaman
Corp.’s nuclear division has a Molly-G pulsed nu-

clear reactor at its Colorado Springs, Colo., facili-
ties. And in Seattle, Wash. the Boeing Co. has a
variety of radiation machines, including Linac, Dy-
namitron and flash X ray. Flash X-ray facilities are
also available at the Ion Physics Corp. in Massa-
chusetts and at the Physics International Co. in
California.

Nuclear yardsticks

None of the radiation sources presently available
have built-in dosimeters. Dosimetry—the measure-
ment of radiation levels—is one of the least precise
aspects of radiation testing. Methods of measuring
the radiation environment range from the simple
and inexpensive, photographic emulsion, to the
complex and costly, gamma-ray spectrometry. Be-
tween these extremes are a variety of methods
tailored to the various user needs.

The most common method of measuring neutron
fluence is the use of isotopic activation property
of gold, sulfur, and phosphor. When bombarded
by neutrons, these materials exhibit a sharp in-
crease in isotope production at a particular thresh-
old energy—the threshold depending on the type of
material. If several of these activation materials
are chosen, each with different activation energy
thresholds, it would be possible to cover most of
the energy spectrum. An accuracy of =3 decibels
can be obtained under precisely controlled condi-
tions. But under normal conditions, ==5-db accu-
racy is usually achieved.

Gamma rays and other ionizing radiations can
be detected by various photographic techniques.
One such technique uses a photographic emulsion-
film wafer exposed to radiation. Developed under
precisely controlled conditions, the wafer is viewed
by the engineer using an optical densitometer or
spectrophotometer. By determining the opacity of
the exposed film and comparing it to a previously
calibrated reference film, the engineer can measure
the gamma-ray dose within =6 db.

Another type of gamma-ray dosimeter employs
a lithium fluoride crystal. Irradiation of this mate-
rial causes vacancies and interstitials in the initially
well ordered crystal lattice structure, which pro-
duces energy levels somewhere between the valence
and conduction bands. This type of crystal has
energy trapping levels that absorb ultraviolet light
above 5 electron volts. The amount of ultraviolet
light this crystal absorbs can be directly related to

For your information. ..

Other articles dealing with radiation that have ap-
peared in Electronics include:

= “Designing against space radiation: parts 1 and
2” [Dec. 28, 1964, p. 61, and Jan. 11, 1965, p. 70]
detailed the nature of the radiation environment in
space and the methods of selecting components for
use in that environment.

= “Designing for the worst of worst cases—nuclear
war” [Aug. 21, 1967, p. 99] looked at radiation prob-

lems from a military standpoint.

= “Equivalent circuits estimate damage from nu-
clear radiation” [Oct. 30, 1967, p. 73] presented
device models that a circuit designer can use to
calculate radiation effects on components and com-
pute circuit response.

= “Skipping the hard part of radiation hardening”
[March 4, p. 122] showed how to predict responses
of circuit elements without performing any tests.
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Gain degradation. A transistor biased by external resistors and a power supply is driven by a sine-wave
generator. By dividing the collector voltage by the base voltage, an engineer can find the gain degradation
of a transistor. How fast and 1o what degree the transistor recovers are determined from the amplitude of

the collector waveform as a function of time.

the radiation dose. Using this method, an engineer
can expect accuracies within =6 db.

Since it is often necessary to determine the dose
rate (flux), other measuring methods are necessary.

Gamma rays can be measured using a photo-
diode that produces photocurrents when exposed
to ionizing radiation. These currents depend on the
magnitude and shape of the radiation pulse. Al-
though any semiconductor junction can be used
to detect ionizing radiation, greater accuracy and
sensitivity are achieved with diffused-junction, en-
capsulated, surface-barrier, or p-i-n structure de-
tectors. An accuracy of =6 db could be achieved
if the effects of stray radiation are prevented from
masking the relatively low diode output.

Some firms, not wishing to go through the ex-
pense of setting up their own dosimetry facilities,
take advantage of a service such as that provided
by E.G.&G. Inc., which calibrates its instruments
and analyzes the amount of radiation the dosimeter
registered. Another firm that provides a similar
service is the Moleculon Research Corp. in Cam-
bridge, Mass.

Once the method of measurement is decided on,
the next decision is what components are to be
tested. All components are affected by radiation,
but transistors more so than the others. Usually
resistor and capacitor values can be adjusted to
minimize radiation effects, but this may be difficult
to do for transistors.

POWER
SUPPLY

Ndfh /
V

TO OSCILLOSCOPE

When transistors are irradiated, many of the
critical parameters change. Neutron bombardment
decreases the small signal gain, 8, but increases
both the saturation resistance, Rgar), and the re-
verse leakage current, Icpo. Gamma rays and other
ionizing radiation generate primary and secondary
photocurrents that change g and increase the radia-
tion storage time.

Statistical approach

A look at any transistor specification sheet
clearly indicates the wide parameter distribution
inherent in any semiconductor device. A typical
small signal current gain distribution of 33 2N2708
transistors ranged from 18 to 100, with approxi-
mately half the devices at 45.

Just as transistor parameters have a statistical
distribution, the effect similar radiation has on
these parameters also varies from device to device.
Thus, radiation testing must be done on a relatively
large scale if it is to be meaningful. The actual
number that must be tested depends on the dis-
tribution of device parameters.

For example, 10 transistors might be considered
a large lot if the standard deviation on the distri-
bution is only 1% of the mean value; whereas, 100
transistors might be considered a small lot if the
standard deviation approached 50% of the mean
value. Much depends on the- confidence level re-
quired and the measured parameter distribution.

OSCILLOSCOPE PRESENTATION

Iceo
Iego _/\ﬁ_

TIME

Leakage current. The collector-to-base junction is reversed biased by the power supply. By measuring the
current flowing through the series resistor, an engineer can determine the magnitude of the leakage

current, loso, before, during, and after irradiation.
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One way to obtain some idea of what parameter
distribution to expect under radiation is for the
engineer to perform a pilot run. Consider, for ex-
ample, 10 chosen at random suffered gain degrada-
tions distributed within +=50% of the mean. This
would indicate that a large number of devices must
be tested if the engineer is to have confidence in
the results. But if the gain distribution fell within
+10% of the mean, the same confidence could be
achieved by testing fewer transistors. The confi-
dence level depends on how stringent the circuit
requirements are and how severe the radiation
environment will be.

To determine the number of transistors that must
be tested to find the one percentile point with 90%
confidence that 99% of these devices will have a
gain greater than this, the engineer would use the
equation

e log (1.0 — 0.9)
~ log (.99)

where n is the number of test units, 0.9 is the con-
fidence level required and 0.99 is the probability
that any one of the test transistors lies above the
one percentile point. This equation yields 230,
which is the number of transistors to be tested. If
a confidence level of 99% instead of 90% were
required, twice as many transistors would have to
be tested.

When the number of units to be tested is rela-
tively large, semiautomatic and even automatic
testing systems would sharply reduce costs and the
time needed to complete the task. Turntables or
sample wheels place each test device in front of
the radiation source without the engineer or tech-
nician having to go into the test area.

In reactors, where several hundred components
can be simultaneously exposed to a continuous
barrage of neutrons and gammas, many measure-
ments must be made in a very short time. Clearly,
fully automatic testing is desired here.

But before any testing is attempted, the engineer
should decide what measurements are to be made,
and whether they will be made only before and
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after exposure or during exposure, too. Moreover,
he must decide whether the measurements are to
be periodic, continuous, or both.

Once he has decided on which parameters to
measure, he must consider the dosage and how it
will be measured, and the test equipment that will
be used. Based on this information, a determina-
tion can be made on how close the component will
be placed to the radiation source.

For example, the output of a flash X-ray machine
forms a conical beam whose intensity decreases
approximately as the inverse square of the dis-
tance between component and radiation source.
But this poses a problem of uniformity.

Suppose a device 5 inches in diameter is to be
irradiated with 100 rads using a 2 or 3-mev flash
X-ray machine. This would require the device to be
placed approximately 20 inches from the machine’s
window. Although the device’s center would re-
ceive the full dose, its edges wouldn’t. Because of
a conical beam, the dosage at the device’s edges
drops to about 95 rads. If this is satisfactory, the
engineer need consider nothing else. But if greater
irradiation uniformity is required, the device would
have to be placed farther from the source—but at a
price of decreased radiation intensity. Thus, if
greater uniformity is desired at the 100-rad dosage,
another radiation source should be considered.

For some components, particularly transistors,
it would be best to duplicate the actual circuits
with which they will ultimately be used. The rea-
son: the amount an irradiated transistor’s param-
eter changes can be affected by circuit impedance.

Gain, leakage, resistance

All test setups require radio-frequency shielding
especially the cables that link the device and source
in the test area to a control console some distance
away. The type of shielding depends on the ambient
noise spectrum generated by the radiation source,
and grounding techniques differ for each test setup.
To achieve satisfactory results, the engineer must
experimentally determine the most suitable layout
for each test setup.

One test setup, at top of page 125, determines
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Saturation resistance. A sawtooth generator supplies a ramp voltage that is applied simultaneously to the
transistor—biased into saturation—and the horizontal-drive circuits of an oscilloscope. A plot of the change
in collector-to-emitter voltage for a fixed change in collector current indicates the value of saturation resistance.

transistor fast annealing and gain degradation from
neutron damage. The transistor is connected as a
three-terminal device and biased by an external
power supply. A signal generator drives the bias
of the transistor with a 10-kilohertz sine wave. A
dual-beam oscilloscope monitors both the base-
drive voltage and the voltage developed across the
collector load resistor.

The collector waveform is a series of 10 khz sine
waves whose amplitude depends on the circuit
gain. Voltage gain of the amplifier is found by
dividing the peak-to-peak collector voltage by the
peak-to-peak base driving voltage. By noting the
change in magnitude of the a-c signal as a function
of time, the engineer obtains the amount of gain
degradation and annealing. Although a 10-khz sig-
nal is used here, almost any frequency can be ap-
plied. However, it should be pointed out that high
frequencies can create circuit layout problems.

One setup for investigating the change in leakage
current is shown on the bottom of page 125. Only
the long-time effects produced by neutrons are of
interest, not the transient shift in the leakage cur-
rent, Iopo. The transistor is connected as a two-
terminal device—emitter is left floating—and the
change in Iggo is monitored by an oscilloscope. The
reverse leakage current flowing through the col-
lector-base junction peaks shortly after the radiation
pulse subsides and then gradually decreases to an
equilibrium value. The change in Igpo is the dif-
ference between the initial value and that after the
transistor is irradiated.

To measure changes in saturation resistance,
R(sar), the engineer can use a test setup, shown
above, in which a ramp voltage is applied to the
base and collector of a transistor already biased into
saturation and to the horizontal drive circuit of a
oscilloscope. This changes the collector-to-emitter
voltage Veg, which produces a change in the col-
lector current, Ic. The current that flows through
the collector-load resistor develops a voltage that
is monitored by the oscilloscope.

As the ramp voltage varies, the change in Vg
is displayed on the oscilloscope’s horizontal axis
and the change in I on the vertical axis. The oscil-
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loscope then traces a line whose slope is equal to
Alg/AVg, the reciprocal of Rsar). Changes in the
slope—before and after irradiation—indicate the
change in saturation resistance.

When it comes to semiconductors, the major
effect of gamma radiation is that it generates photo-
currents, which adversely affect operating param-
eters. Thus, engineers are extremely concerned with
the pulse shape, peak, and equilibrium amplitude
of the photocurrents generated by different gamma-
ray dose rates. Short radiation pulses are used to
observe the peak amplitude and long pulses are
used to determine the equilibrium current ampli-
tude. When measuring the pulse shape, care must
be taken to prevent the device from saturating. In
an experimental test setup, on page 126, used for
measuring the amount of primary photocurrents,
the transistor’s emitter is left floating; primary
photocurrents are generated only in the reversed
biased collector-to-base junction.

Balanced systems are used so that Compton scat-
tering effects and r-f noise do not mask the low
photocurrent levels,

A base and collector resistance is selected to
cptimize the test circuit without device saturation.
When the transistor is irradiated, photocurrents
flow through this resistance and develop a voltage,
which is amplified and displayed on an oscilloscope
as a function of time.

Data handling

Because of vast amount of data that must be cor-
related and processed in radiation testing, engineers
working in this area are turning to computerized
data processing in increasing numbers. But even
with a computer, the engineer must reduce the
data from oscilloscope cameras using strip film
and transfer it to the computer. Thus far, this has
proved time consuming. Hopefully, better and
faster data handling will be in the offing.

Reference

1. Radiation Effects Information Center, “Survey of Radiation
Facilities,” REIC report 31, Sept. 15, 1963.
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Avionics

Vibrating angular rate sensor
may threaten the gyroscope

Coriolis-force device, now being test flown, is expected
to last 25 times as long as gyros and to cost about the same

By William D. Gates

Avionic Controls department, General Electric Co., Binghamton, N.Y.

Eliminating moving parts has long been a favorite
solution to problems of life and reliability. And
now such a solution has been made practical for
the angular rate sensors used in stabilizing and con-
trolling aerospace vehicles. The sensors indicate
changes in the vehicle’s rate of rotation.

The moving parts in conventional rate gyros are
the ball bearings and high-speed rotor needed to
obtain a high angular momentum. Attempts to im-
prove these parts—for example, supporting the bear-
ings electrostatically or with gas—have lessened
wear and increased reliability, but haven’t reduced
the complex fabrication steps that boost costs.

The Avionic Controls department of the General
Electric Co. designed a sensor without such mov-
ing parts. It can be made simply and at low cost
and has a lifetime potentially 25 times that of the
gyro or linear accelerometer. The new sensor is
based on Coriolis-force principles and uses a solid,
rectangular piece of metal that’s made to vibrate in
one plane while it senses rate changes in the other.

Several models of the vibrating rate sensor have
been built. One is undergoing flight tests in the yaw
damper channel aboard a Boeing 707. Another is in
continuous test and has accumulated more than
4,500 hours without a failure and with a total null
drift of less than 1 degree per second.

Vital statistics

It’s estimated that the life of the unit could well
hit 50,000 hours at a power consumption of one watt
at =15 volts, as shown in the table on page 132.
A gyro has a 2,000-hour life expectancy and a four-
watt power dissipation.

The output of the new unit may range, depending
on the application, from 0.04 to 0.20 volts/degree/
second, with a resolution of 0.02 to 0.05 degrees/
second. The dynamic range is greater than 105.
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Right now, the packaged sensor, with its elec-
tronics, measures 3% x 4% x 1% inches and weighs
14 ounces. Further miniaturization using silicon
integrated circuits could reduce the size to 1.5 x
3 x 0.75 inches and weight to three ounces.

The developmental models have used a combina-
tion of integrated circuits in TO-5 cans and discrete
components connected with point-to-point wiring.
However, General Electric is considering using
large scale integration techniques to fit most of the
system into as few as three flatpacks. Discrete com-
ponents would still be used for such elements as
feedback resistors and large-valued capacitors and
for setting scale factors.

The rate-sensing beam itself is extremely simple
to make. It’s machined out of a solid piece of metal,
but tolerances aren’t at all critical. The unit may be
put together in an ordinary environment; a clean
room is unnecessary.

The market for the sensor could be large. Last
year, for example, GE’s avionics department built
more than 6,000 conventional rotating rate gyros
for the F-4, F-105, and F-111 fighters. What’s more,
similar sensors are used in many commercial air-
liners and it’s expected that the vibrating sensor
will be able to meet the price of these conventional
sensors easily.

How it works

The vibrating sensor produces a voltage propor-
tional to the angular acceleration by converting dis-
placements caused by Coriolis forces into piezo-
electric signals. The basic sensing element consists
of a rectangular metal beam driven sinusoidally in
one of its major planes at its fundamental bending
frequency and supported at its nodal points.

With the beam vibrating, any change in angular
velocity about the beam’s longitudinal axis produces
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Basic sense. Sinusoidally vibrating metal beam senses changes in anguiar input applied about its
long axis. The Coriolis effect sets up a sinusoidal signal at the readout transducer that is a function of the

input rate.

a sinusoidally varying force at the bending fre-
quency—the Coriolis force—perpendicular to the
drive plane. This force produces a vibration at the
same frequency at which the beam is driven.

A readout circuit senses the Coriolis-induced
beam motion through a piezoelectric transducer,
then amplifies and demodulates the signal and pro-
duces a d-c output proportional to the input rate.

The Coriolis force

A Coriolis force turns up in the basic dynamic
equations of motion for a rigid body whenever the
body is moving relative to a rotating, rather than a
stationary, coordinate system.

For example, the rotation of the earth must be
taken into account in calculating the trajectory of a
ballistic missile set to move in a straight line, or in
predicting the path to be taken by a tropical storm.
In these cases, the apparent deflection of both the
missile and the air mass, as seen by an observer on
the rotating earth, is attributed to this Coriolis
force. In the northern hemisphere, the force acts
to deflect the body to the right; south of the equator,
to the left.

When an observer in a system rotating at a con-
stant angular velocity @ views a particle (or system
of particles) acted upon inertially by a simple force
F, the apparent force on the particle, relative to the
moving observer, can be shown to be:

Fer =F —mo X (0w X 1) —2m (0 X V)

where m = particle mass

w = angular velocity vector

V = particle velocity vector
The middle term is a vector normal to w. It points
outward and corresponds to centrifugal force. The
last term, —2m(a X V), is the Coriolis force, which
exists whenever the particle is moving in the iner-
tial frame and viewed from the rotating frame.

A somewhat crude analogy can be drawn between

Electronics | June 10, 1968

a gyro and the vibrating sensor.
For the gyro, there is the standard relationship be-

tween torque, =, angular momentum, H, and angular
input, or precessional velocity, o:
r=wXH
In a typical spring-restrained rate gyro, this torque
is converted to an angular displacement which is,
in turn, converted to an electrical signal propor-
tional to the input angular rate. The relation among
these vectors is shown in the diagram on page 132.

The vibrating sensor replaces these angular pa-
rameters with linear ones. Thus, torque is replaced
by the Coriolis force, F., and angular momentum,
is replaced by linear momentum, mV, so that:

F. a (0w X mV)

where @ is the input angular velocity. For a particle
moving with a linear velocity but in a rotating refer-
ence frame, then, the Coriolis force is given by:

F.= —2m (0w X V)
The driving force

The vibrating beam is made of Ni-Span-C,
a nickel-chromium-titanium alloy. The beam is
rounded outward from the nodes so it can be held
by O-ring clamps at both nodal points.

The supporting structure for the O-rings is a four-
bar frame also made of Ni-Span-C. This minimizes
thermal stresses at the mounting points.

The force for driving the beam is applied through
piezoelectric transducers bonded to the beam’s sur-
face in the drive plane. Made of lead zirconate
titanate, the transducers are thin 0.90 x 0.75 x 0.02-
inch rectangular plates.

Transducers are bonded to each of the other three
faces of the rectangular beam. The transducer on
one of the faces at right angles to the drive face
senses the Coriolis-induced vibrations and provides
the readout. The transducer on the face parallel to
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the drive face is a feedback transducer used in an
electronic drive circuit to keep the beam amplitude

mV~ H

g[
€|

—Fe %

Analogies. Spring-restrained gyro’s angular parameters,
right, of torque, =, angular momentum, H, and angular
velocity, w, have their counterparts of Coriolis force,

F., linear momentum, mV, and input angular rate, o,

in the vibrating beam sensor, left.

constant and vibrating at the mechanical resonant
frequency. The transducer opposite the readout
transducer is connected to a circuit that damps the
beam electronically.

Whole new way

Both the drive and readout transducers are split
into two isolated halves to accommodate inhomoge-
neities and positioning errors in the piezoelectric
material on the surface of the beam.

For example, if the transducer is not uniformly
thick, or if it is not centered perfectly on the beam,
the drive and readout planes may not be at right
angles to each other. Splitting the transducer al-
lows for better control of the direction of the driv-
ing motion. The readout transducer is also split in
two, but this was done to allow nulling of quadra-
ture signals resulting from drive plane motion.

Electrical connections to the transducers are var-
nished to the beam, laid close to the nodal mounting
points, and then brought out to the sensor terminal
board. Such positioning of the leads minimizes their
effect on the beam vibration.

A sinusoidal voltage at the first resonant fre-
quency of the beam is applied to the drive trans-
ducers and vibrates the beam at a constant fre-
quency and amplitude. This frequency depends on
both material and geometry, but it must be well
above the highest frequency of the environmental
vibration that’s expected in the application. In the
developmental units built thus far, beam-drive fre-
quencies have ranged from 1,500 to 6,000 hertz,
with beams two to four inches long,.

Circuit design

The electronics in the sensor’s drive and readout
circuitry, shown on page 134, takes advantage of
the versatility of the pA709, a silicon monolithic
operational amplifier. This op amp is used as an
inverting and noninverting voltage amplifier, and as
an inverting transimpedance amplifier transducing
current to voltage.

132

The pA709 is small but provides very high voltage
gains with outputs that appear as voltage sources.
It makes unnecessary the large coupling and bypass
capacitors needed in conventional circuitry, as well
as the transformer in the demodulators.

Its disadvantage is that it requires a plus and
minus power supply, but this helps make unneces-
sary any large d-c bias on the transducer crystals.

Low-impedance integrator buffers connected to
the readout transducer eliminate the noise and
stray-capacitance problems that would crop up if
the transducer fed the high-gain readout amplifier
directly. Because both halves of the transducer
don’t produce equal quadrature signals, the buffer
outputs are summed into the readout amplifier
through scaling resistors. A potentiometer adjust-
ment of one resistor provides a quadrature null con-
trol. Any in-phase null is minimized by adjusting the
gain of buffers feeding the drive amplifier.

The readout amplifier, capacitor-coupled to the
buffers, is an inverting amplifier with its gain ad-
justed for the scale factor required for low or high
angular input rates. The high gain of this amplifier
also increases the null voltage. This voltage is, how-
ever, in quadrature with the signal voltage and isn’t
passed by the demodulator. The demodulator also
uses a pA709 with a pair of complementary chopper
switches. The op amp is used alternately as an in-
verting and noninverting amplifier with equal gain
in either mode. The a-c signal corresponding to the
angular input rate is then a positive, full-wave recti-
fied signal when it’s in phase with the demodulator
reference drive. When the signal is 180° out of
phase with the reference, the demodulator output is
full-wave rectified in the opposite direction. Thus,
the direction of the angular input is indicated by the
polarity out of the demodulator. A 10-kilohm output
resistor and a 0.5-microfarad capacitor to ground
are used to filter the demodulator output. A bias-
offset adjustment on the demodulator allows a
further d-c null adjustment of the output voltage.

The chopper and demodulator reference is ob-
tained from the feedback transducer. This signal is
phase-shifted by a passive filter and amplified be-
fore it is applied to the choppers.

The demodulator reference uses a pA709 invert-

Rating the sensor

Life (estimated) 50,000 hours
Power 1 watt at =15 volts
Start-up time 1 second

Threshold (2 cps bandwidth) 0.01°/second
Resolution (2 cps bandwidth)0.02-0.05° /second

Linearity 19 full scale
Scale factor (output) 0.04-0.20 volts/deg/sec
Output range + 9v (18 volts full scale)

Null uncertainty 0.1-0.4° /second
Frequency response 40 hertz
Compensated damping ratio 0.1-0.6

Maximum angular rate over 1000°/second
Cross-coupling 0.1%

Electronics | June 10, 1968



First try: cutting Dutch rollin a 707

The vibrating rate sensor being test-flown by the
Boeing Co. is in the yaw damper channel of a 707
jet. The sensor damps the so-called Dutch roll os-
cillation, a normal side-to-side oscillatory mode that
occurs in the lateral dynamics of any aircraft.

A Dutch roll damper system is generally made up
of the components shown just below. The sensor
detects the yaw rate and feeds back a signal to
deflect the rudder. A high-pass filter is included so
that feedback occurs only for a transient input. Thus,
a steady state rudder command by the pilot wouldn’t
be opposed by rate feedback.

Without the compensating feedback loop, the air-
craft’s response to Dutch roll is very lightly damped.
This is shown in the s-plane plot for the uncompen-
sated forward loop, below right. The rudder
servo pole comes from the (s+1/7;) term in the
denominator of the r/e8, relation; the spiral diver-
gence pole from the (s —1/7,) term, and the Dutch
roll roots from the final denominator expression.

The damping ratio is expressed by the cosine of
the angle ¢. The low ratio means that any dis-
turbance of the aircraft, whether caused by a rudder
command or by air buffeting, will lead to a lightly
damped oscillation before the aircraft resumes a
steady position. Adding the rate feedback increases
the damping ratio by reducing the angle ¢. Just
what happens with the rate feedback added is shown
in the figure below left. This is a root locus plot
showing the possible pole locations of the closed
loop roots for increasing gain.

When the gain in the feedback loop is zero, the
closed-loop poles lie on the open-loop poles. As the
gain is increased they move out along the loci, indi-
cated by the arrows in the figure below, left, and
for infinite gain will be on the open-loop zeros.

In an actual case, rate sensor gain is chosen so
that the closed loop poles for the Dutch roll response
are at B and B’. The angle ¢ is reduced and the
damping ratio is increased to roughly 0.85.
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Two major functions. Beam drive and readout mechanization requires only dc power
for the sensor and uses minimum power because of the resonant operation.

ing amplifier. This is run completely open loop
without a feedback resistor or compensation com-
ponents, minimizing the switching deadband so
that the square-wave drive switches in about 0.5
microseconds.

Going for a drive

Drive power for the beam is supplied by a xA709
noninverting amplifier with adjustable gain. This
amplifier, whose input is a sum of feedback and
regulator error signals, feeds the two drive buf-
fers. These buffers are adjustable emitter follow-
ers, each driving half of the drive transducer. Un-
equal drive signals out of the buffers minimize the
phase shift of the in-phase signal appearing in the
readout circuit,

The regulator keeps the amplitude of the vibrat-
ing beam constant by monitoring the feedback volt-
age. This is done by half-wave rectifying the feed-
back signal, comparing it to a d-c reference signal,
amplifying the error, and summing it with the
feedback voltage into the drive amplifier. The half-
wave peak detector uses the pA709 as an invert-
ing amplifier and a chopping transistor switch
to provide a negative half-wave rectified feedback
voltage. The detector output is a positive d-c, which
is summed with a negative reference d-c at another
chopper transistor point.

When the negative reference is nulled with the
peak detector output, the feedback voltage is set at
a nominal 15 volts peak-to-peak. This null point is
capacitively connected to another pA709 noninvert-
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ing high gain amplifier, which senses any deviation
from null. If the feedback voltage tends to drop, a
negative error signal develops and the regulator
puts a square-wave signal in phase with the feed-
back into the drive amplifier. This increases the
drive voltage applied to the beam and thus drives
the feedback up to its nominal level.

Similarly, an increase in feedback voltage devel-
ops a positive error signal, adds an out-of-phase
square-wave to the feedback voltage, and reduces
the drive voltage. The square-wave error signal is
caused by the chopping action at the null point.
The nominal feedback voltage may be adjusted by
varying the level of the reference signal.

Added damping

Natural damping of the sensor itself is low—the
damping factor is roughly 0.2—so that electronic
damping is added to prevent the circuitry from os-
cillating when there is an oscillatory rate input. This
damping is added through the piezoelectric trans-
ducer placed on the vibrating beam opposite the
readout transducer. This is an active damping
method that takes some of the demodulator output
signal, filters it, and applies it to the damping trans-
ducer to alter the beam’s dynamic characteristics
when the angular rate is changing. The damping
filter is designed with an RC ladder network with
a series capacitor to produce voltage rate feedback
around the resonant frequency. The damping factor
of the vibrating beam is increased to a value of
about 0.8,
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MAKE OR BUY ?

CONSIDER THESE

Your design and scheduling problems are simplified
when you specify Intronics compatible function modules.
Proven specifications, stock delivery, and firm prices
help you meet your cost and delivery schedules.
Intronics modules feature MIL quality construction and
advanced solid state circuit design. Operation from
=+15 Volt supply is standard with =12 Volt optional.

ANSWERS FIRST

Modules are designed for compatible operation mini-
mizing interface problems. No customer furnished feed-
back networks, pots or other adjustments are normally
required. All units have short-circuit proof outputs. Stan-
dard units operate over a temperature range of —25°C
to +85°C with —55°C to 125°C operation available in
most models.

MULTIPLICATION/DIVISION
SQUARING/SQUARE ROOTING

All models feature true linear four quadrant operation, differential or single ended input opera-
tion, and excellent stability with respect to temperature and supply voltage variation. All types
function in multiply, divide, square, or square root mode by appropriate pin interconnection.

X=Y=0 Input Output , ¥
Model Type Accuracy Output Offset X, Y Inputs XY/10 Output Bandwidth Impedance Impedance Case Size Price 1-9
M101 General Purpose 0.25% #*10 mV max =10V, AC or DC =10V, 5 ma both X, Y inputs X: 5 meg min 1 ohm max 3” x 2” x .625" $445.00
time division DC to 1000 Hz Y: 75k min
M102 High Accuracy 0.1% *5 mV max =10V, AC or DC =+10V, 5 ma DC to 100 Hz X: 5 meg min 1 ohm max 3” x 2” x .625” $495.00
time division Y: 75k min
M201 FET 1.0% +20 mV max =10V, AC or DC *10V, 5 ma DC to 1 mHz X: 10k min 1 ohm max 3" x 2” x .625" $545.00
wide bandwidth Y: 10k min
M301 Lowcost general 1.0% =20 mV max =10V, AC or DC =*+10V, 5 ma DC to 1000 Hz X: 10k min 1 ohm max 3" x 2” x .625” $245.00
purpose, time Y: 10k min
division
Sample Input Input Acquisition Aperture 3 "
Model Type Command Range Impedance Output Time Time Output Decay Case Size Price 1-9
FS101 0.1% accuracy on: +3.5v to =10V, Sample: 500pf +10V,5ma 2 usec for 50 nsec. 0.lv/sec, max with 20057 %:1.15" $185.00
fast acquisition +7.5v AC or DC +100 0.1 ohm =10 volt, internal 500 pf capaci- X .625”
non-inverting. off: 0 to +0.5v Hold: 1070 ohm output 0.1% tor, provision for ex-
min impedance accuracy ternal capacitor
IMPEDANCE BUFFERING (Voltage Follower)
Input Input Output
Model Type Accuracy Linearity Voltage Gain Input/Output Impedance Current Impedance Case Size Price 1-9
FA101  FET, Non Inverting .05% .005% =0 *+10V, AC or DC, 107! ohm min 30 pA max 0.1 ohm max 152" x 1,127 $78.50
Unity, —.0005 =5 ma out x .625"
FA102  FET, Non Inverting 1% 01% +.0 10V, AC or DC, 101" ohm min 50 pAmax 0.1 ohm max 1.227 x 1.12" $68.50
Unity, —.001 *+5 ma out x .625”
ELECTRONIC SWITCHING (Multiplexing)
Turn-On  Turn-Off Input/Output  “‘On’" Input Voltage i 4
Model Type Time Time Offset Error Voltage Impedance Sample Command Drift Case Size Price 1-9
ES101 Fast Diode Gate 300 nsec 50 nsec *+2mvmax =10V, 1 maoutput 20 ohms On: +3.5 to +7.5V 50 uv/°C 1.12"‘;(251).12" $65.50
X 625"
ES102 Diode Gate with 300 nsec 50 nsec +2 mvmax =10V, 5 ma output 106 ohms  Off: 0 to +0.5V 100 uv/°C 0D T 5% $145.00
FET Output Buffer X .625"
Input Input Conversion 4 .
Model Type Voltage Impedance Output Time Accuracy Temp. Drift Power Input Case Size Price 1-9
AC101 100 KHz complete 0 to —10.23V 10 K ohms 10 bit serial 10 usec 0.1% or 1 bit 10ppm/°C max +15V, 125 mA 3” x 4” x .625” $995.00
conversion rate, (0 to +10.23V and parallel (includes —25°C to +85°C —25°C to +85°C +5V, 50 mA
10 bit successive optional) binary, com- settling
approximation, plete pulse time)

with internal clock
and reference

Other solid state function modules available for: precision
voltage / current amplification, linear-log conversion, sin/cos
generation, absolute value, D-A conversion, Binary -BCD con-
version, coordinate rotation and transformation subsystems.

Contact our applications engineering department to discuss your requirements.
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Consumer electronics

Color television scores
big gains with small screens

Sales are outpacing those of monochrome sets as the industry
prepares to unveil its 1969 lines; among the improvements in store
are brighter picture tubes, AFT circuits, and even smaller portable receivers

By John D. Drummond

Consumer electronics editor

Color-television sets are outselling black-and-white
receivers this year for the first time. Unit sales of
color sets are up about 16% from the 1967 level,
while black-and-white sales are just about holding
at the year-earlier pace.

Why the swing to color? There are many reasons,
obviously. Lower prices on smaller sets are surely
a major cause—though big sets now cost more than
they used to. Another important factor is the in-
crease in color programing. Technical advances
can’t be overlooked here, but it must be rated as
probably the least significant sales factor.

Not that there haven’t been some basic improve-
ments in color-tv circuitry during the past year or
so. Most sets now automatically degauss them-
selves when theyre turned on—a particularly
important feature if a set is moved from its original
installation position.

Some color sets offer preset fine tuning, elimi-
nating the need to reset the tuning control every
time channels are switched. And a few of the high-
priced 1968-model receivers are equipped with
automatic fine tuning to correct misadjustments by
the user and tuner drift.

The latest phosphors are producing truer colors
than were possible a short while ago, and pictures
are generally brighter, too. Manufacturers are now
going to solid state in color demodulators—the
circuits that extract color information from the com-
posite video signal—to improve linearity. Not only
are the color tubes better this year, but their price
tags are down a bit from 1967 levels.

And the transistor is taking on an increasing num-
ber of color-set functions—a trend that’s enhancing
reliability and performance. In some cases, the
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move to transistors has reduced power consumption
by as much as 100 watts. Also to be noted is the
fact that some makers are using plug-in transistors
to simplify servicing. Still, about 80% of the sets
produced this year will be equipped primarily with
vacuum tubes.

The wide choice of screen sizes now available
doesn’t exactly reflect a technical breakthrough,
but it certainly has helped boost sales. The big
sales surge this year is in small-screen and portable
color models.

Bustin’ out all over

The new year comes early in the tv industry—
this month, to be exact. About 90% of the 1969
models are due for a June debut.

General Electric, which has had the color-
portable market pretty much to itself with its
Porta Color 10V”" (10-inch viewable diagonal) line,
will run into some stiff competition from both
foreign and domestic producers beginning this
summer. Sony’s much-heralded 7V” receiver with
the company’s Chromatron tube will soon be on
the market, as will Toshiba’s 11V” and two port-
ables from Matsushita—a 12V” to be sold under
the Japanese firm’s Panasonic label, and a 15V”
that will be marketed here by Packard-Bell.

Among the new portables due from domestic
producers will be 14V” and 16V’ models from
RCA, and 14V” units from Zenith and Motorola.
GE will add several 14V” sets to its portable
arsenal, while Admiral and Westinghouse will
introduce 16V” and 18V” models. It should be
noted that most of these “domestic” products will
be made in overseas plants.
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Prices generally won’t differ much from the 1968
list for sets now on the market. The lowest tag will
remain the $199.95 GE is charging at the low end
of its Porta Color line, according to industry
insiders.

For the money, though, there will be some
improvements, chief of which will be the inclusion
in nearly all new color séts of an automatic fine-
tuning circuit.

Good color reproduction is possible only when
the r-f local oscillator is at the frequency that places
the video i-f signal at the midpoint of the inter-
mediate-frequency bandpass curve—or at 45.75
megahertz with properly aligned i-f stages. This
delicate tuning adjustment is hard to make manu-
ally; hence the need for automatic fine tuning
(AFT).

Fine tuning

An AFT circuit develops a d-c correction voltage
that is applied to a control transistor stage in
the local very-high-frequency oscillator. The trans-
istor acts as a voltage-dependent capacitor here,
so that as the correction voltage varies, it corrects
the oscillator frequency and compensates for tuning
errors and frequency drift.

In the typical AFT circuit shown below, the
video i-f signal is sampled in the tuned circuit
made up of L; and L. This circuit is adjusted to
form a bandpass that peaks at 45.75 Mhz. When
the video carrier falls below that halfway mark on
the i-f curve, the set’s fine tuning is misadjusted
and the sound interferes with the picture. If it

Screen sizes

Most set manufacturers are now
specifying the viewable diagonal
measurements (V”) of television
screens, though some still give
over-all diagonal measurements as
a sales ploy.

An area of 60 square inch and an
over-all diagonal of 11 inches trans-
lates into a 10V” screen. A 70-
square-inch color screen with a 12-
inch over-all diagonal is called an
11V”, but a 71-square-inch mono-
chrome screen with a 12-inch over-
all diagonal is a 12V”, And so on
up the scale.

moves above the midpoint, its frequency is too low
and the picture is smeared.

The i-f signal at L. is amplified by Q. and
applied to transformer T;, which is adjusted for a
typical discriminator “S” curve. Diodes D; and D,
conduct to develop a correction voltage only when
there’s a difference between the frequency of the
signal across the secondary winding of T; and
the incoming video i-f carrier signal. The correc-
tion voltage is then applied to Q,, operating as a
d-c amplifier. A temperature-compensation diode,
D3, minimizes variations in the output voltage
caused by temperature changes. No correction volt-
age is developed if the i-f carrier holds at the
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AFT circuit. Basic circuit for r-f oscillator frequency control can be used to automatically fine
tune a tv set for proper color reception. Meter circuit, Qi, indicates tuning errors.
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45.75-Mhz point.

A tuning meter can be used to indicate an adjust-
ment of the fine tuning control. In the circuit
shown, the video i-f is rectified by Ds and applied
to the base of Q;. As the signal on Q, varies the
collector current, the tuning meter responds accord-
ingly. When the receiver is fine-tuned in its proper
position, the collector current produces maximum
deflection on the meter.

An interesting variation on this basic system
is employed by Westinghouse. The cathode-ray-
tube screen is used to give the viewer a precise
indication of the degree of mistuning; he simply
observes the separation between two vertical lines
produced on the screen by a flip of a test switch.
One of the lines, the reference, is stationary, while
the other is movable.

The reference line is generated during one pic-
ture field, the movable line during the next. The
signals generating the lines are a series of narrow
video gating pulses about 2 microseconds wide and
synchronized to the horizontal scan rate. A refer-
ence voltage sets the position of the stationary line,
while the position of the movable line is established
by a control voltage whose magnitude and polarity
are functions of the fine tuning control’s setting.

In the circuit that generates the control voltage
for the two vertical bars, the output of the last
video i-f stage is fed into a high-Q tuned circuit
slope detector whose center frequency is set
to position the i-f picture carrier frequency at the
midpoint on the curve. The slope detector’s output
reflects variations in the carrier frequency above
and below the 45.75-Mhz point.

Following the slope detector is a buffer amplifier
and peak detector to supply the d-c control voltage.
A video peak detector is also included to compen-
sate for any variations in the picture carrier level
and to ensure that the d-c control voltage reflects
only frequency variations. The detector monitors
the picture carrier and produces a reverse polarity
d-c voltage that, added to the slope detector output,
keeps the control voltage constant.

At least two novel remote control units have
been announced for the 1969 line. One from Motor-

FINE TUNING CONTROL
ADVANCED TOO FAR
COUNTERCLOCKWISE
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————
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LINE LINE

CORRECT
TUNING
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ola uses solid state “memory” modules with the
stop-and-hold capability to control color, tint, ;md
volume. Said to be the first remote control circuit
to perform continuously variable functions without
motor-driven potentiometers, the unit reverts to
conventional motor drive for channel selection.
Primary power is applied by relay action.

The solid state portion of the Motorola control
includes a neon lamp that acts as an electronic
switch and serves to isolate the timing circuit from
the external charge circuit when the function
switches are open. The closing of any switch causes
the lamp to conduct and thus to vary the charge
on the timing capacitor. An insulated-gate field
effect transistor amplifies the control signal to the
desired level, and this signal varies the voltage level
of the controlled circuits through variable-gain
amplifiers in the tv receiver.

A color remote control system from Heath
employs as many as seven stepping relays with
associated transistor circuitry to perform the func-
tions of power switching and channel selection as
well as to control volume, color, and tint. The
Heath circuit can be adapted to any of the com-
pany’s present color sets.

On the black-and-white side of the fence, lack
of technical innovation is not deterring makers
from producing sets for a dwindling market. Here
again, portables are the big sellers. Prices on the
1969 models will range from the $69.95 Admiral
is listing for its new 9V” receiver (GE will charge
$79.95 for a set with the same size screen) to the
$150 Motorola will get for a 12V” set. Several 15V”
models will also be available in time for the
Christmas rush, but Matsushita Electric will steal
the monochrome show this year with a new 2V”
integrated-circuit set expected to be priced at about
$200.

In a bind

Except for the increased use of simplified cir-
cuits that cut cost—and performance, too—black-
and-white designs haven’t undergone any major
changes since the introduction of the first American-
made all-solid state receiver by Philco in 1959; this

FINE TUNING
CONTROL ADVANCED
TOO FAR CLOCKWISE

o

LINE
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Visual fine tuning. This variation by Westinghouse on a basic AFT circuit presents an on-screen indication
of the degree of mistuning by the spacing between movable and stationary lines.
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Solid state deflection. Horizontal deflection circuit developed by Amperex for a large-screen,
all-transistor black-and-white tv sets operates directly from off-the-line 130-volt power supply.

was a battery-operated set with a magnified 5-inch
screen. Designs are frozen because producers have
arrived at what they consider an acceptable level
of performance in each price range.

Also, further circuit simplification invariably
hurts picture quality. This was borne out in the
recent attempt by GE’s tube division to get set
makers to design a receiver that could be sold at
retail for under $50. The GE scheme involved a
five-tube arrangement with ultrasimplified circuitry.
Called the “4 4- 1”—there were four compactrons
and one high-voltage rectifier—the set combined
sync clipping and separation in a single function,
used a self-oscillating horizontal scanning circuit in
place of a discrete horizontal oscillator, and em-
ployed a single i-f stage and single video amplifier
stage.

The demonstration receiver built by GE is unim-
pressive: it has poor sensitivity even within strong
signal areas, poor resolution due to its extremely
narrow i-f bandpass, poor contrast range due to
insufficient video amplification, and poor picture
stability. GE admits that no set maker has com-
mitted itself to produce the 4 4 1.

In another cost-reduction scheme, Amperex Elec-
tronic last October introduced two devices de-
signed to eliminate the need for expensive trans-
former power supplies in all-transistor large-screen
sets. The first is a high-voltage transistor, design-
ated the A705, with a collector-base breakdown
voltage of 1,400 volts when operated with a B+ of
130 volts. The other is a silicon high-voltage rec-
tifier, the A75, that can handle at least 20 kilovolts.
Conceding that the A75 is more expensive that its
vacuum-tube counterparts, Amperex says the price
would go down with volume orders.

The simplified circuit above shows the sug-
gested hookup for the horizontal-output and high-
voltage stages. Amperex built and demonstrated
a receiver using this circuit design, but a re-
cent poll of major set makers indicated only
limited interest in it. At least two makers expressed
a reluctance to rely on a single source of supply for
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the high-voltage A705 transistor.

Delco Radio offers a similar device—the DTS-402
—for the horizontal deflection circuit, but it’s rated
at only 1,200 volts.

An important point made by several set makers
is that although transistorized large-screen re-
ceivers may be cheaper to produce after develop-
ment costs are defrayed, tube sets are less costly
at present. However, manufacturers are sampling
solid state voltage multipliers and high-voltage
rectifiers from Varo, Amperex, Motorola, and
others.

Microscreens

While domestic producers continue to con-
centrate on getting larger screens in monochrome
portables, Japanese set makers are following their
traditional road to miniaturization. The first
evidence of a microscreen set came last year when
Sony unveiled a prototype with a 1%2-inch screen
at the Consumer Electronics Show. Although the
company insisted at the time that it hadn’t decided
on definite production plans, the latest report from
Japan is that these sets are presently in full-scale
production.

Sony’s venture is now being seconded by the
2-inch set from Matsushita Electric. In this model,
eight hybrid integrated circuits perform all the
functions of the video i-f, the video amplifier and
output stage, the sound i-f amplifier, the audio
amplifier and video automatic gain control, the sync
separator with horizontal amplifier and automatic
frequency control, the vertical oscillator and out-
put stage, the horizontal oscillator and output
stage, plus the job that would be handled by an
active power-supply filter with automatic voltage
regulation.

Matsushita says it chose hybrid circuits over
monolithics to get greater design flexibility at less
cost for small production runs. The IC’s contain
metal glaze resistors as well as semiconductor and
capacitor chips fabricated on a ceramic substrate.
There are 34 transistors and five diodes in the IC’s.
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Remote control circuit. Continuously variable functions are handled by a ‘“memory’”’ module developed by
Motorola. The neon lamp serves to isolate the timing elements from external circuitry when a function

switch is open.

The receiver that will be introduced this year
can only get stations in the vhf band. But Mat-
sushita is working on a uhf tuner it says will be
ready for the U.S. market next year. Both tuners
feature varactor-diode tuning; the vhf unit has
three such diodes.

The high-voltage section contains a tiny flyback
transformer that accepts 40-volt pulses from the
horizontal output stage, steps them up to around
400 volts, and delivers them to a multiplier circuit.
This multiplier boosts the pulses to the 5,000-volt
level required by the picture tube. The tube’s

screen size is actually only 1.5 inches across its
diagonal; a magnifying glass is used to obtain the
2 inches.

The set operates from four rechargeable nickel-
cadmium cells whose output is regulated at 5 volts.
The total current drain—1.25 amperes—makes for
a total continuous playing time of two hours. The
receiver, with battery, weighs 1 pound, 6 ounces.

Toward solid state

Among the new devices applicable to both color
and black-and-white receivers is a solid state high-

Video tape recorders

When Sony introduced a $995
(less camera) home video tape re-
corder in late 1965, it created con-
siderable excitement among deal-
ers. But sales have so far been
disappointing.

The fact that vtr’s cost so much
more than home movie systems is
the major reason for consumer in-
difference. On the other hand,
since most top-of-the-line color-
television combinations and some
high-fidelity sound systems are
priced in the same range, the ex-
perts are trying to determine what
other factors, if any, are keeping
the customers away.

A spokesman for Matsushita
states that less than 1% of the
company’s  nonprofessional-type
vtr’'s are sold as home entertain-
ment equipment. And an Ampex
spokesman explains that “with the
public attuned to color, mono-
chrome vtr’s, like black-and-white
home movies, aren’t going to cre-
ate any excitement.”

Expensive hobby. Nor can the
high vtr operating costs be over-
looked. On the average, the price
of an hour’s show is $40 for half-
inch tape and $60 for 1-inch tape.

The nonprofessional-type video
tape recorder employs the helical-
scan principle. Longitudinal-scan
(fixed head machines) aren’t being
produced at the present time, al-
though three firms—Arvin Indus-
tries, Newell Associates, and Wins-
ton Research—say they will have
fixed-head vtr’s on the market late
next year or early in 1970.

Helical-scan recorders are pro-
duced in the U.S. by Ampex and
the International Video Corp.
Nearly all other private labels are
made in Japan. GE’s recorders are
made by Sony, and Concord Elec-
tronics gets its from Matsushita.
Other domestic labels—Bell &
Howell and rca, for example—buy
their recorders from International
Video. Sony and Matsushita, as
well as Norelco, produce and mar-
ket recorders under their own
brands.

Demanding. Most video record-
ers aren’t self-contained; they have
to be operated with a receiver for
off-the-air recording and with a
playback monitor. This calls for a
rather elaborate setup beyond the
technical skills of most consumers.
So far, no one has produced a
portable home recorder for outdoor
use. GE is marketing a Dbattery-

operated recorder that weighs only
15 pounds—including camera—but
this system requires a separate
playback unit; the whole setup
sells for $2,200.

There’s one exception to the
higher prices on vtr’s. It’s Arvin
Industries’” cvr-xx1, which will
start rolling off the assembly line
late next year. Employing a longi-
tudinal scan principle, the unit
serves both as a standard color tv
receiver and a recorder. It will be
priced between $1,000 and $1,500,
and will be capable of either direct
off-the-air recording or live record-
ing from a black-and-white or color
camera.

Other color vtr’s being offered
include: Ampex’ model 7500-C,
which is priced at $4,495 plus
$695 for a color monitor/receiver
for off-the-air recording and play-
back display; International Video’s
1vc-800 recorder, priced at $4,700
and requiring a monitor costing
$935 and a receiver; Sony’s Ev-210
with a cLp-1 color attachment,
priced at $4,550 plus $1,150 for
a color monitor/receiver; and Mat-
sushita’s  Panasonic  ~Nv-204C,
priced at $4,250 plus $1,750 for
the required color adapter and
monitor.
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voltage rectitier rated at 25 kilovolts and higher.
Developed by Motorola and due for a summer
debut in the company’s 1969 color sets, the all-sili-
con rectifier combines a large number of series-
connected diodes in a single plastic package
designed for plug-in mounting.

With its new rectifier, Motorola becomes the first
set maker to produce an all-solid state large-screen
tv set—black-and-white or color.

To replace the standard vacuum-tube rectifier
with the low-capacitance solid state device, the
horizontal output transformer must be designed
with high stray capacity if optimum tuning of the
horizontal frequency third harmonic is to be
achieved. A comparison of the tube and solid state
circuits is shown below.

Economics rather than technology appears to be
the major factor keeping set producers other than
Motorola from employing a greater number of tran-
sistors. But Motorola’s director of television engi-
neering, Richard A. Kraft, while conceding that it
costs more to produce an all-solid state color set,
asserts that the increased reliability far outweighs
that added expense. “We now plan to commit
perhaps as much as 50% of our color line to the all
solid-state concept,” he says.

Some small-screen portable color sets, especially
the imports due from Japan, will be solid state
throughout, except, perhaps for the high-voltage
rectifier. But larger-screen models—18V” and up—
will be of hybrid or vacuum-tube design.

William T. Buschmann, Sylvania’s marketing
vice president estimates that only 3% of all color
sets produced this year will be all-solid state.
He estimates that 14% will be of the hybrid variety
with the rest using tubes.

Sylvania itself is moving towards a greater use
of transistors in its color line. Last year, for
example, the D12 chassis installed in most of the
firm’s 23-inch sets had 17 vacuum tubes and 19
transistors. The updated chassis for the 1969 line
contains only nine tubes—all in the deflection cir-
cuit—and 28 transistors.

Sylvania’s top entry in the high-priced field is a
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combination color-tv set and slide projector [Elec-
tronics, May 13, 1968, p. 42]. The photographic
slides are rear-projected on the set’s screen by a
flying-spot scanner. Another development due from
Sylvania—but probably not this year—is a tv set
that can be used to display color movies in the
home.

Meanwhile, some vacuum-tube producers are
trying hard to reverse the trend to transistors. At
this month’s Spring Conference on Broadcast and
Television Receivers in Chicago, GE will introduce
an all-tube color set called the “8 4 1”. Like its
black-and-white counterpart—the 4 4 1—the 8 4+ 1
is designed to sharply reduce costs. The set uses
eight compactrons plus a high-voltage rectifier and
a 10V” color tube. Costs are cut by eliminating the
vertical output transformer and by using a direct-
drive vertical deflection circuit, a self-oscillating
horizontal output tube, and a two-stage video i-f
amplifier combined in a single compactron. All of
these components are mounted on a standard Porta
Color tv chassis.

Tuners

There’ll be no major tuner innovations in the
initial 1969 models, but the middle-of-the-run units
produced sometime early next year will have new
tuners. These will be combined uhf/vhf tuners
with either detent or slide-rule uhf tuning with
band-spread features. There will also be a Sylvania
unit that uses hot carrier diodes in the mixer
circuit. And we're in for some form of electronic
tuning, too, including both uhf and vhf varactor-
diode tuners from Matsushita. Similar tuners are in
use in a number of European sets, although U.S.
producers say that considerably more field testing
and improvements are needed before the electronic
tuners can find a place in the domestic market.
All-solid state tuners are available and will be
used in increasing numbers, although the vacuum-
tube camp insists that they’re plagued with cross-
modulation problems.

Integrated circuits will continue to be used in
the sound section, but, for the time being at least,

High-voltage rectifiers. By switching to the solid state design at the right, Motorola Has eliminated the
filament winding required in the flyback transformer of the vacuum-tube setup at left.
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Hi-fi

There are few surprising sounds
in store for hi-fi buffs this summer.
For having succeeded in develop-
ing all-solid state audio amplifiers
with enough power to shred speak-
ers, burst eardrums, and shatter
windows, audio engineers are now
concentrating on less audible fea-
tures.

They talk of better stereo sep-
aration and of lower capture ratio
—the measure of a receiver’s abil-
ity to reject interference. In an
industry that now speaks only in
terms of solid state designs, adver-
tisements boasting of field effect
transistor front ends, or integrated-
circuit i-f amplifiers are no longer
impressive.

The trend continues toward all-
in-one stereo receivers lumping to-
gether tuner, phono preamplifier,

and power amplifier. William F.
Glaser, sales manager of H.H.
Scott, estimates that these f-m
stereo receivers account for about
60% of hi-fi industry sales, com-
pared with not more than 18% for
the separate-component sets.

Small package. Next in popular-
ity is a compact music system that
puts a record changer or tape re-
corder and an f-m receiver in the
same cabinet. Designed to fit in a
small space, it accounts for about
20% of the industry’s sales.

The latest automatic turntables
track at 1 gram or less and protect
against “skating.” Speakers are
generally smaller and more effi-
cient, though some audiophiles in-
sist that large speakers achieve
higher efficiency with less driving
power from the amplifier. With the
power available from present solid
state amplifiers, however, the trend

towards smaller speaker systems
should continue.

At the front. Except for the
Marantz Co.’s model 18, which
will retain the Schottky-barrier di-
ode mixer in its front end, the
latest f-m stereo receivers will fea-
ture FET front ends. But solid state
filters will begin to replace conven-
tional i-f transformers in higher-
priced receivers. First used by the
Heath Co. in its AR-15 receiver,
the filters are going into the sTR-
6060F Sony receiver this summer.

Integrated circuits will dominate
in the i-f strip and the f-m de-
tector and limiter. Built-in elec-
tronic crossover circuits will also
appear this summer or fall, as will
integrated operational amplifiers in
stereo receivers. And H.H. Scott
will unveil an a-m/f-m stereo sys-
tem featuring a patented autodyne
oscillator circuit.

they will make very little headway in other areas.
For all the talk about the benefits of IC’s in the
video i-f, the theory won’t be tested to any extent
until microcircuits producers come up with a single
device that can provide the needed 70-db gain
with an automatic gain control range of at least 60
db. This seems a long way off since present tech-
nology has been unable to produce chips with gains
of more than 50 db. As for video amplifiers, most
of them put out from 2 to 3 watts to drive the pic-
ture tube—far beyond the capability of monolithic
IC’s.

But IC prospects are exepected to change drasti-
cally next year, now that Texas Instruments’ joint
venture with Sony has been approved by Japan’s
Ministry of Trade and Industry. This approval
opens the way for the licensing of Japanese IC
makers, and such giants as Mitsubishi, Nippon
Electric, Toshiba, Hitachi, Sony, and Matsushita
are reportedly ready to sign up. The Japanese are
proven leaders in microminiaturization, and
domestic set producers fully expect their entry into
this field to result in new product designs.

Sony’s single-gun Chromatron color tube, which
created much excitement at last year’s Consumer
Electronics Show, will appear in modified form in
the company’s 7V” color sets. The new design
combines the Trinitron gun with the old Chroma-
tron grid structure.

Trinitron

Also new from Sony will be a 12V” color set
using the single-gun, three-beam Trinitron tube
[Electronics, April 29, p. 145]. Unlike the Chro-
matron, which uses a grid-like structure to replace
the conventional shadow mask, the Trinitron has
an aperture grill made up of an array of vertical
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slots positioned in front of vertical phosphor strips
on the picture-tube face. The three separate beams
used to excite the red, blue, and green phosphors
are directed by five control grids.

The principal feature of the Trinitron is that it is
self-converged; there’s no need for converging mag-
nets on the picture-tube yoke or any complex
dynamic convergence circuitry. Sony says the tube
uses one-third the number of parts required for a
three-gun arrangement, yet produces a beam cur-
rent more than 50% higher than those generated
by conventional tubes of the same size. The result,
says Sony, is a sharper and brighter picture than
that produced by the shadow-mask tube.

Sylvania last February introduced a color pic-
ture tube called the Color Bright 85. Most set
producers who have sampled the unit agree that it’s
brighter than all previous color tubes, as claimed
by Sylvania, and does produce more vivid cblors.
The Color Bright 85 employs a newly developed
electron gun that is said to improve resolution
while reducing the color fringing that can result
from out-of-shape electron beams.

Sylvania is using the new tube in all its own
color sets and has discontinued production of the
europium “rare earth” picture tube introduced in
1964. Will most set producers switch over to
Sylvania’s color tube to stay with the competition?
Not necessarily, according to the chief engineer at
a major Midwest producer. He points out that
brightness, like hue, is a relative quantity; it’s
difficult for a viewer to tell the difference between
pictures produced with different tubes unless
they’re compared with identical control settings
under the same lighting conditions. Regardless of
the merits of Sylvania’s tube, therefore, it isn’t
likely that it will appear soon in rivals’ sets.
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% CERRO-FLEX"Flat Cables and Circuits

e P

CERRO WIRE & CABLE CO. |  cpxno-rexs

CTB
oivisiON OF OIRIOGOBPOBATKON PRODU

N POST RD.
TECHNICAL 330 BOSTROOK, CONN.
SERVICE k9 J88-4676

DEPARTMENT L

Get ideas here Get help here
on flexible cables. when you need it.

Our catalog on flat flexible cables and
printed wiring will show you how to cut the cost,
size and weight of your products. It will stimulate
your thinking about this modern way to

package electronic circuitry.

A Cerro-Flex® Technical Man can help you design
your flexible circuit and fulfill your needs from
our modern plant.

Send today for a copy of the Cerro-Flex Flat
Cables and Circuits Catalog.

- - —— - - - ' - - - -

Cerro-Flex Products, Cerro Wire & Cable Co.
330 Boston Post Road, Old Saybrook, Conn. 06475

Gentlemen:
[] Please send me a copy of

* Cerro-Flex Flat Cables and
Circuits.”

[J Please have a Cerro-Flex Tech-
nical Man call.

CERRO

WIRE & CABLE



how fine
IS 8
fine
screen?

At Buckbee-Mears it can have
4,000,000 holes per square inch

(INSET ENLARGED 200 TIMES)

144

Whether your requirements for fine mesh
screens are electronic, optical, or purely
mechanical, you will find what you want at
Buckbee-Mears.

The 4,000,000 holes per square inch we
illustrate above is a standard product, the
finest of our electroformed mesh. Buckbee-
Mears electroforming produces screens with
5 to 2000 lines per inch in nickel, copper,
gold or silver. They are used as sieves in
various kinds of fine particle sizing and as
parts of many electronic tubes.

Other screens to almost the same degree

of fineness are made by automatic photo-
etching on continuous rolls of stainless steel
up to 24 inches wide. Applications include
centrifuges used in food processing, fine
filtering of canned draft beer, synthetic fiber
production, automatic coffee makers and
aperture masks for all color TV sets.

Make us prove our capabilities. Ask us to
have a trained technical representative tell
how we would solve your problems. Call or
write Bill Amundson, industrial sales man-
ager.

Circle 273 on reader service card

BUCKBEE-MEARS CO.
245 E. 6th St., St. Paul, Minnesota 55101 / (612) 227-6371

The world leader in precision photomechanical reproduction
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SCREENING

PART OF IRC’'S TOTAL INVOLVEMENT
IN COMPONENT RELIABILITY



SCREENING-

where it fits and what you can expect

Over the years — particularly since the Minuteman
Program—IRC has established a capability and flexi-
bility to answer a variety of reliability requirements.
IRC’s involvement covers all approaches to reliability.
Screening, currently much in demand, is but one of
these approaches.

MANY ROUTES TO RELIABILITY

The importance of reliability in resistors, potentiom-
eters, and semiconductors is well recognized and ac-
cepted. Less understood, however, are the methods by
which component reliability is achieved. Each method
represents a trade-off of one kind or another.

Properly applied, each must be carefully weighed
against the design and cost characteristics of a particu-
lar application.

The best method of achieving component reliability is
to design it in. The basic design, materials, and manu-
facturing process are selected to achieve an estimated
maximum failure rate under a given set of stress lev-
els. Economy in materials and process becomes a low
order of priority. While first costs rise, life cycle costs
decrease.

Moving first-cost consideration farther up the scale

leads to an approach based on rigorous control of the
manufacturing process. Extensive raw material con-
trols, coupled with multiple process control checks, are
established to achieve improved reliability.

As first costs move still farther up the priority scale, we
come to screening. With 100% screening, users have, in
most situations, an acceptable level of reliability com-
bined with economic practicability. IRC has the unique
capability of being able to perform virtually any type
of screening test on a production basis.

WHAT SCREENING ACCOMPLISHES

Screening is 100% non-destructive testing to a prede-
termined level of stress. Its purpose is to detect, and
eliminate, those devices which are prone to early fail-
ure. The test is successtul in reducing failure rate only
to the extent that the selected screening test actuates
the mechanism responsible for early failure. Obviously,
the result depends largely on the selection of the test.
Less obvious, but inescapable, is the fact that the failure
rate after screening is a function of the failure rate be-
fore screening.

ECONOMIC CONSIDERATIONS OF SCREENING
VS TEST OBJECTIVES

The cost of screened parts is affected by the number
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and types of tests and the level of reliability desired by
the user. The choice of a screening test, or a battery of
tests, represents a trade-off between the additional re-
liability gained compared to the additional cost of the
screening tests.

There are two basic costs associated with screening
tests.

1. Actual cost of conducting the test. This is a function
of the time, equipment, and labor involved. For exam-
ple, a stress test at room temperature requires less costly
set-up than the same test at elevated temperature.

2. Fall-off, or loss of units due to the test. This is a func-
tion of test efficiency and test effectiveness. Using metal
film resistors as an example, these costs can be demon-
strated by a comparison of short-time overload and cur-
rent noise.

SHORT-TIME CURRENT
OVERLOAD NOISE
*Effectiveness 71 74
*Efficiency .65 .09
Inefficiency 35 91

Since effectiveness is a measure of the extent to which
screening tests improve the failure rate, it can be seen
that both tests reduce failures approximately 70%. Yet,
the relative inefficiency of the two tests is 2/2 times
greater for current noise than for short-time overload.
Stated another way, the current noise test rejected 2V2
times the number of good units,

KXY XN LW s o

Since the cost of both tests is approximately the same,
short-time overload is in this case a much more cost-
effective technique.

SCREENING TESTS AND LEAD TIMES

IRC is fully staffed and facilitated to perform screening
tests to all military specifications and to virtually any
specifications required by the user. IRC supplies com-
ponents, not test equipment. Therefore, where test spec-
ifications have not been established, we can provide
unbiased assistance in determining the most meaning-
ful screening tests for specific application needs.

Because of the many controls needed to assure the val-
idity of the screening test, production lead times may
be somewhat longer than for standard product line
parts. Lead times depend on the complexity and dura-
tion of the desired screen test. However, increased fa-
cilities and computerized test analyses enable IRC to
supply screened parts faster than anyone else in the
industry today.

WE WELCOME INQUIRIES

Like all IRC services, screening started with a customer
need. That need was for a more economical approach
to reliability in resistors, potentiometers, and semicon-
ductors. IRC invites inquiries on the cost, delivery, and
capability for 100% lot screening.

Inquiries should be sent to Vice President-Reliability,
IRC, Division of TRW Inc., Department 201, 401 North
Broad Street, Philadelphia, Pa. 19108.

*These terms developed by IRC to measure screening tests.
They are fully explained in our new applications handbook,
“AN ANALYSIS OF SCREENING.” Copy available on request.




IRC FOR TOTAL SCREENING SERVICE

RESISTOR SCREENING

Broadest resistor line in the industry.
Only IRC offers so many different
types to choose from . .. plus unbiased
assistance to solve virtually every ap-
plication or price problem.

« High reliability types

e Precision metal films

» Precision wirewounds

o Thick-film precisions

e Thick-film semiprecisions

« General purpose carbon composition
« General purpose wirewounds

» Power types

« Special applications types

TRIMMER SCREENING

Only IRC offers precision trimming po-
tentiometers in all four popular pack-
age shapes. Rectangular, square, round,
and miniature cube styles for military,
high-grade industrial, and commercial
applications. All are available in your
choice of infinite resolution or preci-
sion wirewound resistance elements.
And, only IRC offers hundreds of ter-
minals, adjustments, and mounting va-
riations to give you unequalled design
flexibility and economy.

SEMICONDUCTOR SCREENING

The same IRC also offers an exception-
ally large selection of zener diodes, sili-
con rectifiers, and silicon controlled
rectifiers. Military and industrial types
are available in a wide range of JEDEC
outlines. For low-cost applications,
IRC pioneered Poly-Sil plastic zeners
and rectifiers that feature rugged, solid
construction.

401 North Broad Street, Philadelphia, Pa. 19108

DIVISION OF TRW INC.




When you need data
about something too hot to handle

Call (716) 325-2000, Ext. 3257.
When you face a data collection
problem that seems beyond solution,
talk to one of our people about a
possible photographic solution.
Combustion studies, explosion
studies, impact studies are familiar
disciplines. Photographic procedures,
equipment, and materials to evaluate
them are readily available. Phenom-

~<—Circle 148 on reader service card

call Kodak

ena in inner space and outer space
are also being studied photographi-
cally with materials and methods de-
veloped by Kodak. Ballistic studies,
computer output, and similar high-
speed matters are being handled
photographically, too.

The large staff of photographic
engineers at Kodak is at your dis-
posal. As are many photographic

or too fast to see,

products for engineering and scien-
tific data photography using com-
puters and/or photographic imaging
devices. Let us work with you. Call.
Or, if you wish, write:
Instrumentation Sales,

Eastman Kodak Company, »
Rochester, N.Y. J
14650.
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Other manufacturers of Helium Leak Detectors

furnish spare tungsten filaments
with each unit.

7

General Electric doesn't.
Why?

GE’s thoria-coated iridium filament
now guaranteed for two years.

Maybe a spectrometer tube filament is only a
$15 item. But when one burns out every couple
of weeks—shutting down the machine, to say
nothing of the line—it can get pretty expensive.

General Electric’s thoria-coated iridium fila-
ment is the only one on the market that’s guar-
anteed—and for two years at that. On top of
that, we offer three-way micro-second burnout
protection that cuts our filament off faster than
anybody else’s.

But burnout protection is only part of our
story. We'd like the chance to tell you about
our models’ constant sensitivity; their reliable,
long-life, solid-state circuitry; their ease of opera-
tion and servicing; their all-welded stainless steel
high-vacuum system.

And then some. Check the reader service
card, or write us direct for full particulars on
models LC-10 or LC-20—manual or fully auto-
matic. We have a product we’re proud of.

VACUUM PRODUCTS BUSINESS SECTION

GENERAL @ ELECTRIC

SCHENECTADY, N.Y. 12305

Circle 150 on reader service card
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Flapjacks ready to serve.

Now, designers have a new, low pro-
file and lightweight connector to work
with: the ITT Cannon KJ connector —
flat as a flapjack. Size and weight are
cut by 50% or more. But not the per-
formance — it meets the physical, envi-
ronmental and electrical requirements
of MIL-C-38999 (connector) and MIL-C-
39029 (contacts).

KJ features you can get your teeth
into:
= High density (contact centers to.090")
= 8 shell sizes: 10 thru 24 — a variety of

Circle 151 on reader service card

shell styles

= 33 layouts

= Layouts up to 128 contacts

= Contact sizes: 16, 20, 22, 22M

= Wire sizes: 16 thru 28

= LITTLE CAESAR® rear release con-
tact-retention system

= Bayonet coupling (captivated with
positive full-mate indicator)

= Five-Key polarization with alternate
positions

= Temperature range from —65F to
+392F

= Betterperipheral,interfacialand grom-
met seals
So where size, weight and reliability
are the prime factors, such as aircraft,
missiles and advanced electronics, con-
sider ITT Cannon your prime source for
quality in miniature circular connectors.
For our KJ-1 catalog write ITT Can-
non Electric, 3208 Humboldt Street, Los
Angeles, California 90031. A Division of

International Tele- .
phone and Tele- &
graph Corporation. ™=

cannon LT'T




when you need SPEED CONTROL

ELECTRO has the components

you need for a customized system

ELECTRO SPEED CONTROLS can handle an infinite variety of condi-
tions and requirements for turbines, generators, lathes, presses and other
production equipment. ELECTRO magnetic pickups or proximity switches
can read speeds of ferrous or non-ferrous gears, pins, blades, cams, fins and
other moving mechanisms. ELECTRO has both the broad line and broad
experience to help you put together the speed control system that exactly
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ELECTRO

Transistorized
Tachometers

ELECTRO

Under-Frequency
Controls

ELECTRO

Magnetic Pickups

ELECTRO

Proximity Switches

SEND FOR the details on these

control system elements for new or
existingequipment. Justask for
“ELECTRO SPEED CONTROLS."

Circle 152 on reader service card

meets your needs.

Model 7120-E
Model 7120-C

ELECTRO-TACH indicating/controlling
tachometers available for speed ranges
up to 100,000 RPM. Frequency-sensitive
circuits accept input of ELECTRO mag-
netic pickup or proximity switch. Pre-set
limits may be high, low or both with auto-
matic or manual control relay release.

Activate warning lights and alarms or cut
off power as protection for equipment-in-
motion. Input supplied by ELECTRO mag-
netic pickups or proximity switch (for
extremely slow motion). Can be wired for
either under- or over-speed control. Four
models give adjustable frequency ranges

Model 3441

from 0.1 to 10,000 cps.

Sleife =

Model 3075
Magnetic Pickup

Model 4943-A
Sensing Head

Sense ferrous and non-ferrous
metals without contact. Model 55.122,
Transistorized Control Amplifier,
(illustrated) provides fixed-value,
step voltage pulse input to ELECTRO
under-frequency controls and ta-
chometers. Permits frequency de-
tection with counters at visibly
imperceptlble speeds.

Selection of 12 standard sensing
heads, includes miniature and sub-
miniature models for restricted-space
mounting. Sensing ranges to 2" +.

Under-Frequency Control

Capable of detecting motion up to ex-
tremely high speeds without physical
contact. Activated by ferrous metal inter-
rupting the magnetic pickup’s magnetic
field, output is digital frequency and
analog voltage. Economical because no
additional amplification is needed.

ﬂzoé&ooooo‘oﬂg

-!”“

Model 55.122
Control Amplifier

B B Qe B 0™

SPEED CONTROLS

ELECTRO PRODUCTS LABORATORIES, INC.
6125.Y Howard Street, Chicago, lllinois 60648 * 312/647-8744
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Anti-snivet tube,for color
with low B+ operation

now available with the
popular 12-pin base.




20A,1000V
Avalanche

rectifiers
iInDO-4...

...part of a range covering 2:5A
to 20A general purpose
and 7-5A fast recovery types

y 'S 36 different types, including 8 new high-frequency
~embe devices. Normal or reverse polarity. Allin the popular
W DO-4 encapsulation—the smallest internationally
recognised rectifier outline. Here are brief details—
= ~7.5A High-frequency series The BYX30avalanche
series offers low stored charge and the ability to absorb
transients without damage. Operation up to 50kHz (sine-
wave), without derating, is indeed possible.

New 2.5A series The robust, low-cost BYX38
series, for general industrial use, includes 300, 600, 900 and
1200V types.

New6A and 20A Avalanche series The 6A,BYX39
and 20A, BYX25 series are extremely competitive on an
amps/volts per dollar basis. Working voltages of 600, 800 and
1000V are offered, which make them ideal for use in high-
voltage supplies. They are also produced in stack form for
this type of application.

All current ratings I gy at Tsy,q 125°C.

154 Circle 154 on reader service card

New 10A economic series Theinexpensive BYX 42
range with voltage ratings of 300V, 600V, gooV and 1200V.

Every designer should have a copy of the Mullard
Broadsheet which covers rectifiers, as well as thyristors, stacks
and modules. Also ask to be put on the mailing list of the
Mullard Bulletin—a regular publication which gives details of
new components and applications . . . the result of extensive
research and development programs in the Mullard labora-
tories in England. Mullard employ 1000 qualified scientists
and engineers and have six major plants, with over 3 million
square feet of floor space.

Werite today for information on Mullard rectifiers,
and for the name of your local Distributor.

Mullard Limited, Mullard House, Torrington
Place, London WCi, England.

U.S.A. enquiries to Mullard Inc., 100 Finn Court,
Farmingdale, Long Island, New York 11735, U.S.A.
Telephone: (516) 694-8989 Telex: 961455.

Mullard
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Here’s the most foolproof volt-ohm-milliammeter
ever made. Protection approaches 100%. It’s the
VOM you will want to have on hand where inex-
perienced people are running tests ... or will reach
for yourself on those days when you’re all thumbs.
The 260-5P will save you all kinds of headaches from
burned out meters and resistors, bent pointers,
and inaccuracies caused by overheating.

Combined Protection You Won't Find

In Any Other VOM

1. Reset button pops out to indicate overload.

2. Youcannot reset circuits while overload is present.

3. Protective circuit does not require massive over-
loads which can cause hidden damage to the
instrument.

4. All ranges are protected except those not feasible
in a portable instrument—1000 and 5000 volts
DC and AC; 10 amp DC.

DIVISION

aifeseas

oO-SP
ONLY $94.00

Write for Bulletin 2078

Ranges—The 260-5P has the same ranges and takes
the same accessories as Simpson’s famous 260-5
volt-ohm-milliammeter.

SIMPSON ELECTRIC COMPANY
5200 W. Kinzie Street, Chicago, lllinois 60644 « Phone (312) 379-1121
Export Dept: 400 W. Madison Street, Chicago, lllinois 60606, Cable Simelco

IN CANADA: Bach-Simpson Ltd., London, Ontario

IN INDIA Ruttonsha-Simpson Private Ltd., International House, Bombay-Agra Road, Vikhroli, Bombay

WORLD'S LARGEST MANUFACTURER OF ELECTRONIC TEST EQUIPMENT

Electronics | June 10, 1968
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Tektronix Type 453
oscilloscope has

® 50 MHz Performance
® Dual Trace @ Delayed Sweep
@ Easy-to-Use Triggering

gnd-----it’s designed to be carried!

£ Don't- worry about

Pick it up and be convinced. The Type 453 ::g':::;gﬂ'&g:?; parel
weighs 28% pounds and is built to go

rotected by a cover that
~ when and where you go. 2h gty e.y“‘ L

Take it anywhere. The
rain/dust cover is a
standard accessory and
carries the complete
manual and optional

Take the Type 453
through tight places
easily . . . the vertical
carrying position

accessories.

The Type 453 is a portable instrument with rugged envi-
ronmental capabilities plus the built-in high performance
normally found only in multiple plug-in instruments.

The vertical amplifier provides dual trace, DC to 50 MHz
bandwidth with 7 ns risetime from 20 mV/div to 10 V/div.
(DC to 40 MHz, 8.75 ns T, at 5 mV/div.) The two included
Type P6010 miniature 10X probes maintain system band-
width and risetime performance at the probe tip—DC-50
MHz, 7 ns—with an increase in deflection factors of 10X.
You can also make 5 mV/div X-Y and 1 mV/div single trace
measurements.

The Type 453 trigger system takes the guesswork out of
triggering. Pushing all the lever switches up provides a
sweep and the most often used trigger logic. The sweep
triggered light gives the operator a positive indication of
a triggered sweep and the automatic triggering provides
greater usability.

You can operate the delayed sweep with ease. Lever con-

increases portability. viewing hood

trol to the right and HORIZ DISPLAY switch to A
INTEN DURING B gives delayed sweep operation. Set-
ting the B TIME/DIV and the DELAY-TIME MULTIPLIER
to meet your requirements and switching to DELAYED
SWEEP allows +1.5% delay measurements to be made.

The Type 453 is a continuation of the Tektronix commit-
ment to quality workmanship. Its design and layout make
it easy to maintain and calibrate. Transistors plug in and
are easily removed for out-of-circuit testing. An accurate
time (40.5%) and amplitude (+1%) calibrator permits
quick field calibration.

The front panel protection cover carries all the acces-
sories with the complete manual carried in the rain and
dust cover. The Type C-30 Camera and a viewing hood
that fits in the rain cover also are available.

Type 453 (complete with probes and accessories) . . . $1950.00
VP C-B0 CaMOTA s o el s s Tag s el s dh sl ek b $ 420.00
Collapsible ViewingHood . . . . . . . . . ... .. $ 750

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.
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... part of the Tektronix commitment

to technical excellence
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Probing the News

Integrated electronics

LSI still chases its press clippings

Solid progress is being made toward enlarging arrays, but acceptance
in the marketplace is slowed by both technical and economic hangups

“We're walking toward large-scale
integration, not running,” says Or-
ville Baker, vice president for prod-
uct planning at the Signetics Corp.
“There’s no demand for LSI, per
se; our customers talk to us about
functions and products. Perhaps
some day, we’ll look back on what
we accomplished and then pin a
name on it.”

Few in the electronics industry
are this blunt. But Baker’s exas-
perated outburst does underscore
a fact that many observers have
lately taken pains to point out:
LSI is an evolutionary, not revolu-
tionary, technology. And while the
market potential of large-scale ar-
rays is big, so are the technical and
economic problems.

Nonetheless, the concept of LSI
is having a profound impact upon
semiconductor makers and users
alike. Big money is being spent.
And fundamental changes are be-
ing made not only in production
techniques but in sales activities.

What'’s in a name? Clair Thorn-
ton, director of research and devel-
opment at the Microelectronics di-
vision of the Philco-Ford Corp.,
feels semiconductor houses may
well have mousetrapped them-
selves by making 100 gates per
chip an arbitrary standard for LSL
“Users bought this promotional
ploy, and we may just be stuck
with it,” he says.

In the same vein, Joseph Nola,
product planning specialist at the
Semiconductor division of Sylvania
Electric Products Inc., says, “I'm
disturbed by the pressure to put
a name on something at the ex-
pense of honest definition. The psy-
chology behind this is bad; LSI
isn’t best for all applications, no
matter how you define it.” Nola be-

Electronics | June 10, 1968

lieves that practical monolithic LSI
assemblies are two or so years
away since it will take that long
to produce well-defined specifica-
tions and develop standardized test
procedures. And even then, he says,
the larger-scale arrays are going to
carry fancy price tags because mak-
ers will find it necessary to write
off R&D expenses.

Room at the top. Neither is LSI’s
gain necessarily going to represent
another field’s loss. Samuel Harper,
who heads the microelectronics de-

velopment department at Honey-
well Inc.’s Computer Control divi-
sion puts it this way: “Each new
step in technology curtails the
growth potential of whatever it
replaces. But the replacement is
never complete. There are still
plenty of tubes around, and even
after LSI is established, integrated-
circuit sales will continue to in-
crease substantially.”

In general, both users and mak-
ers agree that computer-aided de-
sign is an integral and important

A little lexicon of LSI

The term “large-scale integration” has almost no specific meaning. What
you're talking about depends on whom you’re talking to.

Fairchild Semiconductor, for example, has advanced a philosophical defi-
nition: an Lst device, it says, is a complex array that requires two-layer
metalization and computer-aided design, and which in some way affects the
relationship between the maker and the buyer. But Richard Petritz of Texas
Instruments takes a tautological approach, describing rst as “a system of
technologies underlying products called integrated electronic components.” In
other words, rsr is that which yields vst products. (The distinction between an
integrated circuit and an 1EC in TI argot is that the latter results from inter-
connecting circuits within the structure; an 1c results from interconnecting
devices within the structure.)

Succinct. At Motorola, wst is described like this: the simultaneous realiza-
tion of large-area circuit chips and optimum component packaging density
for the express purpose of reducing costs by maximizing the number of system
interconnections made at the chip level.

But TRw’s Norman Grannis says an array can be ranked in the wrst class
when it has 100 gates or 400 elements per chip. Alden Stevenson of Litton
submits that once “several hundred active devices” becomes established as
the principal Lst criterion, it doesn’t much matter how many gates or standard
cells make up the assembly.

A Honeywell spokesman puts it this way: “We arbitrarily consider 50 to
200 components as a functional array; 200 to 1,000 represents the medium-
scale integration level. Anything beyond 1,000 is rs1.”

Moot point. Some sources get positively peevish when approached on the
subject of wLst definition. “Using the number of elements per chip as a figure
of merit is misleading since one firm may be able to do a job with less
devices, but be downgraded when compared to a less skilled outfit that had
to use more components,” says a Sylvania official. Orville Baker of Signetics
prefers to avoid the topic altogether. “By the time you get that complex,
you've got a subsystem,” he says.
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Symmetry. Digital differential analyzer, built by Autonetics,
has 864 metal oxide semiconductor p-channel transistors
combined to form the equivalent of 310 gates.

part of the LSI development proc-
ess. Mask production, as well as
programs to determine the opti-
mum topology for minimum power
dissipation, shortest wire runs, or
the like, are among the applica-
tions cited by Sylvania’s Nola.
“CAD is a must for fast turnaround
time,” he says. Arthur Lowell, as-

sistant director of research and en-
gineering at the Autonetics division
of the North American Rockwell
Corp., believes CAD can help elim-
inate process variations because
the techniques used for multilayer
boards are readily adaptable to
metal oxide semiconductor layouts.
“Pretty soon well be able to go

PN

Test case. Experimental 128-bit recirculating shift register, made by TRW,
has 780 metal oxide semiconductor transistors. It won’t be put on market.
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from logic equations to the finished
chip design in two weeks; a com-
puter will generate the tape for
making the masks as well as one
for the tests to be performed,” he
says.

Motorola Inc.’s Semiconductor
Products division is also using CAD
techniques in an attempt to gen-
erate LSI masks automatically. But
Walter Seelbach, manager of IC
research and development there, is
a good deal more cautious on the
subject than many of his industry
fellows. He emphasizes that a lot
more work has to be done before
computer-aided layouts as sophis-
ticated as those required for LSI
become a practical reality. When
component densities approach the
90,000-per-square-inch level, Seel-
bach says, it becomes all but im-
possible to interconnect the array
with two interconnection layers.

Two-way stretch. If there’s an
industry consensus on the im-
portance of the computer in LSI
processing, there’s also a certain
amount of controversy over how
it’s best applied. One school—led
by Texas Instruments—favors the
so-called discretionary wiring ap-
proach, in which a number of gates
or flip-flops are built on individual
wafers. Each is tested, and the
good ones are interconnected by
alternating metal and insulating
layers to form the desired function.
The interconnection masks are de-
signed by a computer from the test
data. Discretionary wiring’s advan-
tages are comparatively short turn-
around times on the necessary art-
work and better yields because
only the good cells are used. How-
ever, probing each cell requires
contact pads, and this reduces the
amount of chip real estate that can
be used for circuitry.

An alternative method favored
by the Semiconductor division of
the Fairchild Camera & Instrument
Corp. and Motorola, among others,
is the 100%-yield, or fixed-inter-
connection-pattern, approach. The
fabricator simply assumes that all
the cells on a wafer are good; test-
ing is left until after metalization.
Because probing isn’t required,
more can be put on the chip.

Cost-conscious. So far, most of
the industry leans to the 100%-
yield approach. “We’re committed
to fixed patterns of interconnection
because they give the most repeat-
able characteristics and simplify
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testing,” explains Sylvania’s Nola.
“Discretionary wiring builds un-
knowns into every wafer,” he goes
on. “Varying wire runs can lead
to some very subtle problems with
parasitics, and the user shouldn’t
have to worry about such matters.”

A spokesman for another semi-
conductor maker notes that the
price of a new mask for parts made
with discretionary wiring tech-
niques can be prohibitively high.
Autonetics” Lowell agrees: “The
single-chip nondiscretionary wiring
technique looks like the best way
to go because it costs less.”

Honeywell says it’s keeping an
open mind on the subject until
such time as one approach displays
a clear economic advantage over
the other. Harper says both meth-
ods are being checked in the com-
pany’s own laboratories “to learn
some of the things vendors don’t
like to talk about in much detail.”

Room for two. But while the dis-
cretionary wiring and 100%-yield
approaches are mutually exclusive,
it would appear that metal oxide
semiconductor and bipolar tech-
niques will coexist harmoniously
at most companies for a while any-
way. Philco-Ford’s Thornton ex-
pects MOS technology to dominate
LSI at the outset because of size
advantages. However, he concedes
that its comparatively slower speed
will be a drawback. “Right now,
true LSI means MOS,” says Jerome
Larkin, marketing manager for LSI
at Fairchild Semiconductor.

Richard Stewart, who heads the
advanced technology department
at the Hughes Aircraft Co.’s Data
Systems division, feels the only
real question here involves appli-
cations. “In radar signal process-
ing equipment, bipolar assemblies
would get the nod,” he says. “For
space applications where low
power is critical, MOS would be
favored.”

Sylvania is another firm that finds
room for both MOS and bipolar
LSI efforts. “There’s a slot in mod-
erate or low-speed applications
where you might want peak ele-
ment density at low power,” says
Nola. “This is tailor-made for MOS.
Applications might include long
shift register chains, low-power
counter circuits, and a few analog-
to-digital functions.”

Motorola’s Seelbach believes that
high-speed LSI assemblies will re-
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TFE Teflon dielectric
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type F-1
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or copper covered
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Offered in four sizes, .070 inches, .085
inches, .141 inches, and .325 inches, from
stock, Phelps Dodge Electronics’ minia-
ture coaxial cable has been proved in
hundreds of critical applications includ-
ing low noise amplifiers, microwave com-
ponents, SAMS, transponders and other
high performance instruments. Here is the
only miniature coax exhibiting a tolerance
of +1/2 ohms on impedance of 50 ohms
and offering the mechanical advantage
of a pure copper sheath which remains
crack free even under extreme bending

center conductor
concentricity .003 TIR

operating temperature
range from —65°C to

pure copper sheath

with solder, tin, silver
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available
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feet at 5 GC

vibration tested to 14G

+160°C

L-C-17/D,

and vibration. And, here is a coax that
has been thoroughly tested and qualified
for critical aerospace applications.

Phelps Dodge Electronics’ miniature
coaxial cable is available in lengths up to
130 feet as well as in precise cut lengths,
with or without connectors, to specifica-
tion assemblies and delay lines.

Can we tell you more? Write today:
Phelps Dodge Electronic Corporation, 60
Dodge Avenue, North Haven, Connecticut
06473.
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ed know-how?v

... LSl packages must be improved
for higher speed assemblies.. . .

quire at least three layers of
connections—two for signal inter-
connections and one for power-dis-
tribution and component intracon-
nections. The company has a
two-layer system in pilot produc-
tion and is developing a three-layer
setup. Two layers of metal are used
in the firm’s recently announced
XC-157 12-gate diode-transistor-
logic circuit [Electronics, April 1,
p. 105], and in a flip-flop that will
be part of the MECL 3 line [Elec-
tronics, April 15, p. 46].

For higher speeds, Seelbach
says, packages will have to be im-
proved. And present production
techniques—yielding spacings of
0.2 mil and greater—will, when
combined with optimized compo-
nent and circuit densities, push
against the limits of conventional
cooling techniques. “Liquid cool-
ing or some combination of liquid
and conduction cooling may be the
answer to this particular LSI prob-
lem,” says Seelbach.

Self help. The Systems Group at
TRW Inc. is in the unusual posi-
tion of being both a user and a
maker of LSI circuits. The unit’s
microelectronics center, which has
the primary manufacturing respon-

sibility in this area, is currently
concentrating on nonstandard ar-
rays that the Systems Group can’t
purchase from outside suppliers.
Norman Grannis, a section head at
the center, says the facility’s ac-
tivities have so far been limited to
single layers of metalization with
diffused crossunders. However, a
two-layer program has recently
gotten under way.

The center has decided on a 22-
pin round metal or ceramic flatpack
as its standard. “We’ve found that
if we go to a package larger than
3/8 inch square, we have trouble
sealing it,” says Grannis. Eventu-
ally, however, we’ll probably use
larger packages.”

Autonetics is working on assem-
blies it likes to call integrated sub-
systems rather than LSI arrays. By
this, the company means it is work-
ing toward optimum compartmen-
talization of subsystems to come
up with functional building blocks.
By way of example, Lowell cites
a digital differential analyzer that’s
a single-chip monolithic circuit
with 864 MOS p-channel transistors
combined in such a way as to be
the equivalent of 310 gates.

Lowell anticipates MOS inte-

Wire at will. Large-scale array with third-level metalization from Texas
Instruments was produced with discretionary wiring techniques.
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grated subsystem packages are
smaller than bipolar LSI assem-
blies. And within the next two to
four years, he expects beam-lead
techniques to put large-scale
arrays into smaller packages.
“Since the beam-lead device has
a passivated sealed junction, no ex-
ternal package is needed,” he ex-
plains. And Lowell sees direct
plug-in beam-lead assemblies far-
ther down the road.

But for all the glittering promise
of LSI, a number of difficulties re-
main. “Bonding’s a problem even
after the design is mastered,” says
Signetics” Baker. “If you make one
mistake on a single die, the whole
thing is lost. There’s got to be a
better way to put the chip in a
package.” Baker figures some sort
of flip-chip bonding may be the
answer. Another LSI problem area
he cites is removing heat from the
chips.

Brave new world

LSI advocates are apt to wax elo-
quent when it comes to assessing
the technology’s potential. Says
Philco-Ford’s  Thornton:  “LSI
should not be construed as a means
of building computers for less. In
other words, it won’t make any
particular inroads into IC domains.
Using LSI will require a complete
restructuring of design, a move
that will lead to new functions and
applications.”

Bipin Kapadia, product man-
ager for large-scale systems at
Honeywell’s Electronic Data Proc-
essing division, has much the
same attitude, pointing out that LSI
isn’t likely to play a big role in
small computers since there are
few repetitive functions in such
machines. “But LSI could compete
with software in a more imagina-
tively designed computer,” he says.
“Some repetitive operations could
be realized in hardware, making
the machine a bit more ‘intelli-
gent.”” Kapadia feels that LSI
offers the possibility of a dynamic
response to the progress of a pro-
gram, making a read-only memory
appear different at different mo-
ments during the routine. The con-
tent of the memory would change
in response to prior read-in com-
mands.

Autonetics” Lowell believes that
virtually all computer input-output
units are candidates for integrated
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.. . testing LS| assemblies
is a difficult business. . .

subsystems—his company’s version
of LSI—as are small general-pur-
pose processors and calculators.
However, Lowell believes it will
be some time before LSI assemblies
get into computer main frames be-
cause the real-time performance of
such equipment requires clock
speeds greater than 10 megahertz.
Litton’s Stevenson notes that while
conventional MOS assemblies are
still down around the 1-to-2-Mhz
level, complementary—combined
pnp and npn—devices are already
at 10 Mhz.

Chipper. A number of people,
though, including TI's Petritz and
TRW’s Grannis, believe LSI will
compete across the board with IC’s
and discrete components. Grannis
also looks to LSI for systems that
can’t be built now because of their
complexity. As a case in point, he
cites a billion-bit memory. “There’s
little probability of achieving such
a unit with core techniques,” he
comments, “but it could be made
with large-scale arrays.”

Sylvania’s Nola sees good possi-
bilities for LSI in the display field.
“Storage, translation, and drive
units could be combined. And as
instrumentation becomes increas-
ingly digital, the market could
grow,” he says.

Checkmate

If the market for LSI wares is a
dreamy proposition, writing speci-
fications and testing such assem-
blies is still something of a night-
mare for all parties. “One of the
reasons that LSI will gain accept-
ance gradually, rather than by
leaps and bounds, is that users
can’t really test what they’re buy-
ing,” says Philco-Ford’s Thornton.
“The lack of effective checks has
retarded progress severely.”

Sometimes, it’s a matter of no
checks at all. Sylvania owns to
having a customer “who runs no
incoming tests; he puts it all to-
gether, and looks for smoke.” Not
too surprisingly, most of the com-
pany’s other customers arent so
disposed to gamble. “They’re
cautious, interested, and definitely
not demonstrative,” says Nola.
“They want reliability history. And
we still don’t have really hard
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figures on integrated circuits.”

Easy answer. TRW’s Grannis be-
lieves the typical LSI product will
probably be a 50-50 mix of com-
binational and shifting logic that
will be tested in about the same
way as modules. But Hughes Air-
craft’s Stewart scoffs at the idea
of a “typical” LSI productand says
testing assemblies is definitely an
extremely complicated proposition.

In the case of a multiplier
Hughes built, a portion of the out-
put signal is fed back through the
input and a comprehensive exer-
cise program for the part is gen-
erated, without external testing. A
computer is used to calculate what
the output should be, Stewart says,
so the self-test feedback loop be-
comes a practical mode. Variations
of this scheme can be applied to
testing other LSI units with arith-
metic functions, he says.

Softer sell. At least partially in
response to users’ demands, LSI
makers have been overhauling
their marketing programs. “At this
stage, LSI can’t be sold to pur-
chasing agents,” says TI's Petritz.
“We're strengthening the engineer-
ing section of our marketing staff.”

Motorola plans to market stand-
ard LSI arrays in the usual way—
through salesmen armed with spec
sheets. But Jack Jordan, the com-
pany’s manager of digital IC mar-
keting says complex assemblies
will be moved by getting together
technical teams from the supplier
and user to iron out requirements.

Broader view. And other notable
shifts are occurring back at the
shop. Because of advances in LSI,
the engineers at Hughes Data Sys-
tems division—to take but one ex-
ample—are required to be more
versatile these days. “Our people
must now be checked out in sys-
tems, logic design, packaging, and
related fields,” says Stewart.
“Moreover, they must appreciate
the tradeoffs between recurring
and nonrecurring costs. In short,
specialists must develop a feel for
areas once beyond their ken.”

Likewise, TRW has its systems
designers take a course in LSI at
the Integrated Circuit Engineering
Corp. “They have to know what
goes into the chip,” says a TRW
official. “They formerly designed
one lumped transistor to feed an-
other. Now, they may not know
where the crossover is.”

Electronics | June 10, 1968

Tuge WENDE

How to form it by

BENDING. ..

Free Manual shows techniques of forming round,
square, or hex har stock ... tubing . . . channel
...angle ... flat and other materials.

Di-Acro Hand
Operated Bender

Di-Acro Hydra
Power Bender

It’s easy to bend a wide variety of material when you know
how—profitable too because bending can simplify product
design—make one curved piece do the job of two or more.
Bending can improve product appearance and lower your
production costs!

This 32-page illustrated manual shows how to make center
eye and off center bends, circles, zero radius bends, scrolls,
squares, springs and coils, loops and spirals—all with one ver-
satile machine. Booklet also tells how to tool for tubular, chan-
nel, angels and other special bending needs.

DI-ACRO

division of

5 HOUDAILLE

INDUSTRIES INC

436 EIGHTH AVENUE
LAKE CITY, MINNESOTA 55041

Circle 163 on reader service card 163




How fast can we ship it?
How fast can you phone:

201-243-47007

Off-the-shelf delivery is pretty fast
for a piece of digital equipment.
It's almost unheard of for a modular
instrument as new as the Weston®
Digital Panel Meter. But it's a fact !
Many units are factory-shipped on
the day your order is received . . . all

within two weeks. You'll avoid
costly production holdups and get
a better product in the bargain,
because the Weston dpm is the
original all-electronic digital panel
meter. If you want technical details,
write us now. If you want imme-

diate delivery, you've got our num-
ber. WESTON INSTRUMENTS
DIVISION, Weston Instruments,
Inc., Newark, New Jersey 07114.

a Schlumberger company.

WESTON'

U.S. Pat. # 3,051,939 and patents pending



Industrial electronics

For Taiwan, a changing image

Chiang Kai-shek’s fortress island is fast becoming an electronics center
as both U.S. and Japanese firms set up plants in increasing numbers

By Wes Perry

Hong Kong news bureau

Lured by a favorable climate—tax,
political, and labor—foreign firms
have found Taiwan an island para-
dise for manufacturing.

Generalissimo Chiang Kai-shek’s
fortress lying about 110 miles off
the Chinese mainland is in the
midst of an electronics boom. In
the last two years alone, plants
have been rising at a rate of almost
one a month. Including the 14 in-
stallations now in various stages of
completion, foreign interests have
thus far invested about $50 million
in 43 installations that can turn out
$180 million worth of products an-
nually—ranging from transistors to
television sets. And more plants
are in the offing.

Last year, the 20 foreign elec-
tronics firms that were in operation
for at least six months reported ex-
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ports of $28 million, according to
Nationalist China’s official Indus-
trial Development & Investment
Center (IDIC). And then there are
parts imported for assembly and
then exported. This accounts for
another $12 million. Locally owned
firms turn out about $24 million
worth of products, and export about
20% of them according to IDIC,
whose job is to woo foreign invest-
ment.

Geopolitics. Roughly the size of
Massachusetts, Connecticut, and
Rhode Island combined—240 miles
long and 40 miles wide—Taiwan is
about 350 miles from Hong Kong.
Chiang moved his Nationalist gov-
ernment to the island in 1949 after
the Communist takeover of the Chi-
nese mainland. With him came 2
million of his followers. Protected

against a Red invasion by the
U.S. Navy’s 7th Fleet, Chiang ini-
tiated sweeping land reforms and
launched an ambitious industrial-
ization program. To help him, the
U.S. poured in $1.5 billion in eco-
nomic aid between 1951 and 1965.
Private capital was coming in, too.

Japanese and overseas Chinese
interests have invested some $110
million. And by the end of 1967,
private investment by U.S. compa-
nies had reached $128 million.

Attractions

American electronics firms’ en-
chantment with Taiwan began with
a seemingly endless supply of low-
cost labor—production line workers
are paid $20 a month. But there are
other reasons:

= Unlike Hong Kong and South
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... the General Instrument Corp. led
the move into Taiwanin 1964 ...

Korea, which have been plagued by
either Communist rioting or Com-
munist troop infiltration, Taiwan
has a somewhat tranquil atmos-
phere. Hong Kong is further bur-
dened by rising wage rates and a
growing shortage of technicians.
And South Korea, according to
some U.S. firms, lags in technical
know-how.

= The Taiwan government offers
such liberal incentives as permis-
sion for 100% foreign ownership
and 100% repatriation of earnings,
remission of 15% of invested capi-
tal per year after two years, guar-
antees against expropriation of for-
eign-owned plants for 20 years, a

- ' S
T :
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five-year income-tax holiday, largely
duty free imports of machinery, a
maximum income tax rate of 18%,
and a duty-free export zone (KEPZ)
in the port city Kaohsiung.

= The labor force isn’t given to
strikes. Moreover, because of the
island’s late start on industrializa-
tion, most plants are relatively new
and modern. This leads to signif-
icant economies of operation.

But industrial life on Taiwan isn’t
completely blissful for the overseas
entrepreneur. For one thing, the
domestic market is limited. For an-
other, competition in the Far East
is becoming increasingly stiff. In
addition, there is still a lot of red

On the line. Pretty production worker checks circuit boards at the radio
and television plant opened on Taiwan by the Philco-Ford Corp. in 1966.
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tape involved in setting up shop on
Taiwan. Also, the island’s ports are
crowded, but this situation is being
solved with several big expansion
projects.

Number one. The General Instru-
ment Corp. led the move into Tai-
wan in 1964 when the company
built a plant to make transformers,
transistors, diodes, and related com-
ponents. Taiwan General Instru-
ment is still the island’s leading
electronics employer with a work
force of over 4,000. But the real
take-off point occurred in mid-1966
when the Philco-Ford Corp. put its
$5 million radio and tv plant on-
stream. The company has since in-
creased its investment to about $11
million, and now accounts for 15%
of Taiwan’s electronics exports. A
second Philco-Ford plant is making
integrated circuits and transistors
in the KEPZ and shipping them to
the U.S. Philco-Ford was followed
by such companies as TRW, Ad-
miral, RCA, and Ampex. As in Hong
Kong, these companies are all light
manufacturers and assemblers.
There is no research and develop-
ment activity on Taiwan.

On the island, for example,
Philco-Ford makes seven lines of
transistor radios, its entire line of
12-inch tv sets, discrete semicon-
ductor components, and multiplex
tuners and terminal assemblies that
go into color-tv receivers. Admiral
will be doing about the same when
it gets into full production later
this year.

Lacal markets. All of the U.S.
firms export their entire production
as do most of Taiwan’s 16 Japanese
companies. However, the Japanese
dominate the local market, mostly
through joint ventures. Typical is
the Tatung Engineering Co. that,
among other things, makes tv sets
with the Tokyo Shibaura Electric
Co. (Toshiba). On the side, Tatung
also makes memory cores for Inter-
national Business Machines Corp.
computers and electric fans under
the Westinghouse Electric Co.
brand name.

T. S. Lin, Tatung’s president, says
sales of tv sets in Taiwan have
soared 500% since 1963. Lin, who
considers himself a typical Taiwa-
nese businessman, works in an aus-
tere Dickensian office and teaches
economics courses at the Tatung
Technical College. He points out
that his company’s sales will reach
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Quick guide to bright, legible,

wide angle readouts

Series 360H Displays 2” high charac-
ters easily read from over 50’. Yet
unitis just 3"’ H x 2 W x 7.75" D.

CRT Display 10-gun CRT projects single-
plane digital or word displays onto fluores-
cent screen. Easy reading, even in direct
sunlight. Wide viewing angle. Ideal for

Series 160H Exceptionally large viewing area
(1.56” H x 1.12” W for overall size. New lens
system increases character brightness; reduces
chance of reading error. Message lines may be

New lens system provides bright,
crisp display.

Series 80 Large screen unit particularly suited for annunciator
applications . . . factory call systems, production control boards,
etc. Message or character 338" high; can easily be read at 100’,

160° viewing angle.

Series 345 IEE’s smallest rear-projection read-
out. Viewing area .38” H x .34” W. Based
lamps. Low cost. Individual readouts plug
into permanently wired housing for quick
message change. Easy front panel access.

instrumentation applications.

T —

Series 120H Miniature (.62” H x .62” W)
rear-projection readout. New lens system
increases character brightness 50% . Easily
read from 30’ even with high ambient
light. Quick disconnect lamp assembly for
speedy lamp replacement.

displayed simultaneously with symbols.

Series 10H World’s most popular readout. And we've improved it. Dou-
ble condensing lens provides exceptional character brightness. Greater
clarity at wider angles and longer distances, even under high ambient
light. .937” H x .937” W viewing area. Mil-spec version available.

Series 220H Miniature, plug-in, rear-
projection readout meets MIL-R-39027.
.62” H x .62” W viewing area. Special lens
system increases character brightness
50%. Excellent readability from wide
angles and long distances.

Series 875 Miniature, 24-position, rear-projection readout with
.62” H x .62” W viewing area. Overall size just 1.39” H x .90” W x
3.095” D. Exceptional character brightness and clarity. Quick dis-

connect lamp assembly for easy replacement.

IC Driver/Decoders Small, solid-state units for IEE Series 10H,
120H, 220H, 340 and 360 readouts. All models accept a variety
of binary codes for decimal conversion. Take normal signal volt-

age. Draw less than 2 ma. (Many options, including memory.)

Any characters desired. Any colors or combinations. Any input, BCD or decimal. Any input signal level. Any mounting, vertical or horizontal.
Many sizes. Many configurations. Many options and accessories. Many brightness choices. Long lamp life (to 100,000 hours).
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MICROWAVE

Oscillators And
Amplifiers

i

With the =
"Dynamic 7~

Disciplines” Approach

£

o,

~CAPABILITIES-
« DC TO 10 GHZ

* MICROWATTS TO
MEGAWATTS

Custom Design, Engineering,
Manufacturing to Industrial,
Commercial, Scientific and
Government Requirements.

* HIGH POWER RF CW
AND PULSE AMPLIFIERS
AND SYSTEMS

* LARGE STOCK VARIETY
OF TRIODE AND TETRODE
CAVITIES (Covers 200 to
6000 MHZ)

* CW, PULSE OSCILLATORS

* CW MULTIPLIERS

* PULSE MODULATORS

* SOLID STATE COMPONENTS
* TEST EQUIPMENT

* ACCESSORIES

See Our Spread in 1968 Electron-
ics Buyers’ Guide. Write for MCL
Catalog.

MICROWAVE CAVITY

LABORATORIES, Inc.
/10 North Beach Avenue
La Grange, lllinois 60525
Phone: (312) 354-4350

Western Union Telex 25-3608
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. . . vertical integration of Taiwan's

electronics industry is under way . . .

the $23 million mark this year, com-
pared with $7 million in 1964.

Deficiency. The prime short cir-
cuit in Taiwan’s electronics manu-
facturing has been the lack of sup-
port industries. A United Nations
project to establish an electronics
technology research center to up-
grade the efficiency of locally owned
plants has yet to get off the ground.
Chinese officials point out that there
are over 800 kinds of finished prod-
ucts, components, and parts that
aren’t—but should be—produced in
Taiwan.

Today only 18% of the compo-
nents going into finished products
exported from Taiwan is made on
the island. About 70% of the re-
mainder is imported from Japan
and the rest is shipped in from U.S.
sources.

Philco-Ford’s resident general
manager, William B. Scott, figures
that the 18% will climb to roughly
65% within the next couple of
years. A big step will be taken
when Taiwan begins making its
own tv picture tubes and cord.
There is still no cord made locally
that is approved by the Under-
writers Laboratories.

Says Scott: “The first move for
the government was to get the
plants here in the first place. Step 2
is the vertical integration that’s go-

T

ing on right now, and I think it’s
moving along very well. We should
be able to make electronics goods
here cheaper than anywhere else
in the world when vertical integra-
tion is further along.”

Looking ahead

Both IDIC and most private op-
erators estimate that in about 10
years Taiwan will be exporting
about $500 million to $600 million
worth of electronic goods annually.
Given Taiwan’s peculiar political
situation, no one tries to project
further ahead than a decade. Some
Nationalist leaders still firmly pro-
fess that they will be running the
mainland again by that time. And
while more sober officials have
abandoned this point of view, to
plan otherwise means going against
official policy, realistic or not.

Births and jobs. On the plus side,
there is no shortage of compara-
tively inexpensive labor in sight.
The government has been battling
the island’s 4% annual birth rate
with some success for the past cou-
ple of years, but still must find
jobs for 160,000 new workers annu-
ally. That is why government policy
is aimed at luring such industries
as electronics. Wage rates went up
3% % in 1967 and are expected to
climb at a comparable rate for the

Concentration. Assemblers work at Tatung Engineering, a joint venture set up
by Japan’s Toshiba and Taiwan interests to serve the local market.
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Geography lesson

Taiwan is an island 110 miles out
from mainland China. The Philip-
pines are to the south and Japan
to the north with the China Sea
on the west and the Pacific Ocean
on the east. The Nationalist
Chinese government uses the term
Taiwan, which is known as For-
mosa in the western world, to
cover 14 other nearby islands as
well as the Penghu (Pescadores)
group. Taiwan’s principal harbors
are Kachsiung, Keelung, and
Hualien.

Tradeoff. Taiwan was ceded to
Japan by China in 1895 following
the Sino-Japanese War. However,
it was restored to China in 1945
after Japan’s surrender.

A range of mountains forms the
backbone of the island. The east-
ern side is steep and craggy. But
the western slope is. flat and well
cultivated. Crops include rice, tea,
sugar, sweet potatoes, and jute.
Among Taiwan’s mineral resources
are gold, silver, copper, and coal.

Taiwan’s economic growth has
averaged 7% to 8% annually in
recent years. In addition to elec-
tronics, the island’s principal in-
dustries include flour milling,
tobacco, oil, lumber products,
textiles, machinery, and glass.

next seven years or so.

Nationalist China’s economy is
one of the world’s fastest growing.
The gross national product has
more than trebled since 1953 and
now tops $3.5 billion; per-capita
income has risen to $209 at cur-
rent prices during the same period.
Industrial production, which in-
creased about 13% annually be-
tween 1952 and 1966, posted a 19%
jump in 1967. Foreign trade in 1967
reached $1.5 billion, up 26% from
the year before. Foreign invest-
ment, now totaling $245 million,
has grown steadily from just over
$1 million in 1952 to $66 million
last year; last year’s level is almost
double that of 1966.

New battle plan. Government in-
centives aren’t the only explanation
for this spectacular growth. Chiang
Kai-shek’s saber-rattling had kept
some potential investors at arm’s
length for years. And it has been
only since he grudgingly admitted
that he cannot win a military battle
for the mainland that he began
fighting the economic struggle of
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resolver/synchro
to digital conversion

: OO? . .01° accuracy

2012000’ /sec. tracking

North Atlantic now brings you a new generation of solid-state analog-.o-digital
converters for resolver and synchro data. They offer major advances in high-speed
precision tracking as required in modern antenna readout, ground support, simu-

lation, and measurement systems. 20 oooo
?

For example, the M 45 provides conversion of both resolver and synchro
data at rates to 2800° /second, and accommodates 11.8v to 90v 400Hz line-line
signals. For multiplexed applications, acquisition time is less than 50ms. Digital
output data is visually displayed and simultaneously available on rear connectors.
All modes are programmable as well as manually controlled. Optional features
include .001° resolution with 10 arc second accuracy, data frequencies from
60Hz to 4.8KHz, data freeze command for digital readout at a critical instant, and
programmed mode where difference angle computation is required.

Your North Atlantic representative (see EEM) has complete specifications and
application information. He’ll be glad to show you how these con-
verters can answer critical interface problems in your system.

NORTH ATI.ANTIC industries, inec.
TERMINAL DRIVE, PLAINVIEW, NEW YORK 11803 ¢ 516 —681-8600
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m With alittle square hole atoneend and a
round one at the other, our HW Series
Wire-Wrap* connectors are positioned quickly
and perfectly. Every time. The resultis a higher
rate of Wire-Wrap production. Especially with
our new AccurFrame Packaging.

e But the hole isonly apart. Winchester
Wire-Wrap connectors have a configuration
designed for automatic equipment, high strip
force retention, bifurcated spring contacts

for superior interfacing. They're available in
sizes ranging from 22 to 50 contact positions.
Standard contact spacing in two sizes:

.125 center to center with .250 between rows;
and .100 center to center with .200 between rows.
Contacts are easily removed. Retained by a

90° twist. Molding is diallyl phthalate SDG-F.
Contacts plated to MIL-G-45204 Type I1.

m HW connectors are the heart of AccurFrame,
asimple and reliable packaging technique
that capitalizes on Winchester's long experience
in precision molded connectors. No new
fabrication methods are required. Frame
positioning is simplified with no tolerance
buildup. All at alow average cost per contact.
That, pardon the pun, is the hole thing.

Except that HW connectors

are available from your distributor.
' Or Winchester Electronics, Main St.
& Hillside Avenue, Oakyville,

Connecticut 06779.

@
haole thing. oo
-plpinininipinin
a iy
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\ yeye /
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*Trademark—Gardner Denver Company




Alignment holes in HW Series con-
nectors are polarized for fast, sure
alignment.

With the connectors in position, o
wiring frame is added.

Connectors are attached with ma-
chine screws and the frame is
ready for automatic wire-wrapping.
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... Taiwan has an abundance of skilled
management and engineering personnel . . .

the island in earnest. To be sure,
the fight for the mainland goes on,
at least in the minds of the Nation-
ist old guard, but it’s become es-
sentially “political” rather than
“military.”

Chiang still makes the final de-
cisions in all important matters, but
a greater load is being put on the
shoulders of others—primarily C. K.
Yen, premier and vice president,
who is Chiang’s heir to the presi-
dency. Yen, 62, was minister of fi-
nance during the days of the land-
reform program. Most of Taiwan’s
new leaders have given
up the idea of returning
to the mainland, and are
now preoccupied with
the development of the
island’s economy. As a
result, foreign business-
men are confident the
present trend of eco-
nomic growth almost
wholly dependent on
foreign investment will
continue.

Drawbacks. But there
are liabilities. The main
complaints are the
mountains of red tape
involved in dealing with
a bureaucracy designed
to serve the whole of
mainland China. In ad-
dition, there is still cor-
ruption at some levels
of government. There
are the inevitable tales
of investors who have
looked to Taiwan only
to be driven elsewhere by the
heavy-handed bureaucracy.

Observers like  Philco-Ford’s
Scott acknowledge that such prob-
lems exist, but claim the govern-
ment is doing a good job of im-
proving the situation. At the KEPZ,
for example, such activities as cus-
toms inspection and clearance, for-
eign-exchange settlement, and the
issuance of permits and certificates
have all been streamlined consid-
erably.

Talent. More important, says
Scott, is the abundant supply of
good management and engineering
personnel. “Hong Kong electronics
companies place want ads in Tai-

wan papers for engineers,” he says.

Adds another American plant
manager: “The caliber and quality
of personnel here is excellent. In
fact, it is so good, we’ve had to be
careful not to overhire. It is no good
employing an engineer to do a tech-
nician’s job.” Most engineers and
technicians are Japanese or Amer-
ican trained.

Only one small foreign firm is
ready to toss in the towel. But in-
dustry insiders believe it’s because
the firm’s U.S. market didn’t pan
out as expected and not because of

Heir apparent. C.K. Yen is considered by many
as Chiang Kai-shek’s presidential successor.

the operating environment of Tai-
wan. The company, Parsons Elec-
tronics, located in the KEPZ, is now
up for sale.

Advocate. The marketing chief
of a Taiwan operation opened by
an American firm within the last
two years believes the island stacks
up favorably when compared to any
other area in Asia.

The manager of another plant
recently opened in Taiwan believes
that the island is a whale of a lot
better than many other countries
at the same stage of development.
“An American businessman who
can’t operate here, can’t operate
anywhere on earth,” he says.
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This is the actual A
size (62 x 3%) of the largest
of two new unique vacuum fixe
capacitor series from ITT Jennings. They were spe-
cifically designed for use in induction and dielectric
heating equipment operating from low frequency
through high frequency. Especially benefitted will be,
such applications as crystal growing, zone processing,
rf sputtering, plastic sealing, plastic preforms, and
glue-line drying.

The result is the most outstanding combination of
capacity, voltage and size ever created, and the
greatest dollar value per KVA for plate blocking and
tank circuit use. :

This new CFSB series is characterized by high

Capacaty .............
Peak test voitage (60 Hz) A
Current rating (16 MHz) . ....... ;
(1 MHZ) ............. 2UL :
Dissipation
Internal inductance. ... ..
You can find capacitors much bigger, but none
better; the potentialities in both replacement and new
design are obvious. For detailed information, write for
Catalog No. 101. ITT Jennings, a division of Inter-
national Telephone and Telegraph Corporation, 970
McLaughlin Avenue, San Jose, California 95108.

senninas LT

.................
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Communications

Speeding diplomacy’s messages

New ITT system for the State Department cuts average elapsed time
between reception and distribution from eight hours to one

By Howard Wolff

New York bureau manager

“Of course,” says Ambassador at
Large W. Averell Harriman, “we
are in close touch with Washing-
ton.” To newsmen besieging him
outside the Hotel Majestic in Paris,
where Harriman was meeting North
Vietnamese representatives, the re-
minder was superfluous. But to the
State Department it sums up three
years of work—costing $3.5 million
—on one of the most up-to-date
message-switching arrangements of

»
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any Government agency.

Keeping in touch with scores of
embassies, consulates, and mis-
sions has always been an expensive
and time-consuming job for the
communications people at the State
Department. The department has
15 major relay centers scattered
around the world—in such embas-
sies as those in Rome, Athens,
Bonn, and London.

Riding herd on the network are

237 communications personnel in
Washington handling 13 million
words a month and watching their
message volume rise 10% a year.
Add to that volume the tangle
of red tape—each message, no mat-
ter how inconsequential, goes to
an average of 125 people and other
Government agencies (some are
copied for as many as 500)—and
it’s easy to understand that until
ITT installed its 7300 Automatic

Cortex. View toward
the two ITT 7300
message processors
that are the nerve
center of State’s
communications
center in
Washington.
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Now!
TCX0's
from

Bulova!

Stability:
=+0.5 PPM!

"’L@f}w e

Now you can get Temperature ¥
Compensated Crystal Oscillators from
Bulova, with all the quality and
dependability that have made Bulova
the leader in frequency control
products. Our new Model TCXO-5 is
just four-cubic-inches, consumes only
50 mW, and employs a computer-
selected-and-optimized compensation
network designed to maintain
frequency stability over wide
temperature ranges without the need
for an oven (£0.5 PPM from —40°C
to +70°C). Perfect for aerospace

and military applications where
power, space and weight restrictions
are severe.

SPECIFICATIONS
Frequency
Range:
Frequency
Stability:

2MHz to 5MHz

+0.5 PPM from
—40°C to +70°C

Output: Sine Wave, 1VP-Pinto a
1000 OHM Resistive Load

Input: 50 mW

Size: Just 4 cu. in.

Weight: Only 5 oz.

Other frequencies, output wave
shapes, output levels and load
impedances can also be supplied.

Write today for more information
about Bulova's new TCXO-5, or
assistance with any Crystal Oscillator
problem. Address: Dept. E-27.

Try
Bulova
First!

FREQUENCY CONTROL PRODUCTS

ELECTRONICS DIVISION
OF BULOVA WATCH COMPANY, INC.

61-20 WOODSIDE AVENUE
WOODSIDE, N.Y. 11377, (212) DE 5-6000
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...old torn-tape system involved handling
and rehandling transmissions for hours. ..
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Seeing the light. Message analysts—the men who determine just how secret
a telegram is and who should see it—do their editing and place routing
instructions on messages, flashed on display, via keyboard. Displays replaced

hand-typed copy.

Terminal Switching system, an or-
dinary message would spend as
many as eight hours traveling from
the old torn-tape center to an offi-
cial’s desk. It had to be decoded,
analyzed (read and routed), typed,
corrected, retyped, duplicated, and
—at long last—sent on its way.
Yesterday. The old eight-hour
process was a model of wasted mo-

tion. A message arriving on paper
tape would be fed into a readout
printer. The hard copy and tape
would then go to an analyst for
editing, which involved not only
correction of spelling and gram-
matical errors but also “translation”
from diplomatic cablese into read-
able English and routing. This cor-
rected copy would go to a tape-

Taking the high road. After the analysts get through with a message, it is
duplicated (the average is 125 copies; the outer limit is about 500) and each
copy is placed in the proper mail receptacle by this Remington Rand Lektriever.
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punch operator who punched out
clean copy for a second printout.
The route then would carry the
message to a battery of clerks who
typed multilith stencils, to the
multilith department itself, and fi-
nally to the mailroom for distribu-
tion by hand or through pneumatic
tubes.

The disadvantages were obvious.
Not only did the handling and re-
handling, the reading and reread-
ing, and the punching and repunch-
ing eat up time, but the operation
generated mountains of paper.

Changing times

But all that is in the past tense.
The recently accepted ITT system,
installed by the company’s Defense
Communications division, has cut
average elapsed time from recep-
tion to delivery to about an hour;
in special cases that figure can be
four minutes. Of course, the high-
est officials—such as the Secretary
and under secretaries—see mes-
sages in seconds.

The communications center, on
the fifth floor of the main State
Department building, now can
serve as the prototype of a global
network’s  center.  Completely
shielded from radiation or electro-
magnetic interference, it is top se-
cret. Visitors—and there are many
who are anxious to see it—usually
are admitted only on Sundays,
when there is little message traffic.
State Department officials say they
have logged 300 visits, mainly from
other government agencies and in-
dustry, in the past year. Presum-
ably, those visitors had guides, be-
cause the center is so hush-hush

that its door is unmarked except by
the presence of an armed se-
curity.

Inside, two ITT 7300 message
processors (one is a redundant
standby machine) are the heart of
the operation. The processor, using
discrete components throughout,
stores 48,000 to 60,000 18-bit words
and has a 6-microsecond cycle time.
The four drums have a capacity of
256,000 words. Two high-speed
printers eliminate the first typing,
transferring a message directly to
multilith mats for reproduction.

The message goes three ways at
the same time: to a journal, two
RCA Random Access Computer
Equipment (RACE) installations,

and to one of 10 displays made by
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High-speed cameras
help insure

long life,
minimum-
wear—quiet
operation

for Durant
Instrument Counters
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The only way to set standards for a high-speed
counter is to operate it at high speed.
But then the eye can’t see very much.

That’s why Durant uses high-speed movies to
establish quality control standards. This
provides a clear record of what happens every
millisecond. And permits specific analysis of high
speed operation. Result: better quality control
for longer life, less wear, quieter operation.

And to assure dependability, too, Durant
specifies rigid, one-piece, die-cast frames,
stainless steel shafts, Nylatron pinions, lifetime
lubrication. Reasons you get
accuracy you can count
on — for years!
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COMPACT “Y” SERIES

A lot of accuracy in small
space. Speeds to 1500 RPM
continuous, 2000 RPM inter-
mittent. Open or closed de-
sign. Some models resettable,
all add or subtract.

VERSATILE “D” SERIES

3, 4, 5, or 6-figure instrument counter without case.
1800 RPM intermittent duty — high speed models
2500 RPM intermittent. Lifetime lubrication, fungus-
proof. %" wheels, special unit wheels available.

44 different models.

SUB-MINIATURE “S” SERIES

3, 4, or 5-figure sub-miniature instrument counter without
case. For use where space and weight are limited.
2500 rpm intermittent duty. Lifetime lubrication.

¥s" figures. 12 different models.

B AN CUEE R Cod U R LN 6 G0 WP AN

COUNT / CONTROL INSTRUMENTS
MECHANICAL / ELECTROMECHANICAL / ELECTRONIC

In Europe: Durant (Europa) N.V. Barneveld, Netherlands
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New TP-8s
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£-3

| ia 7
! | TN

LA | A

Telemetry Amplifier

LEL Model TP-8 Transistorized
Telemetry Amplifier for S or L Bands

... for low noise, low VSWR, low
cost...for dynamic range, for gain
or phase tracking, for size or en-
vironmental features. .. you’ll find
the new LEL TP-8s just right for
your telemetry system .. ..and
mighty useful, too, in radar, ECM,
phased array and similar applica-
tions.

Check these specifications...then
send for full detailed information.

Frequency Range ... 1435-1535 MHz
or 2200-2300 MHz

Bandwidth @ 1 dB............ 100 MHz

1 e o e A 20 dB min.
VSWR; (Input) ... 1.25:1
(Output) ... 2:1
Noise Figure .............. 5.5 dB max.
6.5 dB max.*
Power OQutput @
1 dB gain comp .......... —2 dBm min.
Power Req ... —12 VDC @
25 mA max.
1201 e o b D M 6"x212"x1Y5"
51/2")(21/2"“‘/2"*
Temperature ... —20 to 4-70°C.

*2200-2300 MHz range

ARA | 3 &
\ — — W DIVISION
-

"
"/ VARIAN sssociates

AKRON ST., COPIAGUE, L. I, NEW.YORK 11726

(51%) AMityville.4-2200/(516) PYramid 9-8200
TWX Code 510-224-6692
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... system offers instant retrieval of
30 days worth of messages to ‘Secstate’ ...

Silent service. Here's a
closeup of the 7300. Two of
them, in redundant operation,
chug away constantly.

What day? RCA’s Random
Access Computer Equipment
gives State’s officials the
capability of checking back
over 30 days.

B

What’s going on—and in? Technical Control center monitors operation of the
processors and peripheral equipment.
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the Laboratory for Electronics Inc.

Read all about it. The journal
logs incoming messages. RACE pro-
vides quick retrieval of 30 days’
worth of input, a feature that’s con-
sidered vital by State Department
officials. “As a matter of fact,” says
an ITT engineer, “now that they
can go back into the files so easily,
they’re finding it more and more
necessary—up to 30% or 40% of a
day’s traffic.”

The 23-inch displays are prob-
ably the biggest savers of time and
work in the system. The analyst,
who once had to edit hard copy,
then have it repunched and re-
typed, now sits before a screen.
The incoming message appears be-
fore him with some distribution
instructions on it; he can add others
with his keyboard. In the same
manner, he can correct spelling.
When all is satisfactory, he presses
a “transmit” button and the tes-
sage goes to a high-speed repro-
duction printer for transcription on
a multilith mat. For outgoing trans-
missions, the analyst does the re-
quired editing, then sends the re-
sult to an automatic encoding
device and out over the State De-
partment’s lines or over the air.

Background. Other peripheral
equipment for the new system in-
cludes an off-line message-prepara-
tion area of government-furnished
equipment. Here there are 10 reper-
forators, 10 readouts, and two high-
speed readers—all used to decode
and encode input and output.

The system is designed to handle
10,000 messages a day containing
2,500 characters per message. The
actual volume now is 5,000 to 6,000
daily.

Whither?

The State Department’s William
H. Goodman, deputy assistant sec-
retary for communications, points
out that a great advantage of the
system is that fewer people are
needed to handle the increased vol-
ume. For example, since State ac-
cepted the system from ITT, 26 em-
ployees have been transferred
elsewhere. And, Goodman says, au-
tomation of other centers is just be-
ginning. Work in Paris has been
completed—but a new circuit is
being installed—and Bonn is get-
ting a system. The present system
also has outlets at the United Na-
tions Mission in New York, the
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instant
motor!

Latest addition to the H.S.Il. line of
BIG INCH™ AC Synchronous Motors
Instant reversing by switching capacitor from one coil to the other.

Irgstan't start and stop without coast. Instant “inching” in either
direction in small increments. Only 1%6” OD x 1%” long.

Ideal for control functions where shafts, potentiometers and indica-
tors must be precisely positioned. For time integrating. For stop-
clocks. For pulsers and interrupters, timing devices, chart drives.
Can be used without clutch. Available with split coils for use as step-
servo motor. Low cost, tooled for mass production.

® SEND FOR NEW BULLETIN NO. 33-2

HAYDON SWITCH & INSTRUMENT, INC.

Where Optimum Performance is Standard

1500 Meriden Road, Waterbury, Conn. 06720 / Area Code (203) 756-7441
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T mric
SEMI-AUTOMATIC
INTEGRATED CIRCUIT TESTERS

MODEL 715 MODEL 716

2B - .
TR HIEEY

A o o o o A O O O vevy
o pe—— (1] i ¢ p—— B 3

TEST

DIGITAL

(RTL, DTL, TTL, MECL)
FOR

[J INPUT LOAD CURRENT

[J INPUT LEAKAGE CURRENT

[J INPUT THRESHOLD

[] SHORTS BETWEEN INPUTS

[] OUTPUT LOGIC *1" UNDER LOAD

[] OUTPUT LOGIC “0" UNDER LOAD

[] TOTAL I.. DRAIN

[] CLOCKING FLIP-FLOPS AND
COUNTERS

LINEAR

(OPERATIONAL AMPLIFIERS, COMPARATORS)
FOR

[] VOLTAGE GAIN

[J] INPUT OFFSET VOLTAGE

[J INPUT OFFSET CURRENT

[] OUTPUT VOLTAGE

[] OUTPUT CURRENT

[] TOTAL I.. DRAIN

[C] BANDWIDTH (VIA SPECIAL ADAPTER)
[0 INPUT BIAS CURRENT

MODEL 711 $1495.

ﬁyz& MICRODYNE INSTRUMENTS INC., 225 Crescent St., Waltham, Mass. 02154 (617) 893-8210

. .. but bottlenecks
still slow work.. . .

Agency for International Develop-
ment in Washington, and the White
House.

ITT engineers have their eyes on
two bottlenecks that still exist in
the State Department’s installation.
One is the message-preparation
area—one engineer says, ‘‘That’s
like having a tortoise run the first
leg of a relay race for a team of
hares.” The other, which holds up
operations on messages coming
into the capital, is the multilith area
with its nine printers. “When you
go from the 7300 to those chug-
chugging printers you feel as if
you're going back in time about 20
years,” says the same engineer.

Waiting in the wings. Even the
ITT people are champing at the bit
in their desire to replace the 7300
processor itself. One of the market-
ing men puts it this way:

“When we started working on
the State Department job three

What’s new?

All messages sent from embassies,
consulates, or missions to the State
Department in Washington are ad-
dressed to the Secretary of State—
or “Secstate” in the compressed
jargon known as cablese. Naturally,
Secretary Rusk can’t possibly read,
or be interested in, the thousands
of words sent to him daily, so it’s
the job of the message analyst on
the fifth floor of the main State
building to decide who sees what.

For instance, a report from the
economic officer in our Iceland
Embassy on the effects of a forth-
coming election on the pickled-
herring industry would be ad-
dressed “Secstate.” The analyst
would decide that the report is
neither secret nor confidential and
that it is of little or no interest to
Rusk. So he would key it for dis-
tribution to State Department aides
—such as the European Desk—and
other interested government agen-
cies, in this case probably the De-
partment of Agriculture, Bureau of
Fisheries, Department of Com-
merce, Treasury Department, Cus-
toms, and the cia (which seems to
be interested in everything). There
are 148 potential destinations in
the capital.

178
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IT TAKES US
NINETY DAYS
TO PICK OUT
THE - 2.5C%5;

you can have yours from shelf stock
in less than 30!

The heart of the 2.5C Frequency Standard is a selected
crystal that is monitored continuously for 90 days under
precisely-controlled conditions to insure an absolutely mini-
mum drift rate.

When you get your 2.5C, you will have a Frequency Stan-
dard that:

* has exhibited an aging rate of 5x 10!
per day

¢ will typically exhibit an ultimate
aging rate of less than 1 x 10" per
day

¢ will maintain an RMS deviation at 5
MHz (short-term stability) of less
than one part in 10 " for one-second
averaging

* weighs less than 19 pounds — includ-
ing the power module with batteries
installed

* consumes less than 7 watts at 22-32
volts de.

Interested in a 2.5C? Write or call for more information:
TRACOR, Inc., 6500 Tracor Lane, Austin, Texas 78721,
512-926-2800.

Specialized instruments from p@i¥1H1I2{ to meet your specific needs
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The new
Johanson 7200
capacitor
helps you
make
ends meet.

Solder ends to téi’hi‘ﬁgigbf évhbthéf component.

Solder one end to P/ C board and atac lead to other end.

The new Johanson 7200 capacitor is ideal for balancing of semi-conductors
and microwave components, for trimming of small fixed capacitors, for UHF
oscillators, for coupling ( VHF and UHF), for terminations for UHF coupling
links, and for strip lines and modular blocks.

The 7200 features tubular electrodes which provide for low losses and low
inductance at microwave frequencies. They also feature a low
minimum capacitance 0.1 pF (10:1 tuning ratio) and Q of 500
at 200 MHz. Call or write for complete information.

ACTUAL SIZE

Electronic Accuracy Through Mechanical Precision
400 Rockaway Valley Road, Boonton, N.J. 07005 (201) 334-2676
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.. . engineers envision
faster processor. ..

years ago that 7300 was the fastest
thing we had, and it was plenty
fast enough for the boys in Wash-
ington. But I'd sure like to give
them our 9300 with its 2-microsec-
ond cycle time. With that baby
we’d have messages in the ‘in’ bas-
kets almost before they were fin-
ished transmitting from Bangkok,
New Delhi, or wherever.”

Busy line

The Paris talks with the North
Vietnamese have, of course, gen-
erated a lot of traffic in the new
communications center, although
State Department officials are
loathe to say just how much. They
do point out, though, that the Paris
show isn’t the biggest one the new
system has handled. That honor
belongs to last year’s Arab-Israeli
crisis (during which the system re-
ceived its baptism of fire), with
place money going to the Cyprus
flare-up.

What's the hurry? However,
they’ll find that the State Dept. is
a tough nut to crack because there
is a limit to how fast a message can
be sent to someone’s desk and just
how much message space is occu-
pied by diplomatic bombast and
verbosity.

In the first area—speed—transmis-
sion time will remain the same no
matter how many 9300’s whir away
in Washington, State Department
spokesmen say. Therefore, the only
additional speedup can come by
cutting down on the time it takes to
handle incoming or outgoing copy
and the department isn’t sure that
the time saved would be worth the
expense.

Secondly, State’s communication
officials have been waging a cam-
paign to have Foreign Service per-
sonnel around the world—and at
Foggy Bottom—cut down on the
excess verbiage. As with previous
campaigns of this sort, admonitions
usually fall on the deaf ears of
bureaucrats who are apt to judge
their own importance by the length
and complexity of the telegrams
they can fire off.
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PRESENITS o0

! THOROUGHLY ::
2 MODERN &
2 MODULE

oo STELLAR PERFEORMANCE e
oo FET/IC CRCUIT b
o0 < 2/J VA o0

FAIRCHILD’S NEW ADO-26B FET OP. AMP.

i o If you are combining dual FETs with an IC op. amp., let Fairchild Controls do it o0
for you. Just ask for the new ADO-26B. Guaranteed Specifications: . ‘

[ X ] Drift, <211V/ °C; Gain, >100,000; Drift vs. supply, <100V/V; CMRR, 86 db.

'Y Other modern modules guarantee <5uV/°C and <50uV/°C. &%
Ask for Fairchild Controls’ new amplifier catalog available from

.. the engineering representatives listed below. . ‘

B
A
@

rett Engineering MSD Associates
ssociates
(206) 935-1062
GBH Associates, Inc.
8

Vector Sales, Inc.
(612) 454-5173 @ - ® (617) 489-1400
WKM Associates, Ossmann Component
Inc. ,, Sales Corp.
(216) 885-5616 « ’/ @ (315) 454-4477
(415) 969-9770 ( N
CDH Associates
© (213) 345-1644
Hyer Electronics

)

SEylane 2S00 ® (716) 442-3290

g %

(513) 4347500 - ,/ 9 (607) 785-9949
Fiat Engineering ,“ v (914) 297-7773
Bth ‘ WKM Associates,

Inc.
(801) 3636773 ©
(303) 7715285 €

(317) 282-5676 ©
(602) 264-0291 ®
(505) 265-5767 ©

(312) 547-6200 ™ U (412) 892-2953
g:‘w"en;iléer- .4 H.R.C. Associates
el v (516) 627-4644
(214) 357-8249 ® Reynolds &
‘ Associates, Inc. Stemler
A (205) 536-1941
© (408) 252-5360 W (215) 644-3477
© (305) 424-3836 * (609) 966-4070
© (305) 727-3205 & (301) 944-8262
© (305) 581-6611

(713) 668-4461 © Associates, Inc.
IN CANADA: BRH Associates Limited
FAIRCHILD CONTROLS/A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION/Modular Products Facility/423 National Ave./Mountain View, CA. 94040/(415) 962-3833

Montreal: (514) 733-5331 « Willowdale: (416) 223-4008
Ottawa: (613) 728-0113
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Sweet’s
Microfilm File
can save you
$500 per year

on every engineer
you employ

Sweet’s Microfilm File is dedicated
to the proposition that no engineer
was created to be a file clerk.

It is a paying proposition.

Our exercise (right) in the Old Math
suggests what it costs when your
engineers rummage for data—
product and specs data. The figures
are conservative. We have at hand
the confidential reports of several
companies that evaluated their
data retrieval techniques and found
that 5 hours per man per week

(or $1250 per man/year) was often
a more realistic time expenditure

in loose catalog systems.

By loose catalog systems we mean
paper, and all the things that can
happen to it. Misfiling. Untraceable
routing. Cannibalization. Old age.
Coffee.

Microfilm is a natural for data
retrieval: compactness, fast
retrieval, easy updating. To the
mechanics of microfilm, we've
added a few touches of our own.
We don’t charge manufacturers for

l.,
8
i
g
g
B
]

Estimate (Conservative) of Loose
Catalog Data Retrieval Costs

2 hours/man/week
x $5 hour
$10 man/week
x 50 weeks
'$500 man/year

Thus the time saved by 6 engineers
pays for the Sweet’s Microfilm File.

their appearance in our file. This
accomplishes several things—we
get all the important suppliers;

we get all their data; we get their
new and revised data as soon as it
issues. So we have more product/
vendor data than anyone . . . over
three quarters of a million pages
of live data right now. We update
it every sixty days, with thorough
indexing.

We also offer all military specifica-
tions, complete, updated monthly,
because how else can you live with
mil specs? And there are several
other data packages available.

The near-Einsteinian simplicity
of our formula suggests that the

bigger you are, the more you save.
Our reports confirm this. One major
aerospace company estimates
$135,000 savings the first year after
installing Sweet's Microfilm File.

A more modestly proportioned
machine tool outfit calculated
exactly $50,879 net savings . ..and
also noted the space savings: 38
four-drawer file cabinets were
displaced by our complete-on-a-
desktop grouping of reader/printer
and cartridge carousels.

We can arrange for an in-plant
demonstration of the File. Log your
engineers’ searches, then do your
own calculations. Calculate the
“hit” percentage (the data must be
there to be, in fact, retrievable),
the retrieval time versus your
present system, and the elimination
of papered squarefootage and the
time now expended keeping your
present system in some kind of
order. We invite you to take a
calculating look at Sweet'’s
Microfilm File.

We make engineers out of engineers.

SWEET'’S INDUSTRIAL DIVISION

McGRAW-HILL INFORMATION SYSTEMS COMPANY

Please send a complete information package
on Sweet's Microfilm File

Name

Title

Company.

Address.

City.

State Zip.

Send to Sweet's Microfilm File, Dept. EL-16
330 West 42nd Street, New York, N.Y. 10036
or call G. O. Stevens collect at 212-971-3586
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D.C. MICROAMPERES D.C. MICROAMPERES

movIL 420-C mODEL 420-0

THE PANEL INSTRUMENT WITH BUILT-IN FLEXIBILITY

TWO NEW SIZES! New Triplett G-Series Panel Instruments offer a modern design
g that features a greater degree of flexibility and interchangeability.
51/2” and 1 1/2” (Mln latu re) q Two types of mounting are available—conventional flush
type or behind-the-panel with a bezel for modern picture window
appearance. 2 The insert shield on the front of the meter
can be custom painted or printed to meet customer’s requirements.
Triplett’s famous self-shielded Bar-Ring magnet, with

one-piece die-cast frame, in all DC and DC suspension type
instruments.

In five popular sizes: 5%” DC and AC; 4%” DC and AC; 3%"
i DC and AC; 2%2" DC and AC; 1%” (conventional flush
mounting only) DC and AC rectifier type.

Circle 184 on reader service card

NOW IN FIVE POPULAR SIZES:
1%" (Miniature); 21/2” 3%";
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Avionics

Accelerometer has cut-rate price

A simplified force-balance design and such mass-production techniques
as chemical milling enable Endevco to offer single-axis units for $800

By Alfred Rosenblatt

Avionics and space editor

It was Earl Jacobs’ wristwatch—of
all things—that gave him ideas for
producing accelerometers with bar-
gain-basement prices.

“How can Timex turn out a time-
piece as complicated as my watch,
retail it for as little as $10, and still
make a profitP?” wondered Jacobs,
who is vice president of the En-
devco Corp., a subsidiary of Bec-
ton, Dickinson and Co., and man-
ager of the Inertial Instruments di-
vision, Santa Ana, Calif. “In our
field, we make accelerometers that
are no more complex, but we charge
upwards of $2,500 for them.”

Using his watch as a guide,
Jacobs developed a low-cost accel-
erometer by applying the simplifi-
cation and mass-production tech-
niques that have been so effective
for the General Time Corp. “Our
guiding rule in designing the ac-
celerometer was to try to keep it as
simple as possible,” Jacobs says.
“We didn’t try to solve problems
by adding a part—we tried to sub-
tract a part.”

Familiar form. The result—a min-
iature, single-axis accelerometer—
is being produced as the OA-123
series and priced from $500 to $800
in volume lots. Single units are
available for evaluation at $1,650.

This unit is equivalent to or bet-
ter in performance than any other

Electronics | June 10, 1968

currently available navigation and
guidance accelerometer, Jacobs as-
serts. The only exception, he says,
is the expensive pendulous inte-
grating gyroscope accelerometer.
The Endevco unit works along
the force-balance principle used
in conventional Eyestone-Wilson
types of accelerometers. However,

Modular. Accelerometer has an isolation preamp that plugs into the bottom

Jacobs’ approach centered on pro-
duction; he wanted to apply the
force-balance principle in such a
way that the unit could be made as
simply and cheaply as possible.

Inside job

In the Eyestone-Wilson sensor,
a pendulously supported proof

of the package. A servo quantizer will be available in the fall.
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Save Space and Money with

HIRSTIV HG

MULTI-CAP"

AND
DICED CHIP
CAPACITORS

American Lava offers you the in-
dustry’s widest range of materials
for ceramic capacitors; these include
high K‘s of 8000 and TC from P 120
to N 5600 ppm/°c.

For your convenience and further
savings MULTI-CAP ceramic capaci-
tors are stocked in 8 sizes from
.085 x .055 to .380 x .157. They
cover most requirements for high
capacitance to volume ratio units.
Details are given in Bulletin 682,
sent on request. Test samples
promptly available.

AlSiMag Diced Chip Capacitors
offer still greater space savings.
These unencapsulated chips, diced
from thin sheets of AlSiMag dielec-
tric, are made in sizes as small as
.020 x .020. Larger sizes and great-
er capacitances are available. Ask
for Bulletin No. 678.

In addition, Bulletin No. 673, sent
on request, is the most inclusive
publication yet issued on ceramics
for capacitors. With this basic data,
you can find the standard or cus-
tom made ceramic capacitor which
will give you the best performance
at lowest cost.

186 Circle 186 on reader service card

‘‘...we use chemical photoetching techniques
similar to those in the semiconductor field . ..”

mass is allowed to move with one
degree of freedom about an axis.
The slightest displacement of the
proof mass is sensed by a pick-off
connected to a servo circuit. When
a current passes through a torquer
coil, the coil allows an exactly lin-
ear force to be applied to the proof
mass. The servo circuit controls
the current in the coil in response
to the pick-off signal so that the
resulting electromotive force ex-
actly balances the inertial reactive
forces. Thus the current in the
torquer ceil is an exact measure of
the acceleration.

In Endevco’s Q-Flex design, the
proof mass and the flex joint about
which it moves are made from a
single blank of chemically proc-
essed quartz.

THIN FILM
PICKOFF
TORQUER LEADS

PROOF MASS \ FLEXURE
METALIZED

PICKOFF PLATE

One piece. Proof mass, flexture and
support are chemically milled from
a single quartz blank.

A slot is cut in the blank to form
a ring-shaped section, and a cen-
tral disk is connected by a narrow
bridge. The disk serves as the proof
mass, the bridge as a flexure, and
the ring-shaped section as the flex-
ure support. There are no jewel
pivots or bearings. Nor, says Ja-
cobs, are there the hysteresis, insta-
bility, and fatigue associated with
metal flexures.

Bridgework. The bridge section
is chemically milled to increase its
compliance perpendicular to the
central disk and to improve its
physical characteristics. A vapor-
deposited metal film on the central
disk is used for the capacitance
pick-off. Conducting leads from the
pick-off, across the flexure, and to
the torquer coil are also made of

thin metal film. Attaching the
torquer coil to the central disk
completes the proof-mass assembly,
which is then clamped between the
magnet structures.

The balanced capacitance-bridge
pick-off is formed by the metalized
part of the quartz proof mass and
the plates of the magnetic struc-
ture. A small gap between the mag-
net housing and the proof-mass as-
sembly yields a high degree of gas
damping.

Something borrowed. “In fabri-
cating the proof-mass assembly
we're using chemical photoetching
techniques that are similar to those
in the semiconductor field,” Jacobs
says. “By carefully controlling the
process we're able to get dimen-
sional accuracies down to 10 micro-
inches. One big cost-cutting advan-
tage is that we don’t have to make
any measurements along the way,
as we do with a machined part.
There are no adjustments, no com-
pensations. We complete a part us-
ing our standard procedures, and
then see what we've got.”

The dynamic range of the accel-
erometer is =20 g¢’s, according to
Endevco. Short-term bias stability
is 10 micro-g, long-term stability
50 micro-g. Resolution is better
than 1 micro-g.

The accelerometer is now avail-
able with an isolation preamplifier
that plugs into the bottom of the
package. In the fall, the unit will
be available with a self-contained
analog servo and servo quantizer
plug-ins, which can be easily re-
moved from the accelerometer
housing for modification or repair.

Specifications

Typical dynamic characteristics

Range +20g

Sensor power 0.4 mv/g?

Scale factor 1.0 ma per/g nominal

Nonlinearity (error) less than 5 micro-g/g®

Bias less than 1 milli-g

Bias stability 10 micro-g (short term)
50 micro-g (long term)

Bias repeatability 25 micro-g

Bias temperature

sensitivity 10 micro-g/°F
Initial axis alignment better than 1 min arc
Threshold less than 1 micro-g
Resolution better than 1 micro-g
Cross-coupling

coefficient 10 micro-g/g®

Endevco Corp., 3015 South Kilson Dr.,
Santa Ana, Calif. 92707 [338]
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HERE'S HOW...

THE ELECTRONIC INDUSTRY IS USING
THESE FAMOUS ULANO FILMS IN
ULTRAMINIATURE MASK TECHNOLOGY
AND COMPLEX PRINTED CIRCUITRY

Now carefully peel off the film as
outlined leaving a completed mask,
positive or negative, that corresponds
exactly to the desired pattern.

Cut a piece of the desired film
large enough to cover area to
masked. Tape it down firmly
the top with dull-side up.

be
at

With sharp blade, out-
line the areas to be
masked. Do not cut
through the backing
sheet. The Ulano
Swivel Knife does the
Jdb quickly, easily.

Using the tip of the blade, lift up a
corner of the film thus separating it
from the backing sheet.

RUBYLITH"

HAND CUT MASKING FILMS FOR THE GRAPHIC ARTS

ULANO RUBYLITH...a revolutionary knife cut red
film is laminated to a stable transparent plastic
backing sheet. The red film is “light safe’” so that
when contacted to a sensitized emulsion and ex-
posed to a suitable light source, light passes through
the cut-out portions only ., . . not through the red
film. ® The polyester backing is absolutely stable
...insures perfect register, m Special effects such
as crayon tones, paste ups, benday sheets, and
opaquing are easily combined with versatile ULANO
RUBYLITH.

ULANO AMBERLITH . . . a companion to Rubylith

serves as a color separation medium used as the

master on camera copy board to secure negatives or
ositives.

i A wide variety of Ulano films—

in rolls and sheets—is readily available

AMBERLITH"

Pesigned
FOR YOUR PARTICULAR NEEDS

Ulano offers the most versatile line of hand-cut
masking films, including:

.0075—RUBYLITH75DR* .005—RUBYLITH 5 DRt
.005—AMBERLITH 5 DAY

Where exact register assures a critical importance,
you will find these new, thick, polyester based films
the positive answer,
* Available in sheets only, cut to your specifications
TAvailable in rolls and sheets
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WRITE TODAY
on your letterhead for free
special sample kit 1748

“Ulano’?’Rubylith"~"’Amberlith" are regist
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d trade marks of the Ulano Companies.

11238

an 61,0 ' DEAN STREET: BROOKIEY:N, N Y
In Europe: ULANO A.G., Untere, Heslibachstrasse No. 22, Kusnacht, Zurich, Switzerland
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SCIENCE. SCOPE

The BADGE air defense system which will safeguard Japan against aerial attack
was completed on schedule. Its network of sites extends from the northern tip
of Hokkaido to the southern end of Kyushu. System was accepted in Tokyo re-
cently by the Self Defense Agency of Japan.

Nerve center of BADGE is its high-speed Hughes computers. In seconds they
will enable the system to detect, pinpoint, and identify a potential airborne
threat. .. tell pilots and missilemen its altitude, speed, and direction...and
automatically select the best defensive weapon to counteract it.

A new underground air defense center completed recently in Belgium is the first
operational link in the $300-million NADGE system that will provide 10 NATO
nations with an integrated early-warning and weapons-control system extending
from Norway to Turkey. It will be used in conjunction with command centers
Hughes will build in Belgium, The Netherlands, and West Germany. Hughes is
providing data processing computers and programming for the entire NADGE
system.

Three promising uses for lasers developed by Hughes include: 1) A laser trim-
mer for the manufacture of precision hybrid microcircuits. Trimmer uses a
gas argon laser, is ideal where a probe-type tool is undesirable, 2) The first
tank fire-control system that integrates a laser rangefinder with a high-speed
analog computer. It is now being tested on the Belgian army's Mark 47 tank.

3) Color TV transmission by laser beam. New system has been demonstrated
on an 18-mile link over land and water, and shows a remarkable ability to pene~
trate smog and haze.

The Collier Trophy for significant achievement in aeronautics and astronautics
in 1967 has been awarded to Lawrence A, Hyland, representing the Surveyor
program team at Hughes, Jet Propulsion Laboratory, and associated organiza~-
tions. Hyland is vice president/general manager of Hughes.

The Surveyor program for which Hyland received the award set the amazing
record of five successes out of seven launchings -- including three soft land-
ings on the moon in 1967.

A new mass sensor demonstrated recently by Hughes research scientists is the
first instrument that is sensitive enough to measure extremely small gravita-
tional forces -- yet can be made rugged enough to fly on an aircraft or spacecraft.

Potential uses for the sensor would be aboard an airplane, to make a fast, gra-
vitational-field survey of the earth to detect oil or mineral deposits; aboard an
orbiting satellite, to map the mountains, valleys, and craters of the moon.

Creating a new world with eléctronic:
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New Components Review

EMC/RFI filters series 75000, for
use in low voltage circuits, com-
bine high capacitance-low voltage
ceramic capacitors and high cur-
rent inductors in a sealed device.
Measuring 0.400 in. diameter x
0.370 or 0.100 in. body length,
units have max. d-c resistance at
25°C of 0.1 or 0.01 ohm, re-
spectively. Electro Materials
Corp., 11620 Sorrento Valley Rd.,
San Diego, Calif. [341]

Welded half-size crystal can re-
lay BR 26 features single-coil
design and meets MIL-R-5757.
Universal contacts permit opera-
tion from dry circuit to 2 amps
with the same contact set, at
coil voltages of 6, 12, and 26
v d-c. Max. operate/release time
is 4 msec. Temperature range is
—65° to +125°C. Babcock Elec-
tronics Corp., 3501 Harbor Blvd.,
Costa Mesa, Calif. [345]

Solid state variable current lim-
iters allow the user to obtain a
continuously  variable constant
current with a ranging capability
of 50 to 1. Current limiting
capabilities are from 1 pa to 50
ma with input ranges from 5 to
35 v. Level stability is an order
of magnitude better than that of
fixed current limiters. Wall Elec-
tronics Co., 3821 Commercial
N.E., Albuquerque, N.M. [342]

7
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The Digivac readout tube has 7
triodes with a common anode and
cathode sealed in a rugged glass
envelope. The anode of each tri-
ode forms a segment about 8 mm
x 1 mm which is covered with
fluorescent material that ensures
high visibility characters. Viewing
distance is over 40 ft.; viewing
angle, 150°. Tung-Sol Div., Wag-
ner Electric Corp., 1 Summer
Ave., Newark, N.J. [346]

Flat Pak packages for IC's, dis-
crete components and hybrid cir-
cuits are designed to meet critical
military and industrial require-
ments. A wide variety of standard
and special package sizes are
available from 14 to 30 leads,
from Y x 3s in. to 0.85 x 0.2
in. sizes. Units conform to MIL
STD 705A. Space Ordnance Sys-
tems Inc.,, 25977 Sand Canyon
Rd., Saugus, Calif. 91350. [343]

Reed switch WR126 is a mercury
wet, spst Form A type that is
bounce free and completely stable
in its contact resistance and
pull-in sensitivity. It is 1.63 in.
in over-all length and 0.130 in.
in diameter. Contact ratings are
50 w (d-c resistive), 50 va (a-c
resistive). It switches 1 amp at
50 v d-c for 50 x 10° operations.
Gordos Corp., 250 Glenwood Ave.,
Bloomfield, N.J. 07003. [347]

Precision pot model 1090-1001
offers advantages in applications
involving high signal frequencies
and need to minimize noise dur-
ing adjustment. Specs include
max. capacitance of 1.5 pf, max.
inductance of 0.15 uh, total re-
sistance of 1,088 ohms *10%.
Linearity is 1%, temperature co-
efficient 420 ppm/°C. Digilog
Electronics Corp., 701—3rd Ave.
North, Seattle 98109. [344]

Military-type crystal can relay
79N is a low-cost, 2pdt dry cir-
cuit-to-3 amp unit that switches
minimum current (100 ma to 0.5
amp) with the same reliability as
dry circuit and load current. A
new contact design permits the
relay to meet a 100,000-cycle,
no-failure test over its full range.
Electronic Specialty Co., 19000
N.E. Sandy, Portland, Ore. 97200.
[348]

New components

Connector withstands high temperature

Designed for aerospace applications,
high-voltage unit is completely sealed

The aerospace industry has been
pushing for the development of
new connectors to withstand the
severe environments encountered
in outer space. One of the problems
has been developing high-voltage
units that can operate at high tem-
peratures. Amphenol Corp. has de-
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veloped a unit that, the company
says, solves part of the problem. It’s
a five-contact, hermetically sealed
power connector that withstands
50 cycles of thermal shock over a
—65 to 1,000°F range.

While other 1,000°F connectors
have been developed, says William




 WANG'S
versatile,

expan

dable

calculator/computing systems

A unique building-block approach.
You can specify the exact amount
of power and versatility you need
from a wide range of optional capa-
bilities. (Wang offers more than all
other electronic calculator manu-.
facturers combined.)

Obsolescence-proof problem solving.
Begin as simply as budget and re-
quirements dictate. Add-on com-
patibility ensures that your initial
purchase is never obsolete. Simply
add modular capabilities to match
your needs.

You can standardize on 300 Series.
A growing number of companies
use them to solve everything from
basic arithmetic computations to
complex equations and program-

med calculations. Models 370 and
380 Programming Keyboards
branch, loop, do sub-routines, make
decisions and manipulate arrays to
put true desk top computing power
at your fingertips. Each is furnished
with the most comprehensive pro-
gram library available.

No waiting for computer time.
Direct accessibility and immediate
results on Wang 300 Series enable
you to proceed directly to the im-
portant areas of analyzing and
applying the information generated.
Complete Wang systems can be
purchased at less cost than renting
a larger, less versatile system for 1
year. For application assistance or
an immediate demonstration, call
your nearest Wang office.

&=WANG

LABORATORIES, INC.

Dept. 6-H, 836 North St., Tewksbury, Massachusetts 01876 * Tel. 617 851-7311

In Major Cities, Tel:

(201) 241-0250 (215) 642-4321
(203) 666-9433 (216) 333-6611
(205) 245-6057 (301) 588-3711
(206) 622-2466
(212) 682-5921
(213) 278-3232
(214) 361-4351

(313) 278-4744
(314) 727-0256
(317) 631-0909
(319) 365-2966
(402) 341-6463
(404) 457-6441
(405) 842-7882

(312) 456-1542

(702) 735-5802

(412) 366-1906 (514) 482-0737

(512) 454-4324 (617) 851-7311

(513) 531-2729 (702) 322-4692 (919) 288-1695
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... connector is sealed
on all sides . ..

Mashek, engineering project mana-
ger for Amphenol Connector, these
haven’t been hermetic configura-
tions capable of handling high
power under severe environmental
conditions, such as in aerospace ap-
plication. Amphenol’s connector is
specified for corona-free operation
at 80,000 feet at 450 volts d-c, and
has a service life of more than 50,-
000 hours.

Alumina insert. The prototypes
each contain five size 16 pin-and-
socket contacts with an alumina ce-
ramic dielectric insert. The ceramic
is metalized on selected areas and
then brazed to the contacts and shell
to effect the hermetic seal. The
alumina is sealed to the shells and
contacts through an intermediate
member that compensates for differ-
ences in thermal expansion charac-
teristics. The back shell is then
tightly packed with magnesium ox-
ide powder to both support and
insulate the conductors and fill all
air voids.

Integral insulating risers and de-
pressions provided on insert faces
around each contact increase the
electrical path and improve over-all
voltage-handling capabilities.

The prototype connector’s socket
contacts are tinned, encircled with
a C-shaped Inconel X-spring band
to assure pressure without relaxa-
tion at 1,000°F, and then provided
with a cylindrical hood. Various
types of contact terminations are
available.

Power contacts, shells, and cou-
pling rings are constructed of type
347 stainless steel, a superior kind
that provides excellent carbide sta-
bility and better corrosion and ele-
vated-temperature properties.

More seals. The connector is cou-
pled through a threaded ring con-
structed with wrench flats. When
the ring is tightened, a seal in the
shell is pressed into place. The pin
contacts are fully recessed in either
plug or receptacle shell, eliminating
the possibility of misalignment
damage.

Two additional seals—one at the
cable-connector junction and one
as an interfacial seal—contribute to
high environmental performance.

Amphenol Connector Division, Broad-
view, lll. [349]
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New components

Delay line
is IC size

Screw-adjusted unit has
a range of up to 40 nsec

and a resolution of 2% \ir;;

v
No one has yet put control knobs ; , e il e e
on integrated circuits, so an engi- ; | N ;_\_/‘,/ L e
neer working with IC’s has to build / N s

into his system some way of mak-
ing final adjustments. If he uses
adjustable components, they must
be small if the size advantage
of IC’s is to be kept.

For circuitry that can be adjusted
by changing delay times, Bel Fuse
Inc. is offering a delay line that’s
hermetically sealed in a 3/8x1/2x
3/4-inch case and is continuously
adjustable up to 40 nanoseconds.

Called the model DV, the unit is
priced at $5. “Compared to flip-
flops, delay lines are an inexpen-
sive way of delaying signals in a
logic network,” says Stanley Sand-
ler, Bel’s chief engineer. Sandler
notes that small, adjustable delay
lines like the DV are particularly
useful in close-tolerance systems.

Smaller and smaller. The DV is
an electromagnetic unit. When the
adjustment screw is rotated, a con-
tact slides over a coil, changing
the delay time. The DV is 1/20th
the size of units with similar per-
formance characteristics, according
to Sandler, but he says there’s no
dramatic reason why Bel was able
to get the size down. The only ex-
planation he can give is that the
company makes all the parts that
go into the DV, and thus was able
to continually modify the compo-
nents during development.

The delay line comes in four
models. The DV105 is adjustable
to 5 nsec and has a 100-ohm im-
pedance and a 5-msec rise time.
The DV220 goes to 20 nsec, its
impedance to 200 ohms, and rise
time to 15 nsec. For the DV330, the
delay is 30 nsec, impedance 350
ohms, and rise time 20 nsec. The

i

ally from an electroni
is supplied with ea
This special serv
is your assurance

vs frequency test, record

mers desiring tem-
ure run on other crys-
' types and oscillators.

CRYSTAL MFG. CO, INC.
10 NO. LEE

OKLA. CITY, OKLA. 73102

figures for the DV540 are 40 nsec,
500 ohms, and 25 nsec.

Bel Fuse Inc., 203 Van Vorst St., Jer-
sey City, N.J. 07302 [350]
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What happens
when you cram

into the same board space’

You get a CORNING®
TYO Glass Capacitor.

For jobs up to 1000 pf.

Costs the same as most CK05’s.
Takes the same effective board space.
Same lead spacing on 0.2"” centers.
For dense packaging.

And ten times the stability.

With our proven glass dielectric.

Capacitance change is less than 0.5%.

After 2000 hours at 150% rated voltage, at 125° C.
Meets or exceeds all applicable requirements of
MIL C-11272.

Get specs and samples from:
Corning Glass Works, Electronic Products Division,
Corning, N.Y. 14830

CORNING

E L E C T RGONIOCS




New Instruments Review

IC tester model 101 is a labora-
tory unit featuring two indepen-
dent power supplies for collector
supply voltage (V o) and logic
level “'1. The two supplies are
so designed that logic level “1"
can be no higher than 0.5 v below
V oo Range of the V oq supply
is 1 to 15.5 v and for logic level
W), 0.5 to' 15 V. Price [Is.$275.
AEI Instrument Co., 3691 Lee
Road, Cleveland 44120. [361]

Variable set point pressure trans-
ducer model 107A is completely
self-contained and can be manu-
ally set anywhere in the range
from 0 to 120 psig. It produces
a nominal output of —1.5 to +1.5
v d-c over a range of —20 psi to
+20 psi about the set point.
Linearity is better than +1.0%
over the =20 psi range. Robinson-
Halpern Co., 5 Union Hill Rd.,
West Conshohocken, Pa. [362]
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Random data generator 213A fea-
tures pseudo-random word lengths
to 1,023 bits and bit-for-bit error
detection and display. The unit is
suited for worst-case pattern
testing of memory elements and
data transmission links. Clock
rates are available to 10 Mhz.
Price is $2,285; delivery, 8 weeks.
Datapulse Inc., 10150 W. Jeffer-
son Blvd.,, Culver City, Calif.
90230. [363]

Digital clock model 103 measures
elapsed time, accurate to 1/100
sec. Interchangeable with stand-
ard-size electromechanical timers,
it is silent, contains no moving
parts to wear out and stays ac-
curate to within 0.01% at all
times. Nixie tubes display elapsed
time, continuously recycling when
clock reaches 9.99 sec. Scherrer
Instruments, 5449 Delmar Bivd.,
St. Louis, Mo. [364]

Utility test set UTS-41 combines
capabilities of as many as 6 dif-
ferent devices (power supply,
alternator, rheostat, counter and/
or timer) formerly required for
use such as calibration and per-
formance testing of under-and
over-voltage frequency relays. It
features 100 msec power fre-
quency measurements. Darcy In-
dustries Inc.,, 1723 Cloverfield
Blvd., Santa Monica, Calif. [365]

Corona test set model 4074 in-
corporates a Hypot with a 10 kv
at 0.25 kva maximum continu-
ously variable corona-free output.
Output voltage crest factor is
better than 5%. The corona de-
tector consists of a scope with a
verticle amplifier sensitivity of 3
mv/in. at max. gain. The 4074
is priced at $2,250. Associated
Research Inc., 3777 W. Belmont
Ave., Chicago. [366]

Polar charts can be slaved di-
rectly to an external positional
control signal with the model 130
servo-chart drive. The unit is for
use in concert with the model
2305 level recorder, capable of
accurate signal levels over 2 hz to
200 khz. Typical uses include re-
cording of frequency response
measurements of tape recorders.
B&K Instruments Inc., 5111 W.
164th St., Cleveland. [367]

IC tester model 1740 provides
parametric and functional opera-
tional measurements. Applications
include incoming inspection, wafer
sorting, and final inspection. The
unit is capable of forcing voltages
or currents and performing the
measurements either go/no-go or
readout, utilizing a front panel
mounted dvm. Miracle-Hill Elec-
tronics, 320 Martin Ave., Santa
Clara, Calif. [368]

New instruments

Spectrum analysis for only $1,300

Modulation meter system can be used
with scope for testing applications

Spectrum analyzers are expensive.
Prices of $10,000 are common,
while adaptors for oscilloscopes
cost about $2,000 or $3,000.

But for engineers working in tel-
emetry, testing receivers, or analyz-
ing and calibrating communications
links, low-cost spectrum analysis

~<—Circle 192 on reader service card

is possible with a series 2000 modu-
lation meter system. Built by the
New London Instrument Co., a di-
vision of the Crescent Communica-
tions Corp., the 2000 is a modular
system that allows users to make
a variety of measurements, at a
variety of frequencies and at sev-

Modular. Instrument system can be
used to perform many functions.
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Because of Hamilton's adherence to precise tolerances
—metallurgical and dimensional—you get just the prop-
erties you need for your application. You get exactly the
tensile strength, elasticity, hardness, finish and di-
mensional tolerances to do your job right the first time
and all the time.

Every lot of Hamilton strip and foil is produced under
rigid control of mechanical properties through alloy
analysis, annealing and heat-treating; the closest dimen-
sional control by means of X-Ray and Beta-Ray gages;
superior surface finish through the use of diamond
lapped work rolls and process cleanliness.

This same technical ‘‘know-how’’ goes into the process-
ing of every one of our 7 proprietary metals, 12 pure
metals and 112 commercial alloys rolled in thicknesses
from 0.060" down to 0.000070” in widths up to 12" and
continuous coils to 1000 Ibs.

Write, wire or phone giving us the material you desire
and the properties you need. We'll tell you how fast we
can get it to you—in quantity! Or, write for our latest
catalog containing our capabilities and engineering data
on all our materials.

RECI!

()

ION METALS

- e S
Division of Hamilton Watch Company, Lancaster, Pa. 17604
Telephone 717-394-7161 TWX 717-560-4417
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.. . performance is good
for on-site testing . . .

eral degrees of accuracy—all de-
pending on the user’s choice of
plug-in radio-frequency, video, or
intermediate-frequency units.

Now the firm has added a new
i-f module that can turn the least
costly oscilloscope into a spectrum
analyzer capable of displaying a
carrier, its sidebands, or its mod-
ulation waveshape. Dispersion is
variable, and ranges as high as ==3
megahertz; resolution is about 5
kilohertz at the —60 decibel points.

Although specifications and flex-
ibility can’t match those of $10,000
analyzers, any lack in this area is
said to be offset by the extremely
low cost. And besides, say New
London engineers, performance is
easily good enough for the on-site
calibration and signal-study appli-
cations suited to the system.

The real cost. To use the series
2000, one must buy an i-f module
anyway—and New London offers
six that cost as much as $1,500.
The model 2004 costs about $1,000,
while the 2005—with exactly the
same specifications plus the ability
to turn your low-cost oscilloscope
into a spectrum analyzer—costs
only $300 more. Not a bad premium
when compared with the $10,000
price for all-purpose spectrum an-
alyzers.

The 2005 includes a sweeping,
voltage-controlled local oscillator
in its i-f circuitry. If the oscillator
is swept, the output of the i-f strip
sweeps too, and this swept i-f
product is available at a front panel
jack on the 2005.

If the local oscillator were fixed
in frequency, the output from the
i-f strip would be proportional to
the deviation of the frequency-
modulated signal being studied.
However, when the oscillator is
swept, it will show, as does a
spectrum analyzer, frequency ver-
sus amplitude on an oscilloscope.

Metamorphosis. The sweep sig-
nal is taken from the user’s oscil-
loscope. Almost all oscilloscopes
have a sawtooth wave output jack
on their front panels, and this can
be patched to the “mod & sweep
input” jack on the 2005. A second
cable connects the vertical output
jack on the 2005 to that input on
the scope. Now the user rotates
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Bold, New
Fine-Coat
Abrasive!

Pfizer's new Ultralap® has
fine abrasive oxides
dispersed in a polyester
binder and deposited on a
tough polyester base.

Ultralap’s fine abrasive
particles are of such
precisely uniform size that
their action is radically
different from conventional
fine-coat abrasives.

Ultralap does a far better
job, in far less time than
any other abrasive you have
ever used.

Ultralap, in sheets, discs
or rolls, may be the answer
to your production polishing
and lapping problems.

Let us give you all the
details about this new
material. Just write:

MINERALS, PIGMENTS
& METALS DIVISION
235 East 42nd Street
New York, N.Y. 10017

Circle 274 on reader service card

the selector switch on the 2005 to
the “spect” position, and his scope
has become a spectrum analyzer.

With an f-m signal fed into the
modulation meter-oscilloscope com-
bination, the display is a quick way
of spotting peak deviation by null-
ing or “Besseling out” the center
frequency and doing some quick
computation with a known value
of modulation rate. Simultaneously,
the 2005 can display incidental
amplitude modulation on one of
its two panel meters.

Deviation measurements can be-
come complex if the modulating
signal isn’t a pure sine wave; it
can even be difficult to determine
the exact center frequency of the
modulated signal with useful ac-
curacy. But the addition of a cali-
brated peak detector can solve this
problem with the meter-oscillo-
scope combination. The detector
allows inputs to be measured and
displayed as if they were sine-
wave-modulated, regardless of the
actual modulating waveshape. For
the curious, the true shape of the
modulating waveform can also be
displayed through the 2005 and
the user’s scope.

Specifications

I-f frequencies 5 and 30 Mhz

Bandwidth 4 and 20 Mhz
Discriminator 5% linearity, 6 Mhz
Calibration Internal-external, and ex-

ternal (scope)

Price $1,300

The New London Instrument Co., a
division of the Crescent Communica-
tions Corp., 153 California St., New-
ton, Mass. 02158 [369]

New instruments

Computing counter
can measure rpm

Control is fully automatic
and low-frequency readout
is direct with this machine

A fully automated computing
counter with five-digit resolution
between 1 hertz and 10 megahertz
has been developed by the Time
Systems Corp. The new unit, the

angle wave forms features a
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IT'S NO PUZZLE...

WHY THE DATA ROYAL
MODEL F210A WAVEFORM
GENERATOR IS RAPIDLY BE- |
COMING THE MOST SOUGHT |
AFTER FUNCTION GENERA-
TOR IN THE INDUSTRY.

This truly versatile source of |
Sine, Square, Ramp and Tri-

frequency span of .005 Hz to
3 MHz, voltage control of fre-
quency, a precision attenua-
tor supplying both 50 0 and
600 Q outputs, plenty of out-
put power and a host of other
features designed with the
user in mind. All of this for
only $585. Send for com-
plete specifications on this
as well as 18 other Signal
Generator Instrumentation
Modules from Data Royal.

DATA OYAL
CORPORATION

8014 ARMOUR STREET
SAN DIEGO, CALIF. 92111
PHONE: (714) 279-4020
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HYSOL moisture
resistant compatible
semiconductor
molding powders

Extensive testing of our new HYFLO® semi-
conductor grade epoxy molding powders, con-
ducted on actual devices, shows: moisture resis-
tance superior to the requirements of MIL
STANDARD 202 method 106B; compatibility with
semiconductor materials in virtually all applications
.+« NO corrosion, no ionic contamination.

These dramatic improvements make it
possible to have the inherently excel-
lent electrical and physical properties
of epoxies, and the production econ-
omies of transfer molding, on elec-
tronic designs where epoxy molding
powders didn't do the job before.

Get the complete information on the

- /3 newfamilies of HYFLO® semicon-

ductor grade epoxy molding powders

now. Write, wire or phone HYSOL,

Department EM-68, Olean, N. Y.

14760. Ask for semiconductor
molding tech data.

nvSoL HYSOL DIVISION

THE DEXTER CORPORATION
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. . . direct readout
at low frequencies. ..

model 272, is able to provide direct
readout of low frequencies—rather
than just period measurements—
and can measure revolutions per
minute.

“At low frequencies,” explains
Al Malvino, a Time Systems vice
president, “users until now have
had to read in microseconds and
then figure out what the frequency
of the signal was. All we did was
add a digital computer circuit to
find the reciprocal of the time unit.
That reciprocal appears as the fre-
quency readout.”

To measure rpm, light from a
single reflecting dot on a rotating
shaft is converted into a pulsed
or waveform signal with which the
counter can work. “Optical ta-
chometry is a very simple opera-
tion,” Malvino notes. The counter
will measure between 10 and 99.-
999 rpm.

Integrated. The circuitry is 85%
to 90% integrated and is mounted
on four boards. Two are for the
counter, one for the computer, and
one for the autoranger that auto-
matically illuminates the correct
decimal point and “khz” when the
readout goes into the kilohertz
range. Binary coded data and nega-
tive or positive logic outputs are
available as options.

As important as the direct low-
frequency readout and rpm meas-
urements, says Malvino, is the auto-
mated control feature. Sample
measurements are automatically
held in the memory and the com-
putations are read out approxi-
mately once every second. “This
not only means the user isn’t
plagued with constant flickering,
but that display time intervals are
absolutely fixed,” he says.

“We’ve set those controls that
were once manually operated at
their optimum positions,” he con-
tinues. The memory is always on,
the slope is preset to positive, and
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Who Needs
Hertz® .?

*.l to 10 Mega-

Let

FORK
STANDARDS

put you in the
driver's seat!

Whether you need millihertz,
megahertz or in between, Fork
Standards builds oscillators to
your requirements . . . with
fast delivery . . . prototype or
production quantities.

Precision Oscillators:

® Tuning fork, crystal,
or LC controlled

.1 Hz to 10 MHz

Sine or square wave
Standard or custom
Commercial or MIL Spec
| C compatible

Chassis or PC board
mounting

FORK
STANDARDS, INC.

211 Main St., West Chicago, lli. 60185
Telephone Area Code 312—231-3511
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the trigger point is set at zero.

The trend, according to Malvino,
is toward completely automatic
control of counting instruments.
“The more we can automate the
counter, the better off we’ll be.
Not only does automatic control
simplify the work to be done with
the counter, but it means that any-
one can use it. You don’t have to
be able to adjust the trigger point
and you don’t have to know what
a reciprocal is.” The model 272 has
only a power on/off switch and a
readout reset button in the way of
manual controls.

First jobs. The counter should
find a variety of applications. Mal-
vino says it has already been used
by the International Business Ma-
chines Corp. to measure the rpm
of peripheral equipment, and by
the Navy to check out gyroscopes.
Electric-power utilities may soon
use it to stabilize 60-cycle current,
he adds.

The executive expects the
counter to be employed in velocity
measurements, oscillator stabiliza-
tion, doppler shift, low measure-
ments, vibration testing, and in
medical instrumentation.

Priced at $1,500, the unit will be
available on 30-day order. It weighs
15 pounds and is 3% inches high,
1634 inches wide, and 16 inches
deep.

Time Systems Corp., 2239 East Mid-
dlefield Rd., Mountain View, Calif.
94040 [370]

New instruments

System keeps
eye on hoise

Level in signals received
in nets is measured,
compared to limits

When the question is how much
noise should be tolerated in inter-
national communication nets, it’s
in every country’s interest to agree.
And most nations go along with
the maximum noise levels suggested
by the International Telecommuni-
cations Union in Geneva.
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PROBABLY THE MOST
VERSATILE FUNCTION
GENERATOR EVER MADE.

The Model F230A is actually
6 instruments in one. Al-
though we call it a Triggered
Sweep Frequency Generator 1
it is also a sine, square, ramp, |
triangle and sine/square gen- |
erator; .005 Hzto 3 MHz Tone
Burst Generator; Wide Band
Voitage Controlled Oscillator;
75 nanosecond rise time pulse
generator and a .001 Hz to
100 KHz Sawtooth Generator.
All of these features combined
with an $805 price makes this
Signal Generator Instrumen-

| tation Module a must for any
laboratory.

CORPORATION

)»DATA OYAL |

8014 ARMOUR STREET
SAN DIEGO, CALIF. 92111
PHONE: (714) 279-4020
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Low cost.
High quality.

Douglas Randall series G reed relays offer outstanding
benefits in economy and reliability because of simplified
design. Rugged bobbin construction features heavy duty,
integrally mounted coil terminals.Switch leads are welded
to the terminals to increase reliability and eliminate heat
stress. Stand-off shoulders are an integral part of these

terminals to maintain clearance

3
|

between the circuit board and the relay
for cleaning. M Series G relays are avail-
able in 6-12-24V ratings in addition to
other coil voltages. Standard units are stocked for imme-
diate delivery and specials are available to specifications.
Either way you get the benefit of Douglas Randall’s
extensive experience in the manufacture of reed relays
to exacting requirements at utmost economy. ® For in-
formation or assistance, contact: Douglas Randall, Inc.,
6 Pawcatuck Ave., Westerly, Rhode Island 02891.

fl‘”’

Douglas Randall, Inc. §
Division of Walter Kidde & Company, Inc. Kidde

Circle 198 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.
It’s the industry’s one-stop shopping
center that lets you find the products
and services you need quickly.

You can depend on EBG.

Electronics Buyers’ Guide

A McGraw-Hill Market Directed Publication,
330 West 42nd Street, New York, N.Y. 10036
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... power is computed by
a square-law device. ..

As the number of communica-
tions links between Europe and the
U.S. increases, the U.S. will prob-
ably rely more and more on the
ITU standards.

With this in mind, Siemens AG
of West Germany has introduced
in the U.S. its noise integrating
measuring setup, type K1003, which
measures noise power in either
radio-link or carrier-frequency sys-
tems and compares it to preset lim-
its.

Siemens has already delivered
some units to European customers.
In most countries the government
monopolizes the communications
industry, so sales so far have been
to government agencies, says Al-
fred Oprotkowitz, a Siemens sales
engineer in the U.S. “But in the
U.S. we expect to interest compa-
nies like Bell Labs, ITT, Western
Union, and RCA.”

There are five components in the
K1003—two noise level meters, a
computer, a printer, and a cabinet
containing an analog-to-digital con-
verter and control unit. In carrier-
frequency systems, the noise level
meters are replaced with psophome-
ters.

Slot check. The level meter meas-
ures noise in the baseband and in
two narrow slots, one just above
and the other just below the base-
band. There are three outputs—a
baseband noise signal, a slot noise
signal, and a weighted slot noise
signal, one that has been compen-
sated to account for ear sensitivity.

The weighted signal is amplified
and fed to a square-law unit whose
output voltage is proportional to
input power. The square-law output
goes through the a-to-d converter
to the computer. Every 60 seconds

Seeing Red. Printout is in red when
hourly average noise level is too high.
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LOW DENSITY
HIGH STRENGTH
MATERIALS

Eccosyn Syntactic Plastics are unique in the world of
materials! Provide low density, high strength-to-weight;
ideal for aerospace, hydrospace and structural uses.
Casting resins, pack-in materials, adhesives and other
are described in new literature.

Circle 510 on readers service card

DIELECTRIC
MATERIALS CHARTS

] NS
: s ] GiazEe
ig® %

Charts in full color contain data
on all important materials used
by electrical and electronic en-
gineers.

Circle 511 on readers service card

LOW LOSS ®
CASTING RESINS

Cross-Linked Croll Lonk:
PoITTERe L ow Densit

Opag Opaque
i 0 0.7
Yeps 2.6 2.6 2.5 19

11040cpg <0001 <0.001 <0001 <.0.001

© «170 30 1y +300 5510 4300 63 to +300
(Relativel Fair Fair Good Good
Relurival Fair s Crand Gand

FREE CHART

Ten Low Loss systems are offered for both
room and elevated temperature cure. Dis-
sipation factors are below 0.001 for mini-
mum effect on circuit operation. Dielectric
Constants as low as Temperature
capability to 400°F.

Circle 512 on readers service card

Emerson & Cuming, Inc.
CANTON, MASS.
GARDENA, CALIF.

NORTHBROOK, ILL.
Sales Offices
in Principal Cities

EMERSON & CUMING EUROPE N.V., Oevel, Belgium
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. .. 2,700-channel systems
can be monitored . ..

the computer calculates average
noise power for the past minute and
the past hour, and compares min-
ute power to some preset value be-
tween 47,000 and 50,000 picowatts,
and hour power to two separate
preset values, both between 100
and 96,000 picowatts. The three
comparative values are read into
the computer through the printer’s
keyboard and can be changed dur-
ing operation.

The unweighted signal is ampli-
fied, squared, and integrated over
a 5-millisecond period. The inte-
grator’s output is compared to a
reference voltage, and the number
of times the reference is exceeded
in a minute is counted and stored
by the computer.

The baseband signal is com-
pared to a reference voltage every
second and the number of times
this reference is exceeded in a min-
ute is also counted and stored. The
reference can be attenuated from
0 to 3 decibels, allowing the K1003
to handle systems with 60, 120, 300,
600, 960, 1260, 1800, and 2,700
channels,

For the record. Of the four pos-
sible printout formats, only one is
continual; every minute the system
records the date, time, average
power for the minute in picowatts,
a one or zero to indicate whether
or not this is over the limit, and the
number of times the baseband limit
was exceeded in the minute.

In the other formats, information
is released only when one of the
limits for weighted-noise power is
exceeded. Average power for the
preceding hour, whether the lower
and upper hourly limits have been
exceeded, and the number of times
the output of the 5-msec-integrator
exceeded the reference can be
printed in addition to what’s shown
in the continual format. If the min-
ute or lower hour limit is exceeded,
the printout is black. If the average
noise power for a 60-minute period
goes over the upper limit, the print-
out is red.

The K1003’s delivery time is six
months and the cost in the U.S. is
$60,000.

Siemens America Inc., 350 Fifth Ave.,
New York 10001 [371]
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WHAT DO YOU
EXPECT FOR

- $545.00...7

- How about a Sine/Square

~ Generator with 10 Hz to 10
MHz frequency span; 10nsec
rise time, low harmonic dis-
tortion, .1 db frequency re-
sponse, rock solid stability
and 200 MW output power
with both 50 0 and 600 O
outputs.

Circle the reader service card
and we will let you know what
else to expect from the Model
F320A, just one member of a
large family of Signal Genera-
t(;r Instrumentation Mod-
ules.

8014 ARMOUR STREET
SAN DIEGO, CALIF. 92111
PHONE: (714) 279-4020
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New
Tight
Specs

and Super-versatility from DC to 120 MHz with RCA CA-3028B

Voltage gain (typ) | diff.
@10.7 MHz cascode
AGC range (typ)

@10.7 MHz

Input offset voltage (max)

@ =12V

Input offset current (max)
@ =12V

Input bias current (max)

@ +=12V

Max. p-p output

voltage swing (min)

@ == 12V (Ri=1.6kQ,
Voltage gain (min)

@ += 12V (Rt =1.6 kQ,
f=1kHz)

CA-3028A
89¢ (1,000 units)

32X
98X

62 dB

106 pA

CA-3028B
$1.25 (1,000 units)

32X
98X

62dB
5mV
6 uA
80 uA

15V

40dB

e Single or dual power supply

e Controlled input-offset voltage and current

e Controlled input bias current

e Unique—use as Differential OR Cascode Ampl

o RF, Converter, and IF in Commercial FM receivers
e Limiter

e Oscillator

o Mixer

e TO-5 package for —55° to - 125°C operation

See your RCA Representative for full details. Ask

your RCA Distributor for his price and delivery. And for
full technical information and Application Notes on
the CA-3028A and the tight spec CA-3028B, write RCA.
Electronic Components, Commercial Engineering,
Section IC-N-6-1 Harrison, N. J. 07029.

RGACEE
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New Subassemblies Review

Compact, 8 K x 40 random access
core memory series 500 has a
2 psec full cycle speed and fea-
tures an 800 nsec access time.
Only 19 x 11 x 5% in., the
memory contains 3 circuit module
types. All modules and the mem-
ory stack are plug-in units that
can be replaced quickly. The sys-
tem is designed for commercial
use. Sanders Associates Inc., 95
Canal St., Nashua, N.H. [381]

Ferrite memory core stack has a
capability of 4,096 words with
16 or 18 bits/word and a fast
1.2 psec cycle time. It was de-
veloped for small-scale, low-cost,
computers intended for process
control data terminal applications.
It contains 65,536 individual 30-
mil ferrite cores in the 16 bit/
word  configuration. Data-Ram
Corp., Route 206, Princeton, N.J.
08540. [385]

Amplifier system M402 is suitable
for driving broadband antennas in
testing rfi susceptibilty. Capable
of pumping 50 to 100 w of power
into a 50-ohm load over a fre-
quency range of 10 khz to 220
Mhz (nearly 15 octaves), without
tuning or bandswitching, it
creates the fields required by
MIL-STD-826A and -461. Instru-
ments for Industry Inc.,, 151 To-
ledo St., Farmingdale, N.Y. [382]

Power source model 1000 delivers
0-1,000 va, single phase. Units
may be stacked for 2- or 3-phase
operation. The basic unit is a
power amplifier that will accept
any of 40 interchangebale plug-in
oscillator modules. These provide
fixed or variable output ranging
from 45 hz to 5 khz accurate
from =*=0.1 to =*0.0001%. Elgar
Corp., 8046 Engineer Road, San
Diego, Calif. [386]

TR .
7 ..,..q‘&’.;....m

s

Active high-pass filter networks
series HPB4 features the 4-pole
Butterworth gain and phase fre-
quency response characteristic.
Attenuation over the operating
temperature range of —40° to
+71° C is 3%0.5 db at cutoff
frequency and 24=2 db at one-
half cutoff frequency. Standard
cutoff frequencies are from 1 to
1,000 hz. Linear Networks Co.,
Box 1103, Bozeman, Mont. [383]

Low drift, FET input operational
amplifier 1765 features high com-
mon mode rejection ratio, high
power bandwidth, and high slew
rate. It can be operated over a
wide range of supply voltages and
has an output swing of up to
*+21 v. Applications include con-
trol instrumentation and data log-
ging. Melcor Electronics Corp.,
1750 New Highway, Farmingdale,
N.Y. [384]

SSB transceiver CA-34 features
automatic programming with sim-
plified controls for ease of oper-
ation by nontechnical personnel.
It is a 100-w unit developed as
a multipurpose radio communica-
tions system for aviation ground
stations. It will operate efficiently
under temperature extremes from
—30° to +65°C. Communication
Associates Inc., 1208 Third Ave.,
New Hyde Park, N.Y. [387]

Electronic  calculators  series
C3000 bring silent, instantaneous
computing power to the desk top.
The C3350, top model in a series
of four, which can automatically
extract a square root in less than
13 sec, features 2 independent
core storage memories. Each
memory provides 16 digit, 8 dec-
imal storage capacity with minus
total. Burroughs Corp., Detroit,
Mich. 48232 [388]

New subassemblies

Keyboard with Ascii output costs $500

Unit uses 13 magnetic cores instead of diodes to generate
the 128 symbols of the American Standards Association code

Cross-country conversations be-
tween computers, displays, and
other systems are now common-
place. What isn’t so common is the
language these devices speak and
understand. And the keyboards
used for computer communications
are as diverse—and customized—as

Electronics | June 10, 1968

the languages.

cations.

The closest thing to a universal
language is the code developed by
the American Standards Associa-
tion for digital systems communi-
Called Ascii—American
Standard Code for Information In-
terchange—it has 128 symbols, each

Split. Arrow indicates core with
metal conductors passing through it.
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Is Your Budget
Too Tight
For Your Bandwidth ?

O Low Cost

8 cm x 10 cm Viewing Area

Voltage Calibrator

Solid State Reliability

O 7 MHz Bandwidth

Try this one for size—Data Instruments Model 555. For any application,
Production Line, Field or Laboratory, this scope is a perfect fit. Look at what
it offers: (1) Performance. A 7 MHz bandwidth, and an extremely linear time
base with variable controls over 19 calibrated ranges and a variety of trigger-
ing modes. (2) Display. A 5 inch Braun type tube with an edge lit, removable
graticule provide highly precise and legible traces on an 8 x 10 centimeter
viewing area. (3) Reliability. All attenuators are solid state and fully compen-
sated. Backing up this solid state reliability is a full year's warranty and
complete field and factory service.

Examine the specifications.

VERTICAL AMPLIFIER
BANDWIDTH |SENSITIVITY/CM [ATTENUATOR|RISE TIME| ACCURACY| IMPEDANCE
DC-7 MHz 20mv 9 position .05ps * 5% |[IMQ + 33pf
TIME BASE CRT PHYSICAL
SWEEP/CM TRIGGER HORIZONTAL AMP. DIA. DIM. & WT.
Tus-1 sec. 20Hz-7MHz Exp. X5 5 B0 55006
(19 ranges) (20mv) 2Hz-200KHz (1600V) 22 |bs.

Look at the scope in action. Drop us a note and we’ll arrange a demonstra-
tion in your plant. You'll find the 555 fits your bandwidth requirements
comfortably. At $284 its very comfortable indeed.

Data Instruments Division ® 7300 Crescent Blvd. * Pennsauken, N.J. 08110

202 Circle 202 on reader service card

made of seven coding bits and one
parity bit.

Those who have adopted Ascii
usually build their own keyboards
or have them custom-made. But if,
as seems likely, the Government
adopts Ascii as its standard, other
companies will be clamoring for
off-the-shelf equipment. With this
in mind, the Navigation Computer
Corp. has developed the 1067, an
Ascii keyboard with a base price
of $500.

Key to the core. The 1067 works
the same as most other digital-out-
put keyboards. It has a driving cir-
cuit, coding matrix, and buffer.
Push a key and a switch closes,
connecting the driver to the matrix.
The path the driver current takes
through the matrix is determined
by the key that’s pushed and
whether or not a shift key is de-
pressed. The matrix output, spe-
cifically associated with the pushed
key, goes to the buffer where it’s
shaped for transmission.

The matrix of most keyboards is
a diode array. But Navigation Com-
puter engineers found they would
need 225 coding diodes to produce
all the Ascii symbols—a number
that would mean high production
costs and poor reliability.

So out came 200 diodes and in
went nine magnetic cores, one for
each of the eight bits of a symbol
and one for a strobe signal. Each
core comes in two pieces. Naviga-
tion Computer engineers mount the
core by cutting two holes in the
printed-circuit board and bonding
the core pieces together through
these holes. When current flows in
a printed lead passing through a
core, a pulse is generated and is
transmitted from the core to the
buffer. In the 1067, each Ascii sym-
bol is associated with a specific
path through the cores.

“But there was still a problem,”
recalls David Aiken, one of the en-
gineers who designed the key-
board. “It wasn’t possible to fit in
all the codes on just eight cores.
There just wasn’t enough room to
put down the conductive paths for
all the Ascii symbols.” So in went
four more cores.

It seems that the 1067, unlike a
typewriter, has three shift levels.
Some of its 63 keys produce just a
lower-case symbol, others a lower
and an upper, and a few handle
three symbols. Aiken took advan-
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BOTHERED BY T0OO MUCH NOISE?

SOLUTION: Specify W-d's New
Family of Production

P- and L-Band SOLID-STATE
TRANSISTOR AMPLIFIERS

In These Configurations

W-J has the production capability for standard-setting ultra-low-
noise transistor amplifiers that perform as ordered. All of these
devices are designed to satisfy the general requirements of MIL-E-
16400 and MIL-E-5400. Perhaps the type you need is listed here. If
not, we would appreciate a chance to review your specifications!

GUARANTEED SPECIFICATIONS

Standard Versions Integral Power Supply TWT Replacement
WJ-736 WJ-737 WJ-738 WJ-739 WJ-740 WI-741

Frequency Range 0.5-1.0 GHz 1.0-2.0 GHz 0.5- 1.0 GHz 1.0-2.0 GHz 0.5-1.0 GHz 1.0 -2.0 GHz
Noise Figure 4 dB Max. 6 dB Max. 4 dB Max. 6 dB Max. 4 dB Max. 6 dB Max.

Saturated Gain 25 dB Min. 25 dB Min. 25 dB Min. 25 dB Min. 25 dB Min. 25 dB Min.
Saturated
Power Output —3 dBm Min. 0-dBm Min. —3 dBm Min. 0 dBm Min. —3 dBm Min. 0 dBm Min.

Size (Inches) LOReTidtx 290 1100613 %29 1.3 % 1195 x 29 1.3 x'19x 29 19 x33x33 19%x33%33
Weight (Ounces) 3 3 6 6 10 10

Information in more detait available WATKINS O JOHNSON
from representative in your area,

or from Applications Engineering. . .

3333 HILLVIEW AVENUE
STANFORD INDUSTRIAL PARK
PALO ALTO, CALIFORNIA 94304
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WE SPECIALIZE IN
CUSTOM
THIN FILM
MICROCIRCUITS

Here Are A few Specialties . . .

BAND PASS AMPLIFIER - FILTER
AMPLIFIER - FULL WAVE DEMODU-
LATOR - SEQUENTIAL LEVEL DETEC-
TOR - SPDT SWITCH - SEQUENTIAL
LOG COMPARATOR -+ HIGH
VOLTAGE SWITCH - HIGH VOLTAGE
RESISTOR DIODE NETWORK - HIGH
RESOLUTION A/D CONVERTER -
FEEDBACK AMPLIFIER - HIGH SPEED
COMPUTER CIRCUITS - SENSE
AMPLIFIER - DUAL POWER DRIVER.

We have been producing custom hybrid thin film circuits
since 1960, pioneering in a number of techniques and pro-
cesses that enable us to offer a range of digital and analog
circuits with short lead time and low initial set-up cost.

Whenever you require special circuit functions, flexible
interconnection, high frequency, precise resistor tolerances
and close temperature tracking characteristics, consider our
custom thin films and functional modules. Contact Joe Crist
at (213) 346-6000 today or write to:

MICROELECTRONICS OPERATION

L

THE BUNKER-RAMO CORPORATION

BEFEINSE 'Sy S hEMISERIIEVESIHENIN
8433 FALLBROOK AVENUE ¢« CANOGA PARK, CALIFORNIA 91304

Circle 204 on reader service card

tage of this. He laid out the key-
board so that regardless of how
many symbols a key represents or
which of the three cases the key-
board is in when the key is pressed,
the first four bits associated with
a given key’s symbol are the same.
Two or three symbols can thus
share the same path through the
first four cores if they share the
same key. One core handles each of
the first four bits and two cores
split up the heavier traffic for each
of the last four bits.

Optional clicks. All the 1067’s
circuitry is mounted on two p-c
cards, one for the driver, matrix,
and keys, and the other for the
buffer. Each key is a Navco KRM—
a reed switch and a small p-c board
packed in a plastic case. Pushing
the key moves a magnet that trips
the reed. It’s all silent, but there’s
an attachment available that clicks
reassuringly every time a key is
punched. The keys are soldered to
the p-c card, and can be easily re-
placed; their lifetime is 100 million
operations.

The driver circuit contains a
comparator that senses the amount
of current being drawn and locks
the keyboard when the level runs
too high. The more keys pressed,
the higher the current. One key can
be pressed when another is down,
but pressing a third when two are
down causes lockup.

The buffer, which is made up
of transistor-transistor-logic inte-
grated circuits, produces pulses
whose amplitude can be adjusted
from 2.4 to 4 volts.

To increase the 1067’s flexibility,
Navigation Computer offers a va-
riety of outputs in either serial or
parallel formats. In one parallel
machine, a data-ready signal ap-
pears along with the data signals
at the output. Other units generate
two strobe pulses with adjustable
widths. And one has a serial out-
put in Teletype format.

The 1067 comes in a desk-top
package or a panel, or in special
packages for original-equipment
manufacturers.

Navigation Computer, which un-
til now has made only customized
Ascii keyboards, has already sold
some 1067’s to Xerox.

Navigation Computer Corp., Valley
Forge Industrial Park, Norristown, Pa.
19401 [389]
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Nomex; the all-
ound insulation:
It won't melt at
gh temperatures,
on't crack when
reased or bent and
events overload

And that’s not all. Nomex* nylon
aper by Du Pontis UL-rated at 220°C,
oesn’t give you shelf-life problems, con-
orms toMIL-1-24204 and is relatively
naffected by moisture.‘Nomex’’ can
so be punched or die-cut to close tol-
rances—no rough, uneven edges.
“Nomex’’ comes in rolls, sheets,
apes, rigid and flexible Iammates creped
es (plain or pressure- sensmve) tub-
1g, bobbins and other fabricated forms.
Sowhy waste time and money using
ifferentinsulations? Geteverything
ou need in one material—‘‘Nomex’’. For
ore information mail the coupon. in
nada write Du Pont of Canada Ltd. In
rope, Du Pont de Nemours Int.S.A., 81,
ute de I'Aire, Geneva, Switzerland.

Du Pont Company, Textile Fibers Dept. J-5
Nomex Marketing

Wilmington, Delaware 19898.

Please send me complete information on
omex'’.laminterested in its application for

_pame
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QPOND NOMEX'
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Du Pont registered trademark. REG. U 3§ PAT OFF
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For the short haul,
why tie up capital in
test instruments?

It Makes More Sense to Rent
What You Need from Electro Rents.

Say you’ve got a “‘one shot” test or a
peak load problem. We can supply
whatever test equipment you need
— in calibration, ready to plug in
— and deliver inside of 24 hours.
No red tape, no maintenance
problems, no project hold-

ups, no capital expense. No
wonder engineers all over the
country cite Electro Rents as

their one reliable source for

the electronic test equipment

they need now but not for keeps.
Make sense to you? Make a note
to call, write or wire for our brochure.

LOS ANGELES (Main Office and Laboratories)
4131 Vanowen Place, Burbank, Calif. 91504 « Phone: (213) 843-3131
Other locations in San Francisco, San Diego, Phoenix and Dallas.

" Electro Rents



New Semiconductors Review
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Single phase, silicon bridge rec-
tifiers offer reduction in space
requirements by handling max.
power per unit size and with-
standing high transient energy.
High temperature capability, low
leakage current and low forward
voltage drop of these units with
6-amp current are offered in ra-
tings of 50 to 1,200 v piv. Edal

Industries Inc.,, 4 Short Beach
Rd., East Haven, Conn. [436]

Monolithic active filter I1C WML-
5, a true linear MOS device, con-
sists of 3 differential amplifiers
ina 70 x 90 mil chip. It is a
basic building block that can be
used for more complex functions.
For example, a 4-pole pair band
pass filter could have relative
bandwidth from less than 1% to
over 100%. Western Microwave
Laboratories, 1045 DiGiulio St.,
Santa Clara, Calif. [437]

Doubly hermetically sealed glass
diodes meet MIL-S-19500 specs.
The 5-w diode has a 0.085 in.
max. body diameter and a 0.155
in. length. The 750-mw unit has
a 0.065 in. body diameter and
a 0.100 in. length. They range
from 2 nsec, 2 pf switching de-
vices to 1,000-v rectifiers, includ-
ing zeners from 5.5 v up. Micro
Semiconductor Corp., Playa Court,
Culver City, Calif. [438]

Differential preamplifier model
#A727 is a monolithic linear cir-
cuit featuring input impedance of
300 megohms over a —55° to
+125°C temperature range. In-
put offset voltage drift is 0.34 v/
°C; input offset current drift, 2
pa/°C; input offset current, 2 na;
long term drift, 5 wmv/wk. Fair-
child Semiconductor, 313 Fair-
child Drive, Mtn. View, Calif.
94041, [439]

Small signal pnp and npn differen-
tial amplifier transistors will track
over a wide temperature range
with temperature coefficients as
low as 3 av/°C. They offer
matched gains to within 3%,
voltages up to 120 v, leakage less
than 20 pa and low level gains
typically 100. They come in TO-
78 and TO-71 cases. Solitron
Devices Inc., 1177 Blue Heron
Blvd., Riviera Beach, Fla. [440]

Medium power n-channel junction
FET’s U221 and U222 are for
power amplifiers to 30 Mhz and
vhf oscillators to 100 Mhz. High
50-v breakdown permits operation
from supply voltages up to 28 v
with over 30 db power gain at
30 Mhz. Power output at 100
Mhz is 0.5 w. Units are mounted
on high dissipation TO-5 headers.
Siliconix Inc., 1140 W. Evelyn
Ave., Sunnyvale, Calif. [441]

MOS FET JK flip-flop logic cir-
cuit element type HRM1306 fea-
tures AND gates forming the J
and K inputs, together with a
clocked preset function and a di-
rect reset function. It operates
at frequencies ranging from d-c
to 500 khz and at power dis-
sipations of less than 30 mw.
Price is $21.50 in lots of 1 to 99.
Hughes Aircraft Co., 500 Superior
Ave., Newport Beach, Calif. [442]

P-i-n diode 5082-3040 can be
used as a modulator or switch
over a wide range of microwave
frequencies—from vhf up to Ku
band. It behaves as a smooth
section of 50-ohm transmission
line when the diode is unbiased or
reverse-biased. Insertion loss is
typically 0.4 db at X-band; vswr,
less than 1.6 up to 18 Ghz. Hew-
lett-Packard Co., 1501 Page Mill
Rd., Palo Alto, Calif. [443]

New semiconductors

SCR withstands high currents

Inrush levels of 600 amps per microsecond are handled
by a device that uses a regenerative process at its gate

For all the rapid advances made
by silicon controlled rectifiers in
recent years, there’s still one condi-
tion they haven’t been able to han-
dle—high inrush currents. Present
units will burn out if the rate of
anode current change (di/dt) goes
to more than about 60 amperes per

~<—Circle 206 on reader service card

microsecond. Of the various ap-
proaches engineers have taken to
increase the SCR’s capacity in this
area, the only one that appears to
work is a regenerative technique
developed by National Electronics,
a division of Varian Associates.
The application of this technique

Checking. Operator checks SCR
for turn-on characteristics
to insure high di/dt.
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Transformer design problem
got you In a corner?

iMaké sure it’s one with
a phone.

A call to your TRIAD distributor may be the quickest solution to your
problem. He has the resources and the skill to answer many of your
questions on transformers, inductors and filters. Chances are that one of
the TRIAD transformers he has on his shelves will fit your needs.

For fast, dependable delivery and ready application assistance, contact
your TRIAD distributor. And ask him for your TRIAD catalog. It's the
sure way to keep from getting cornered. TRIAD Distributor Division,
305 North Briant Street, Huntington, Indiana 46750.

miﬂﬂ Distributor Division
of Lition Indusiries (8
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... burnout is related
to gate geometry...

has led to a device that can handle
600 amps per microsecond.

The burnout of an SCR is directly
related to its gate geometry. If a
high current is applied to the anode
at a time when the gate isn’t com-
pletely turned on, those portions
that are on have to carry the whole
load. And if the current is high
enough, they are overwhelmed and
the SCR goes. The problem can be
circumvented by limiting the di/dt
so that the gate has enough time to
completely turn on, or by using a
high drive to turn on the gate in a
shorter time. Both of these methods
are in common use but they don’t
really solve the problem; they only
avoid it, and at an additional cost
in complex and expensive circuitry.
The logical solution lies in chang-
ing the gate geometry.

Good try. A center-fire gate has
been tried but this configuration
carries high currents at the initial
spot—a high power density that can
lead to local burnout. The center-
fire gate SCR does, however, almost
halve the time between turn-on and
full area conduction, an important
advantage when operation is lim-
ited to 30 to 100 amps per micro-
second, particularly at high pulse
repetition rates.

In the ring-gate arrangement, the
gate area is increased with in-
creased current rating. However,
the ring gate turns on at one spot
as does the conventional side-fire
gate. And because of its large gate
area, the device has a lower gate
sensitivity than does the side-fire”
unit, and is thus limited to low-
power circuits.

Multiple gates have been tried in
an effort to handle inrush currents
of more than 100 amps per micro-
second. But even here, one gate
will always get the first surge of
current—and wilt. At a low di/dt
level, however, the multiple-gate
scheme reduces turn-on losses. And
if the multiple gates are on oppo-
site sides of the emitter, the full
area turn-on time is nearly half that
of the side-fire SCR.

Big boost. What National Elec-
tronics calls its Regenerative Gate
SCR requires a more complex mask-
ing procedure and tighter diffusion
control to achieve its capacity of
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ACTUAL SIZE

Cambion
Cage Jacks fight
connector fatigue

Can more than 40,000 insertion/extraction
cycles be wrong?

These are all the “ins” and ‘“outs”
CAMBION cage jacks must endure to meet
CAMBION standards for connector relia-
bility for both printed circuits and conven-
tional circuits.

It’s the cage that does it. Unique compound
curvature design keeps full pressure contact
with over 60 9% of the plug circumference
(most competitive jacks can’t do half that).
Metallurgical engineering ensures integrity
even after repeated high temperature solder-
ing. Delivery is off the shelf.

I
\\‘

ACTUAL SIZE

CAMBION plugs are just as easy to obtain.
There’s at least one for every CAMBION
jack, in 6 basic pin diameter sizes: .016”;
.020”;.030”; .040”; .062” and .080”. Regular,
insulated, printed circuit, MIL-type 4-point
crimp, combinations plug/jack and piggy-
back patch cords answer a wide range of
needs.

Over 93 basic types with hundreds of varieties
... all standard, all available. The increasing
number of CAMBION plug and jack con-
figurations means you have more of a com-
plete selection to choose from for edge-
mounted connectors, patchcords, patch
panels, patch strip assemblies . . . and for
applications including printed, standard and
stacked circuits, socket boards and wire con-
nections. For every connector part, there’s a
perfect CAMBION mate ... we guarantee it.
For complete data on reliable CAMBION
circuit interconnections, write Cambridge
Thermionic Corporation, 447 Concord
Avenue, Cambridge, Massachusetts 02138.
Phone: (617) 491-5400. In Los Angeles, 8703
La Tijera Blvd. Phone: (213) 776-0472.

®Reg., U.S. Pat. Off.

CAMBRIDGE THERMIONIC CORPORATION
CiAMBION

Standardize on CAMBION . . .
21,541 Guaranteed Electronic components

3/4 SIZE
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600 amps per microsecond in a cir-
cuit rated at 110 amps rms and
1,000 volts. But it isn’t as easy as
that, according to Herman Alber-
tine Jr., president of National. “We
not only wanted to build a device
with a high di/dt, but also one
that could use a simple unijunction
transistor trigger circuit.”

In a regular SCR, Albertine ex-
plains, “power is wasted in the
form of heat as the gate signal
propagates across the chip. We've
found a way to channel this power,
in the form of current, back to the
gate.,” With this technique, all the
triggering signal has to do is start
conduction. The Regenerative Gate
provides the principal gating func-
tion, turning on many additional
points and eliminating burnout.
And the gate drive is kept low—3
volts at 150 milliamps.

The new SCR’s come in two mod-
els: the NL-F45, a 55-amp unit
with a di/dt of 400 amps per mi-
crosecond, is available in eight ver-
sions from 200 to 900 volts; the
NL-F150, a 110-amp unit with a
di/dt of 600 amps per microsec-
ond, has ratings from 200 to 1,000
volts.

The 110-amp units cost from $100
to $289, the 55-amp devices from
$90 to $220.

National Electronics Inc., Geneva, Ill.
60134 [444]

New semiconductors

Op amp combines
squelch and agc

Low-gain device makes
talk buttons unnecessary
and can replace discretes

Conventional mobile voice-com-
munications systems usually suf-
fer from several disadvantages: the
user has to push a button to talk;
if he leaves the microphone open
between sentences, the person at
the other end hears all the buzz
and crackle of background noise,
and the system doesn’t compen-
sate for variations in his voice level.

10MHz SINE GENERATOR
WITH =0.25%
FREQUENCY RESPONSE

That's not the only advantage of the
Model F312A. This $695 Instru-
mentation Module from Data
Royal provides frequency span of
10 Hz to 10 MHz, a 90 db push but-
ton attenuator in 10 db steps, a
wide band AC Meter calibrated in
‘voltage and DBM and an expanded
scale with internal reference for
';5'025% frequency response capa-
ility.

Send for more information on this
as well as 18 other signal generator
Instrumentation Modules.
Incidentally, if you are curious ahout
the top section of this ad, take a
look at the July issue of Electronic
Products.

) DATA KOYAL
CORPORATION

8014 ARMOUR STREET
SAN DIEGO, CALIF. 92111 ;
PHONE: (714) 279-4020 i

| ]
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IT TAKES A LOT OF ADJECTIVES
T0 DESCRIBE THE SPACE VII

00 00000 OOOOOOPOEOOENOOEOEOEOGONOINOEOINONOINONONONONONONONONOOS

Y Adjectives like FAST, ACCU-
RATE, FLEXIBLE, RELIABLE,
VERSATILE, ECONOMICAL and
MANEUVERABLE. If you doubt
for one minute that a humble wir-
ing system analyzer from the
middle west can live up to these
labels, then try testing this tester
for yourself. It was designed and
developed (after thorough lab
and field testing) especially to
meet today’s demand for speed,
accuracy, versatility and econ-
omy. DIT-MCOQO'’s Space VIl oper-
ates on the fully automatic tape
input and printout concept.
Design and construction are of
the highest quality. The ‘“total
speed” function of the Space VI
gives you faster overall test time
because of adaptation and hook-
up ease, rapid tape feed, speed
of test plus speed of fault deter-
mination time, scan time, error
recording and printout.

WITH THIS ADVANCED SYSTEM you can test up to 2,000 terminations at
a rate of more than 400 per minute! Electronic engineers who've tried it, call
DIT-MCO’s Space VIl the best intermediate size testing system on the

market. We won't disagree.
@ MCO .......

DIT-MCO INTERNATIONAL

A DIVISION OF XEBEC CORPORATION
5612 BRIGHTON TERRACE
KANSAS CITY, MISSOURI 64130
TELEPHONE (816) 363-6288 TELEX 42-6149

IT"S NO WONDER APPROXIMATELY 90°% OF ALL MAJOR
MANUFACTURERS IN THE COMPUTER AND AEROSPACE IN-
DUSTRIES ARE SATISFIED USERS OF DIT-MCO SYSTEMS.

0000000000000 OCOOCOOCRO00000000C0CO0CE0C0COCEROOC®OTO
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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.
It’s the industry’s one-stop shopping
center that lets you find the products
and services you need quickly.

You can depend on EBG.

. 9 .
Electronics Buyers’ Guide
A McGraw-Hill Market Directed Publication,
330 West 42nd Street, New York, N.Y. 10036
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... squelch and age
combined in one package. ..

Some designers attack these
problems by squeezing the com-
pensating performance out of avail-
able operational amplifiers. But op
amps typically can’t handle the
functions of automatic gain control,
which converts varying inputs to a
steady output signal, or squelch,
which eliminates background noise.

However, Robert A. Hirschfeld
of the National Semiconductor
Corp. appears to have solved these
problems by designing a very low-
gain op amp that’s the first device
on the market to combine squelch
and agc functions in a monolithic

INPUT
40db
GAIN
GAIN @
CONTROL
DETECTOR
AUDIO
OUTPUT
AGC CIRCUIT

Level road. The automatic gain
control section of the LM 170

can be used in both the transmitting
and receiving modes. It reduces
overload, cutting distortion.

integrated circuit.

The LM 170 audio squelch/age
amplifier is made in a conventional
six-mask process, says Hirschfeld,
an alumnus of the Amelco Semi-
conductor division of Teledyne
Inc. [Electronics, Dec. 11, 1967,
p. 10]. But, into a 39-by-42-mil
chip he’s crammed 21 resistors and
31 transistors for his agc and
squelch circuits.

Borrowed circuit. Designed for
airborne and mobile communica-
tions markets, the LM 170 goes
“on” only when the user speaks,
thus eliminating background noise
and making the talk button un-
necessary. Since the device can
replace about 10 transistors and
associated circuitry, it could fit into
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... small size
for telephones. ..

a headset, giving pilots and police-
men greater flexibility.
Potentially, it could be the am-
plifier for telephone communica-
tions equipment when the cost
comes down, says E. Floyd
Kvamme, microcircuits product
manager. He adds that this is the
first of a series of National prod-
ucts in the communications area.
Among the LM 170 features are:
large gain control range of 80 db;
less than 1% distortion throughout
the gain control range; 18 milli-
watts power dissipation from a 4.5-
volt supply, and a sensitive squelch
threshold that can be set by a

INPUT

@ GAIN
CONTROL

DETECTOR

AUDIO
OUTPUT

SQUELCH DETECTOR

Quiet. The squelch detector shuts
off the audio input when talking
stops, in both the transmitting
and receiving modes.

single external resistor. The device
can be used with any power supply
between 4.5 and plus 24 volts. Most
mobile radio sets use plus 6 or 12.

Hirschfeld borrowed the input
circuit from coworker Robert J.
Widlar’'s LM 101 op amp to give
his chip a wide range of inputs.
“You can really abuse it without
any damage because of the high-
voltage lateral pnp transistors in
the input circuit,” he says. The
maximum input without distortion
is 50 millivolts.

With its internal agc circuit, the
LM 170 is constantly compensating
itself, he says. The circuit allows
for automatic or remote gain con-
trol reducing the effects of attenu-
ation and noise pick-up. The volt-
age gain of the direct-coupled de-
vice is controlled by an external
d-c voltage so the user can set the
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New, Low-Cost,
Subminiature,

Shielded Inductors
to meet MIL-STD 90537

Introducing Delevan’s new 2307 Series, Type LT4K magnetically-
shielded coils to meet the stringent requirements of MIL-C-15305
(MS-90537), and MIL-C-39010 where applicable.

® CONTROLLED AIR GAP —
provides exceptional temperature stability.
® MAXIMUM Q —
resulting from minimal core losses and DC resistance.

@ EXCELLENT MAGNETIC SHIELDING PROPERTIES —
eliminate spacing problems; permit multiple use with less than
29% side-by-side coupling interaction.

Minimized size and weight, low cost and high reliability make

this series ideal for quality industrial and military subminiature
circuit applications.

Write Department E-3 for Technical Bulletin 2307.

Delevan Electronics AMERICAN
@® 8 FRecisioN
Division INDUSTRIES INC.

270 QUAKER ROAD lEAST AURORA, NEW YORK 14052 '716 652-3600

OTHER DIVISIONS OF AMERICAN PRECISION INDUSTRIES INC.: BASCO ® DUSTEX ® ELECTRO-MECHANICAL PRODUCTS
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smallest axial shielded inductor available
the “NANO-RED”’

NEW!

K ﬁ - '2!‘ Range: 0.10.h to 1,000.h in 49 stock values
o soory b 13TYP.min —s] Size: V4, dia. by 14 Ig.
ACTUAL SIZE Inductance Tolerance: +10%

This new “NANO-RED” offers the highest inductance to size ratio available in an axial
shielded inductor. Exceptional “Q” and self-resonance characteristics. Max. coupling
2% units side by side. Non-flammable envelope. Designed to MIL-C-15305C. Operating:
temperature —55°C to 125°C.

Other Lenox-Fugle Subminiature Shielded Inductors: ! "2

8“‘71_
o,m:.;‘y- |7”>5|<- 1.3 TYP. min. -—l ratio unsurpassed, with excellent distributed capacity. In-
ductance tolerance *10%. Designed to MIL-C-15305C. Stocked

078 in 61 predesigned values.

“‘71 ,"’l MINI-RED The “Mini-Red” offers the highest “Q” to “L" ratio available

Tj<——|<— 13 TYP. min. over inductance range 0.10zh to 100,000zh in its size. Induct-
OIS0 s ance tolerance ==10% measured per MIL-C-15305C. Stocked
in 73 predesigned values.

#24/#22 'olzs‘s =020 DURA-RED The “Dura-Red” is designed to MS-90537 with inductance range
_'_"‘.: 0.10zh to 100,000zh with tolerance =*+10%. Stocked in 73
T je1.7/16° 231169 predesigned values.

MICRO-RED The “Micro-Red” is a shielded inductor that offers the largest
inductance range in its size: 0.10zh to 10,000#h. “Q"” to “L”

*BELL TO BELL DIMENSIONS

0.157" =.010"

17l Data Sheets: write or phone | TR

| LENOX-FUGLE ELECTRUNICS INC

100 Sylvania Place, South Plainfield, N. J. 07080
Telephone: Code 201, 756-1164
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DIFFERENTIAL INPUT PERMITS MEAS-

UREMENTS OF BALANCED LINES WITH-

OUT GROUNDING ONE SIDE.

m MAKE READING WITH 0.1° RESOLUTION at any phase angle
over full 360° range.

m METER OFFSET in 10° steps permits the measurement of
any phase angle with 0.1° resolution.

m -}-180° SWITCH permits measurements around 0° or around
180° to solve the problem of the angle of instability.

m VOLTAGE OUT directly proportional to phase permits digi-
tal phase readout on an external digital voltmeter.

m ACCURACY of phase. output .is 0.1° %0.3% of phase angle

being measured permits exacting measurements.
m HIGH SENSITIVITY with input range from 1 mV to 100 volts
minimizes need for external amplifiers.
m CALIBRATION MAINTAINED even with large amplitude fluc-
tuations of the test signal.

MODEL 351

930 E. MEADOW DR. « PALO ALTO, CALIF. 94303 « 415-321-7428
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...0pamp
monitors sound . ..

circuit level he wants. Agc also im-
proves a network because it
doesn’t overload the transmitter.
The maximum gain of the amplifier
with a 12-volt power supply is 40
db. The maximum undistorted out-
put is 5 volts peak-to-peak.

Extra pins. To achieve his voice-
activated squelch amplifier, Hirsch-
feld devised an on-off voice switch
like a digital circuit. A high-gain,
sensitive amp monitors all incom-
ing sounds, including background
crackle, for a detector. When the
detector hears a voice frequency
it turns on the squelch amplifier.
The fast-attack/slow-release cir-
cuit turns on quickly for talking
but waits a split second after the
last syllable before it shuts off.
This way it isn’t constantly shut-
ting itself on and off for a slow
speaker.

The LM 170 can be used as
either age or squelch or both,
Hirschfeld says. “It cost us a
couple of pins to do it. We use a
10-pin [TO-5 can] package instead
of eight pins.”

The military-specification LM 170
will sell for $12.95 each in lots
of 100. A reduced-temperature mil-
itary unit, the LM 270, will sell for
$4.95. Later, a consumer unit, the
LM 370, will be available at $2.95.

National Semiconductor Corp., Santa
Clara, Calif. 95051 [445]

New semiconductors

Frequency divider
is low-cost MOS

Device designed primarily
for musical instruments
can also count events

Under the direction of Carroll Per-
kins, manager of MOS marketing
applications, the Hughes Aircraft
Co.’s Semiconductor division has
developed a low-cost MOS fre-
quency divider, the HRM F/2, for
use in electronic organs and other
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musical instruments.

The device is an integrated FET
circuit packaged in a four-leaded
metal TO-72 can. Signals with
greater than a 5-volt swing, in the
frequency range from d-c to 500
kilohertz, are divided by two, pro-
ducing half-tones at the output
terminals.

Staying still. The MOS devices’
negative temperature coefficients
eliminate the problem of thermal
runaway, Perkins says. He believes
the component will be able to com-
pete with bipolars on the com-
mercial market.

The HRM F/2—when used as a
low-frequency signal source—is
linked to a master RC oscillator.
The oscillator produces the highest
fundamental frequency, and sev-
eral dividers are used for building
a “chain” to bring the frequency
down in stages. Because the di-
vider is a compact MOS binary ele-
ment fabricated on a silicon chip
.027 by .030 mils, Perkins thinks it
should be attractive to makers of
musical instruments.

Other applications include door-
bell buzzers—producing one tone
at the front and a different tone at
the rear—and multistage events
counters. The primary market,
however, will be in musical instru-
ments, and Perkins foresees sales
of 2 million devices annually.

Lower voltages. Compared with
MOS counters developed by the
General Electric Co., Motorola Inc.,
and the Philco-Ford Corp., Perkins
says, the HRM F/2 has an edge:
Hughes” 2-volt threshold technol-
ogy enables counters to be built for
operation at lower voltages. “Our

device is a single monolithic cir-’

cuit chip packaged in a discrete-
component header to keep the cost
down,” he explains. “With only
four leads, it’s easier to test them
comparable 14-leaded devices, and
less expensive to replace. If the
divider fails, you’re replacing a 35-
cent item. If somebody else’s
seven-stage counter fails, you have
to replace all the stages at maybe
10 times the cost.”

Hughes expects to go to epoxy
encapsulation within three months.
Prices range from 35 cents apiece
in quantities of a million or more to
85 cents in quantities up to 99.

Hughes Aircraft Co., Semiconductor
Division, 500 Superior Ave., Newport
Beach, Calif. [446]

NEW TRANSMITTED
LIGHT ACCESSORY

THE ADDED DIMENSION
OF DYNAZOOM® METALLOGRAPHS

Bausch & Lomb has added a new
dimension to metallurgy. You get
all the advantages of the Dyna-
zoom II Bench Metallograph plus
full-range stereo viewing. Simply
flip a lever and you can differenti-
ate between inclusions and holes,
scan a surface for fractures or
study various surface levels caused
by polishing and etching. Avail-

able as a complete stereo model or convert existing Dynazoom Metallo-
graphs by adding the zoom-stereo body. Send for Brochure 42-2211.
Also available, the free booklet, “High Power Stereo” by Harold E.
Rosenberger, No. S-513.

Transmitted light available on all models
For the study of transparent and translucent specimens on your Dyna-
zoom Metallograph, there is now a Transmitted Light Accessory. Adapts
readily to all models, including stereo. Can even be used with high N.A.
75 % oil immersion objectives. Plastics, glass, thin films, evaporated coat-
ings, oils and other liquid specimens can be examined. Send for our
Brochure 42-2212.

Ask for a no-obligation demonstration of this equipment. Write
Bausch & Lomb, 61406 Bausch Street, Rochester, New York 14602.

BAUSCH & LOMB (@)

SCIENTIFIC INSTRUMENT DIVISION
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Hard-nosed
soft=ware

. o =1
(and it’s yours free)

The 120-page DCL Handbook is the most
complete and unequivocal reference source

complete guide to trouble-free design, and
contains several time-saving device applica-

bership is up to 54. With more to come.
For your copy of the DCL Handbook,

ever put together for a digital integrated cir-
cuit family.

The DCL Handbook contains a section on
design considerations, with all the informa-
tion necessary to design a reliable, working
system; a section on electrical characteris-
tics, detailing test limit and test condition
information for simplified device evaluation
and incoming inspection; and a section on
AC Testing. A section on applications is a

tions to help minimize system design time
and cost. The Handbook also provides
complete procurement specifications, saving
procurement cycle time and cost.
Designer’s Choice Logic is a compatibly
specified family of DTL and TTL logic
circuits, interface elements and monolithic
subsystems covering the needs of over 90%
of all known digital IC applications. With 24
new DCL elements, the growing family mem-

write Signetics, 811 East Arques Avenue,
Sunnyvale, California 94086.

SIGNETICS
INTEGRATED
CIRGUITS

A SUBSIDIARY OF CORNING GLASS WORKS

SIGNETICS SALES OFFICES: Fort Lee, New Jersey (201) 947-9870; Syracuse, New York (315) 469-1072; Richardson, Texas (214) 231-6344; Beverly Hills, California (213) 272-9421; Garden Grove, California (714) 636-4260;
Wakefield, Massachusetts (617) 245-8200; Silver Springs, Maryland (301) 946-6030; Collingswood, New lJersey (609) 858-2864; Clearwater, Florida (813) 726-3734; Rolling Meadows, lllinois (312) 259-8300; Northwestern
(415) 369-0333.

DISTRIBUTORS: Compar at all locations listed below. Semiconductor Specialists, Inc. (312) 279-1000; Terminal Hudson Electronics (212) 243-5200; Wesco Electronics (213) 684-0880; Wesco Electronics (405) 968-3475;
Hammond Electronics (305) 241-6601; Avnet Electronics Corp, of Massachusetts (617) 272-3060; Pioneer Standard Electronics Inc. (301) 427-3300; Kieruluff Electronics (206) RO 3-5510; G. S. Marshall (213) 684-1530; Milgray
Delaware Valley (215) 228-2000; Universal Electronics Inc. (713) 781-0421.

DOMESTIC REPRESENTATIVES: Jack Pyle Company (415) 349-1266; Ozark Electronic Marketing, Inc. (314) 423-7200, A Compar Corporation at the following locations: Alabama (205) 539-8476; Arizona (602) 947-4336; California
(213) 245-1172; California (415) 697-6244; Colorado (303) 781-0912; Connecticut (203) 288-9276; Florida (305) 855-3964; lllinois (312) 692-4125; Maryland (301) 484-5400; Massachusetts (617) 969-7140; Michigan (313)
357-5369; Minnesota (612) 922-7011; Missouri (314) 542-3399; New Jersey (609) 429-1526; New Mexico (505) 265-1020; New York (518) 436-8536; New York (607) 723-8743; New York (516) 921-9393; North Carolina (919)
724-0750; Ohio (216) 333-4120; Ohio (513) 878-2631; Texas (214) EM 3-1526; Texas (713) 667-3420; Washington (206) 763-1711,

INTERNATIONAL SALES: France, Germany, Italy, Belgium, Holland, Luxemburg, Spain— Sovcor Electronique, 11, Chemin de Ronde, Le Vesinet, (S.-&0.) France. United Kingdom, Ireland, Sweden, Denmark, Norway, Switzerland,
Austria, Portugal — Electrosil Ltd., Lakeside Estate, Colnbrook-By-Pass Slough, Buckinghamshire, 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) 421-1500. Israel—Optronix, P.0. Box 195, Ramat-Gan, Israel 724-437. Japan—ASAHI Glass Co., Ltd., Corning Products Sales Dept. No. 2, 3-Chome Marunouchi, Chiyoda-ku, Tokyo, Japan.
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New Production Equipment Review

Air operated cut and bend tool
BP-1 Bend Eze features inter-
changeable heads, which meet the
circuit board at either 20, 30,
or 45°, The quill has a max. o-d
of 3/16 in. diameter. The tool
will take an existing component
wire, cut it off, and lay it flat to
the circuit board to military
specifications. Price is $99.50.
Henry Mann Co., Box 37, Corn-
wells Heights, Pa. 19020. [421]

Automatic machine NRGM-CT
inserts eyelets as small as 0.020
in. i-d in p-c boards. It features
a carrier type raceway that elim-
inates eyelet feeding problems. It
can feed and set all types of
eyelets—funnel, flat and roll
flange. Design of the machine
provides for changing from one
eyelet size to another within
minutes. Edward Segal Inc., 132
Lafayette St., New York. [425]

Intermediate-range ultrasonic
welder W-150-AW is designed to
meet thin metal joining require-
ments as found in the capacitor
industry. Aluminum and tantalum
foils are joined to respective tabs
with bar-type welds quickly and
easily. No external heat is intro-
duced in the process, which elim-
inates oxide formation. Sonobond
Corp., 310 E. Rosedale Ave., West
Chester, Pa. [422]

Automatic die classifier 2907
tests devices ranging from 0.020
to 0.125 in., round or square, at
the rate of 3600 per hr. It fea-
tures a vacuum feed device which
deposits the devices gently in
the test position. Vacuum is gen-
erated internally and controlled
by valves to prevent them from
sticking or scattering. Hughes
Aircraft Co., 500 Superior Ave.,
Newport Beach, Calif. [426]

Automatic machine type 6.10, for
the capping of cylindrical bodies
used in the manufacture of re-
sistors, will apply caps at both
ends at speeds up to 5,500 units
per hr. The caps and bodies are
simultaneously fed from vibratory
bowl feeders to a position where
caps are applied. Capping pressure
is easily adjustable. B. Freuden-
berg Inc., 50 Rockefeller Plaza,
New York. [423]

W :
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Remote operated conveyorized
chemical etching system, desig-
nated Dynamil 707, etches p-c
boards and chem-milled parts
ranging in size from 6 x 6 in. to
30 in. x indefinite length. A wall-
mounting control unit contains a
variable-speed controller for regu-
lating conveyor speed from 0 to
over 2,400 ft/hr. Western Tech-
nology Inc., 220 W. Central Ave.,
Santa Anna, Calif. [427]

Coil-winding machine BV4-G is a
carousel-type unit designed to
wind electrical coils without forms
at production rates from 160 to
1,920 coils per hr depending on
coil design and size. Lead ends
are automatically tinned. Low
voltage electric heat is applied to
the rotating tinning bath with
electronic temperature control.
Leesona Corp., 131 West St.,
Danbury, Conn. 06810. [424]

Capacitor winder auto-controller
model 5332 provides continuous
monitoring and control of final
capacitor value during the manu-
facturing process. It is suited to
high volume production of close
tolerance metalized film or metal
foil capacitors. Test frequency is
60 hz. Price is $1,680; delivery,
stock to 4 weeks. Micro Instru-
ment Co., 12901 Crenshaw Blvd.,
Hawthorne, Calif. [428]

New production equipment

System grows 50,000-chip crystals

Double-chamber design allows more than one crystal
to be grown from a single melt and cuts setup time

Crystals don’t grow on trees; they
grow at the end of a rotating shaft
in an oven. The Vacuum Equip-
ment division of the Norton Co.
has been making crystal-growing
systems for the past few years. Its
newest unit, the NRC 2808, makes
a crystal that’s twice the size of the
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about 80%.

one grown in the company’s cur-
rent model. And Norton says the
double-chamber setup of the 2808,
combined with the increased size
of the crystal, could increase output

Like older Norton machines, the
2808 uses the Czochralski method

A

Eyeful. Crystal structure is checked
in one of the two chambers.

215



THREE DESIGNERS KITS
—available from Astrodyne
on a special introductory
basis—provide an excep-
tional variety of heat sinks
for use in high, medium or
low power applications.
Complete with technical
literature and mounting
hardware, plus conductive
compound and/or thermal
bond depending on kit, the
Astrodyne Designers Kits
are less than half the cost
of the contents. The Low,
Medium and High power
kits ($10, $25 and $40
respectively) include heat
sinks ranging from natural-
convection circuit-board
types and a unique ‘“build-
ing-block” Model 2520 to
a fan-cooled unit for heavy-
duty cooling of multiple
circuits. (High Power Kit
illustrated) Proprietary As-

LOW POWER
COOLKITS

astrodyne, inc.

SUBSIDIARY OF ROANWELL CORP

207 CAMBRIDGE ST., BURLINGTON, MASS. (617) 272-3850

trodyne T-fin construction
on many of the units pro-
vides up to 3 more cooling
per unit volume than is
available with competitive,
conventional units. A flyer
which pictures and itemizes
the contents of each kit is
available on request. Astro-
dyne Designer Kits are
available on a basis of not
more than one of each of
the three kits per customer.
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Four Quadrant
Proportional
Servo Amplifier

EELl b Lapifega ) ) i

SCR
DC MOTOR
CONTROL

UP TO

100 HP

i

I

S

5 207> S 9 B, e TR S LB R T S 5

it S B EE

The new and unique Westamp Model A555
amplifier is an SCR Power Servo-Amplifier
which can be used to drive up toa 100 HP DC
machine. Model A555 features: proportional,
bi-directional, full wave DC output with
REGENERATIVE capability; three phase,
60Hz or 400Hz power; and three current rat-
ings...115 amps, 175 amps and 250 amps.

HIGH POWER SERVO AMPLIFIERS

WESTAMP

216

1542 15TH STREET
SANTA MONICA, CALIF. 90404
PHONE: (213) 393-0401
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During 1967

new manufacturing plants
opened in Texas!

370

Texas plants expanded!

Do they know
something you don’t?

Perhaps! The new electronic firms
have learned that a Texas loca-
tion means lower taxes, higher
income, and a steady supply of
stable, trainable labor efficiently
filling contracts and meeting the
demands of a bhooming popula-
tion. To the expanded firms, a
Texas location simply means busi-
ness. Big business! Write or phone
for the new Texas Fact Book and
find out what it could mean to

you.
+ Contact

: TEXAS
urn tO; INDUSTRIAL

Box JJ-E, Capitol Station

TEXAS : Gt 75
* Austin, Texas 78711

R
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... temperature of melt’s
surface held to ==0.5°C ...

to grow crystals. Material in a cru-
cible is brought to the molten
state in a resistance-heated furnace.
A small crystal, called the seed and
located at the end of a rotating
shaft, is lowered through a sealed
chamber and into the furnace until
it touches the melt. Then the shaft is
slowly withdrawn, and material
from the crucible crystallizes on
the seed’s surface.

The diameter and length of the
grown crystal depend on the rate
of shaft rotation and withdrawal
and the temperature of the melt.
The 2808 can grow a 2800-gram
semiconductor crystal with a 3-inch
diameter that can be cut into 50,000
chips.

Hot surface. One problem faced
by Norton engineers was control-
ling temperature in the 2808’s fur-
nace. To make the control systems
more sensitive, they replaced the
old power supply, a saturable core
reactor, with a silicon-controlled
rectifier unit. The new supply op-
erates from a 480-volt, single-phase,
60-cycle supply line, and contains
an SCR power pack and a 30 kilo-
volt-ampere transformer with a 50-
volt secondary.

The desired temperature of the
melt’s surface is set by an operator
and kept at this level by a feedback
loop. An optical pyrometer meas-
ures the surface temperature and
signals a Leeds and Northrup con-
trol system that adjusts the output
of the power supply. This alters
the current in the resistance heater.
The temperature is held to within
+0:5°%C.

With the two chambers, more
than one crystal can be pulled from
the same melt, and one chamber
can be cleaned and set up for the
next run while the other is being
used. The company says the dou-
ble chamber is unique.

Taking turns. When two crystals
are to be pulled from the same
melt, the first is grown, then an
isolation valve between the furnace
and the chamber with the grown
crystal is closed, completely seal-
ing the furnace. The used chamber
is then swung away from the fur-
nace, and the other chamber is
moved into position. The valve is
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SOLVE INTEGRATED
CIRCUIT SEALING

PROBLEMS

WITH WILLIAMS NEW
IMPROVED ALLOYS FOR

MICROELECTRONIC DESIGN

80% GOLD—
‘/ 20% TIN EUTECTIC
MELTING POINT 280°C

88% GOLD —
‘/ 12% GERMANIUM EUTECTIC
MELTING POINT 356°C

SOLDER PREFORMS FOR SEALING
INTEGRATED CIRCUIT PACKAGES

TOOLING AVAILABLE ON MOST
STANDARD SIZES
4 1o 6 Weeks Delivery on New Tooling

PARTIAL LIST OF AVAILABLE
ALLOYS & SOLDER PREFORMS

88% Gold 12% Germanium (Eutectic Alloy)
Strip and solder preforms in all sizes
80% Gold 20% Tin (Eutectic Alloy)
Strip, wire and solder preforms in all sizes
Gold with .1 to 1.2% Antimony

Wire, strip and solder preforms all sizes
Gold —.05% Min. Phosphorous

Wire, strip and solder preforms all sizes
95% Gold 5% Nickel

Wire, strip and solder preforms all sizes
Gold and up to .5% Arsenic

Strip and solder preforms all sizes
Silver with .1 to 1.2% Antimony

Wire, strip and solder preforms all sizes
Silver —.1% Min. Phosphorous

Wire, strip and solder preforms all sizes
95% Silver 5% Nickel

Wire, strip and solder preforms all sizes
Silver and up to .5% Arsenic

Strip and solder preforms all sizes
Special alloys produced on request at
minimum charge.

Precious Metals in 99.9% Pure,
99.99% Pure, and 99.999% Pure.

Modern, up-to-date refining of precious
metals and complete spectrographic fa-
cilities available.

HIGH PURITY METALS
USED ON ALL ALLOYS
WRITE FOR COMPLETE PRECIOUS METALS CATALOG
AND SPECIFICATION SHEETS. PHONE 716-834-7204

OVER 50 YEARS OF PRECIOUS METALS EXPERIENCE

WILLIAMS S
[

PRECIOUS o
METALS

2978 MAIN ST. BUFFALO, NEW YORK 14214
Division of Williams Gold Refining Co., Inc.

:ng
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... silicon or germanium
crystals can be grown. ..

opened, connecting the second
chamber to the furnace, and an-
other crystal is grown. The melt is
never exposed to the atmosphere.

Norton also says it’s first with
a built-in programmer that adjusts
temperature during the growth
process. It’s important that sur-
face temperature be constant at
any given moment, but this opti-
mal temperature changes during
the growth process. If the system
has the optional programmer, it’s
not necessary for an operator to
be constantly watching the crystal
and making adjustments.

In the 2808, crystals can be made
from any material that responds to
the Czochralski method at temper-
atures less than 1600°C and gauge
pressures less than 9 pounds per
square inch. Silicon, germanium,
and many intermetallic compounds
fall into this category.

The 2808 costs $26,000; delivery
time is 16 weeks.

Specifications

Seed rotation

4.8 t
Seed drive 0.3 to 8.2 in/hr
Crucible rotation 1.7 to 22 rpm
Crucible drive 0.1 to 1.6 in/hr
Furnace diameter 11 in
Furnace length 17.5 in
Crucible diameter 5in
Crucible length 5in

Norton Co., Vacuum Equipment Divi-
sion, Newton, Mass. 01355 [429]

New production equipment

Chip capacitors
tested automatically

Anglo-German system
measures capacitance of up
to 5,000 chips an hour

The recent rise in demand for chip
capacitors comes as good news to
the Advanced Technology & Sys-
tems Corp. The firm doesn’t make
the chips itself, but it has acquired
U.S. sales rights on the ACT/APT,
a system that automatically tests

Here’s a

little something
that will save
more time,

space and money
in circuit design
than anything
else.

[

IBR® from Varo.

T

Varo’s Integrated Bridge Rectifier re-
quires just one-half to one-twentieth as
much space as its competition. Saves de-
sign and installation time and reduces
error.

Our IBR® is available as a 10-Amp, 10
Amp fast recovery and 25-Amp full-
wave bridge rectifier. 200V, 400V and
600V controlled avalanche ratings. Elec-
trically insulated case for direct chassis
mounting. Three mounting options: Press
mount, TO3 flange, single stud.

25-Amp IBR® only
$3.05%

10-Amp fast-recovery
IBR® only
$4.75%

10-Amp IBR® only
$2.35*

*In 200V rating and quantity of 1,000
(press mount).

Write for complete information on Varo
IBR® products. It could solve problems
you didn’t even know you had. Avail-
able now from Allied Electronics.

“Registered trademark of Varo, Inc.

VARO

SEMICONDUCTOR DIVISION
2203 WALNUT STREET, GARLAND, TEXAS 75040
(214) 272-3561
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New

NINIDAG
High-Speed D-to-A
Converter in a
small package

m 3 X347 x 12"
= No Switching Transients
= Low Price

MINIDAC is an extremely versatile,
UHF Digital-to-Analog converter mod-
ule designed for driving into 100 ohm
matching impedance. It may also be
used with Operational Amplifiers for
greater voltage ranges. These modules
accept RTL, DTL or TTL input signals,
include reference, switching, resistors,
and provide currents of up to 10 ma.
into resistive load.

Output voltage time constant is less
than 30 nanoseconds and will settle
to 0.1% in 200 nanoseconds. An
external threshold adjustment permits
user to adjust the actual switching
threshold minimizing the variations
in rise and fall times in his logic.
Feed through of switching signals has
been eliminated.

APPLICATIONS
High Speed Scope Deflection Systems
Time Compression
High Speed A/D Converters
Precision High Speed Test Circuits

MINIDAC units are available in up
to 12 bits Binary or BCD input codes,
and current output ranges of 4 and
10 ma. Maximum output voltage
without amplifier is 2 volts. Custom
designed D/A Converters including
Buffer Storage and special output
Amplifiers are available upon request.

PASTORIZA

ELECTRONICS, INC.
385 Elliot St., Newton, Mass. 02164 « 617-332-2131

218 Circle 218 on reader service card

.. . chips are fed to bed
from bowl or magazine. ..

and sorts them.

The electronic part of the sys-
tem comes from British Physical
Laboratories, Radlett, England, and
the mechanical handling equip-
ment from E.B.S. of Olching, West
Germany. BPL calls the ACT/APT
the first automatic system of this
type to be made commercially
available in the U.S., although
some chip-capacitor makers have
built automatic rigs for themselves.

New ballgame. Advanced Tech-
nology notes that automatic sys-
tems weren’t needed until recently;
when sales were small, chip-capac-
itor makers were satisfied with
manual testing. But the increasing
popularity of microcircuits has
changed all that, according to the
firm.

The ACT/APT contains two sep-
arate test instruments, one to meas-
ure capacitance—and, as an option,
dissipation factor—the other to
measure insulation resistance (IR)
and to test for breakdown (hi-
potting).

Chips are either bowl- or maga-
zine-fed to a perforated test bed,
and are moved from station to sta-
tion by a plastic comb-shaped de-
vice. The capacitors are held in
place by a slight suction that’s
maintained during their movement
from one station to another.

Squaresville. The rectangular
chips are aligned when they come
out of the magazine or bowl
There’s no orientation problem un-
less they’re square; if they are
square, there are four possible or-
ientations, two of which produce
a short-circuit indication during the
test. The first test made on the
chips, therefore, is a short-circuit
test, and improperly oriented chips
are removed right away.

The copper contacts are plated
with silver and over-plated with
rhodium. Each pair is close enough
to the next so there is always a test
voltage across the chips. Accord-
ing to BPL, sudden voltage changes
during tests affect the accuracy of
the results.

Categorizing. At the first test
instrument, the chips are sorted
into six bins—one for opens and
shorts, one each for the three pre-
set tolerance classifications, and

| SUPERIOR
COAXIAL
ATTENUATORS

UP 10 60 uB

The popular ¥ Series 1 and 2 Pre-
cision Fixed Coaxial Attenuators
are now available in a choice of ten
standard attenuation values from 3
to 80 dB.

These superior performance atten-
uators maintain their flat attenua-
tion and low VSWR characteristics,
even at high dB values; VSWR to
18.0 GHz is kept below 1.50 for all
Model 2’s and below 1.75 for all
Model 1’s, and VSWR to 4.0 GHz is
kept below 1.20 for both Y/ Models
1and 2.

Patented design principles' plus
time-proven resistive film and stain-
less steel connectors? produce flat
attenuators, which are stable even
after temporary power overloads.
They have very low temperature
coefficient of attenuation.

The insertion loss calibrations at
six frequencies are stamped on the
nameplate. A Certificate of Calibra-
tion stating the accuracy of calibra-
tion by W is included with each
attenuator.

1 U.S. Patent No. 3,157,846
2 U.S. Patent No. 3,340,495

Designers and
Manufacturers of Precision
Microwave Equipment

ENGINEERlTj

Gaithersburg, Maryland
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X-Y RECORDER
VOLUME PRODUCTION
MEANS LOWER COST

PRICES
DOWN

OEM’s
invited

NOW

995

was $845

AT LAST! TRULY LOW PRICE
FOR SCHOOLS, OEM’s,
VOLUME BUYERS

In this age of inflation it's refreshing to see
the price of a product go down — especially
when it's a well-known and accepted unit
that's been selling at a higher price since
1961. So while others go up, the Houston
Instrument HR-100-1 goes down in price to
a new low, $595. (almost %3 reduction). OEM
accounts: Can't you find a way of working
this into your system and take advantage of
the lowest priced X-Y recorder on the market?

check these features

M .2% accuracy Full Scale

M Sensitivity continuously adjustable
from 1 mwv

M 100 K input impedance

M [ndependent X and Y axes

M Zener reference voltage

M HR-200-1 (transistorized version) $745.

houstGon

DIVISION OF BAUSCHG LOMB @

mnstrument
4950 Terminal Avenue, Bellaire, Texas 77401
(713) 667 7403 Cable HOINCO
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. .. capacitance is measured
away from high voltage. ..

one each for highs and lows. If the
dissipation factor is measured,
there’s a seventh bin for the capaci-
tors that fail.

At the second instrument, the
chips pass through 12 stations. Ini-
tial hi-pot failures are binned at
the second station and IR failures
at the 10th; final hi-pot failures
are culled at the 12th station.

Two separate test instruments
are used because the chips may
be sensitive to voltage gradients.
Capacitance is therefore measured
away from the area where high-
voltage tests are performed.

So wide. The ACT/APT system
handles chips of any width and
depth, and of lengths between 2
and 10 millimeters. The measure-
ment range is from 15 picofarads
to 10 microfarads, and tests are
made at either 1 or 100 kilohertz.
The three tolerance ranges can be
set anywhere from =+0.25% to
+50%, resolution is 200 parts per
million, and drift over an eight-
hour period is within *+=2%.

Insulation resistances from 1 to
50,000 megohms can be measured
with #==5% accuracy, and the volt-
age for both this test and the hi-
potting is continuously adjustable
between 10 and 500 volts d-c.

Speeds. The instrument that
measures the capacitance will test
3,000 chips an hour, and the hi-pot
and IR tester can handle 2,000 an
hour. Either instrument can be
used by itself.

The mechanical part of the sys-
tem is 2 by 1% by 1% feet, and
the electronic equipment is 2 by
2 by 5 feet; the whole thing weighs
325 pounds.

The least-expensive model, a
magazine-fed unit priced at $4,600,
measures only capacitance and at
just one frequency. A $10,000 ma-
chine measures capacitances at 1
or 100 Khz, depending on a switch
setting. It performs both hi-potting
and IR tests, and can be either
bowl- or magazine-loaded. The
dissipation-factor option costs $1,-
750. Delivery time is up to three
months.

Advanced Technology & Systems Corp.,
199 Sound Beach Ave., Old Green-
wich, Conn. 06870 [430]

Very, very
Varo.

(Very good. Very inexpensive.)

Each of these Varo epoxy bridge
rectifiers has full-wave bridge, con-
trolled avalanche, and 200V, 400V,
and 600V ratings.

1 amp EBR. For printed circuit
board mounting.

ONLY 91¢

in 200V rating and quantity of
1,000. 2 - .

2 amp EBR. For circuit board
mounting.

ONLY 95¢

in 200V rating and quantity of
000.

6 amp EBR. For chassis mounting.

ONLY $1.59

in 200V rating and quantity of
1,000.

Write for complete information on
Varo rectifier products.

VARO

SEMICONDUCTOR DIVISION
2203 WALNUT STREET, GARLAND, TEXAS 75040
(214) 272-3561
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Vote ITT for

the largest,
longest,
promptest

Teflon
insulated

cable from
Maine to
California.

When you vote ITT, you're backing a
machine that turns out Teflon insulated
cable instead of political prose. Our new
TFE extruder, largest in operation, makes
longer lengths and larger gauges—up to
4/0—than any other. Of uniform quality, too.
Lengths and sizes of TFE insulated cable
that no one else can give you. In fact, the
lengths are governed only by reel sizes.

ITT went to great lengths to get this
machine. We think it’s worth it because it
helps us to provide uniform wire and cable
in lengths and sizes that reduce your
installation costs. Cast your vote where
it counts.

Let us help solve your TFE insulated cable
problems. ITT Wire and Cable Division,
International Telephone and Telegraph
Corporation, Clinton, Mass., 01510. In
Europe: ITT Wire and Cable Division, Lister
Road, Basingstoke, Hants, England.

*Dupont Trademark

WIRE AND CABLE TT
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New Consumer Electronics Review

Tv alignment generator model 865
is capable of generating the fa-
miliar 10-bar gated rainbow, plus
new single-bar and 3-bar test
patterns. It provides a total of
9 patterns. The unit measures 4-
7/8 x 9Y2 X 5Y% in., weighs
under 4 lbs. Featuring all tran-
sistorized circuitry, it is priced at
$189.95 less batteries. Amphenol
Corp., 2875 S. 25th Ave., Broad-
view, Ill. 60153. [401]

Ultrasonic intrusion alarm model
A-1 is for use in homes, apart-
ments, offices and commercial es-
tablishments. The alarm responds
to any moving object within its
20- to 30-ft range. Two sockets
are provided at the rear, for con-
nection of external lamps and
bells. Suggested list price is
$97.50. Euphonics Marketing, 202
Park St., Miami Springs, Fla.
33100. [405]

‘;
ABLE |
AV |

|

€.
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= BATTERY |
4 g e

|

Lead-acid Eveready rechargeable
batteries can be utilized with
portable tv and radio sets, out-
door appliances, camp lighting and
fluorescents, sailboat power packs
and for emergency standby power.
Current models include capacity
ranges up to 8 ampere hours. They
are priced between the nickel-
cadmium and alkaline types. Un-
ion Carbide Corp., 270 Park Ave.,
N.Y. 10017. [402]

The Weekender model RZS43 is
an f-m/a-m travel clock radio
in a case scarcely larger than an
electric shaver kit. The two-band
radio, contained in the base of
the case, operate on its own
9-v battery, whil the coordin-
ated clock, with a long-life mer-
cury cell power supply is in the
tilt-up lid. Suggested retail list-
ing is $45. RCA, 30 Rockefeller
Plaza, New York 10020. [406]

Mark II Colorgard meter will
meet the requirements of color tv
receiver manufacturers for quality
control check on kinescopes and
for setting color temperature and
gray scale of color receivers on
the production line. The instru-
ment is not calibrated in color
temperature values but in arbi-
trary R-G-B values. Television
Zoomar Co., 870 High Ridge Rd.,
Stamford, Conn. 06905. [403]

The Trafford RC-7878 is a port-
able clock radio with its own de-
tachable clock. The clock is self
powered by a long life mercury
battery, and operates independ-
ently of the radio. When combined
with the radio, it awakes by either
a buzzer alarm, or preset radio
station. The radio is powered by a
9-v battery. Matsushita Electric
Corp. of America, 200 Park Ave.,
N.Y. 10017. [407]

Th2 Portamount ST-120G stereo
tape player can be plugged into
the cigarette lighter socket of a
car or any 110 v wall outlet.
With the rechargeable battery
pack RB-123, it is ready for use
anywhere else. The unit has self-
contained stereo speakers and con-
trols for tone, separation, loud-
ness and program selection. SJB
Inc., 2339 S. Cotner Ave., Los
Angeles. [404]

A-c stereo cassette player deck
model 2500 is for use with an
existing hi-fi system. Prerecorded
cassettes snap into place ready
for playback. The transistorized
deck has a frequency response of
60 to 10,000 hz, and may also
be used in conjunction with a
mono amplifier and speaker or a
radio. Price is under $60. North
American Philips Co., 100 E.
42nd St., N.Y. 10017. [408]

New consumer electronics

Color-tv demodulator goes IC

Circuit replaces center-tapped coils
with double-balanced network

Across the country last year, one
of every five owners of color tele-
vision sets wrote a nasty letter to
a manufacturer to complain about
poor color registration and the diffi-
culty and expense of correcting
color deficiencies. Manufacturers,
however, weren’t entirely to blame;
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p. 127].

poor set performance could often
be attributed to tv servicemen ig-
norant of the complexities of color
sets [Electronics, Nov. 27, 1967,

Naturally, manufacturers have
hoped to build sets that would
somehow resist the worst efforts of
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0.3 MHz
SPAGING

SINCLAIR’S NEW
148 to 174 MHz

DUPLEXER

Q-150 - 3R6

The first standard commercial
duplexer offered at such close
spacing, made possible through
Sinclair’'s new Q-Filter Circuit
(Pat. Pend.).

The “Q” Series Filter Circuit
combinesthe most desirable fea-
tures of band-pass and band-stop
filters. The cavities are com-
pletely temperature compen-
sated, and no derating in speci-
fications is necessary down to
-30 C. due to unusual circuit
stability. Power rating is 250
watts, insertion loss 2.2 db,
and isolation is 95 db.

sincLailr raoblio
LaBoratTories

FREE LITERATUR

TO: SINCLAIR RADIO LABORATORIES, INC.
676 Ensminger Rd., P.0. Box 23
Tonawanda, New York 14150

Name:

|
|
|
|
{
| Title:
I
I
|
[
|

- Company:
Address:
City:
State: Zip:
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.. . one package
for less trouble. ..

unscrupulous or ill-trained repair-
men.

One of the first nonsolid state
sets to move toward this goal will
come from the Zenith Radio Corp.
Zenith sets available this fall will
use a monolithic integrated circuit
instead of a vacuum-tube circuit
as the color signal demodulator.
The new demodulator is built by
the Semiconductor division of the
Fairchild Camera & Instrument
Corp.

IC’s have often been advanced
by set designers as a possible way
to overcome some of the opera-
tional and adjustment difficulties
of color sets. They feel that put-
ting more components in one pack-
age means there is less for the
serviceman to deal with. And
closer matching can be achieved
in critical circuits by eliminating
individual component tolerances.

Joint effort. Last year, engineers
from Zenith and from Fairchild
Semiconductor were simultane-
ously working on an IC to improve
color stability and registration;
neither firm was aware of the
other’s work. An added advantage
of the circuit, it was thought, would
be the elimination of a multitude
of electronics that overeager serv-
icemen had tampered with.

When the two companies dis-
covered the similarity of their work,
they decided to make the circuit a
joint project. The result of their
research is a new Fairchild IC color
signal demodulator.

The pA737 chroma demodulator
will be announced June 17 at Chi-
cago IEEE Spring Conference on
broadcast and television receivers;
Fairchild will offer the circuit for
sale to other manufacturers then.

Engineers from both companies
say that the use of double-balanced
detectors in the new IC will sub-
stantially reduce long-term drift
in color sets. These detectors, bal-
anced both to reference and chroma
signals, are extremely sensitive to
both phase and amplitude of the
chroma signal. (In the NTSC code,
phase and amplitude of the chroma
signal carry hue and saturation in-
formation, respectively.) The de-
tectors feed a decoder matrix in
which desired color-difference sig-

Model 1100
Semiconductor
Test System

automatic system
offers high current
transistor
and diode
testing capabilities
at minimum cost!

The new Test Equipment
Corporation Model 1100 test
system gives the budget-
conscious user more testing
capability per dollar than
any available system. It fea-
tures 100 amp pulse gain
measurements, 1 kilovolt
breakdown voltage capability
and reverse leakage current
measurements to 100 pico-
amps.

In addition, the Model
1100 automatically sequences
through five tests and logs
resulting data on paper tape.
Out-of-limit measurements
are printed in red. This ver-
satile system may be ex-
panded to include either a
Tally 420PR-24 punched
tape or IBM 526 card punch.

Write today for technical
and pricing information.

TEC offers test system de-
sign and engineering capabil-
ities and on request will quote
systems to meet specific user
requirements.

Test Equipment

S REN R R RS A T N
P.0. BOX 20215, DALLAS, TEXAS 75220 - 214/357-6271
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Tips on cooling off
hot semiconductors
and microcircuits

Read on. Find out how circuit designers use IERC heat dissipators to protect and improve
circuit performance of semiconductors and microcircuits.

Cool off microcircuit devices with a choice of four new dissi- These special dual and quad Therma-Link dissipators permit thermal mating
pator/retainers. Example: with natural convection, a typi- of matched transistors. Therma-Link retainers do exactly as their name
cal microcircuit device dissipates 1.8 watts with case tem- says: They provide a thermal link between transistors and the chassis or
perature rise of 103°C. Add IERC’s model LBOC2-61B heat sinks. They are also available with beryllium oxide washers which
and retainer and you dissipate 5 watts with the same case have the excellent thermal conductivity of aluminum, are electrically
temperature rise. Retainer-clip may also be used alone to insulative and reduce normal mounting capacitance by %2 to 4. The
mount package to conduction plane. washer is brazed to a brass slug or hex stud for mounting.

Fan Top Dissipators for TO-5 and TO-18 cases Help low-to-medium power transis- New ‘‘Universal” Spade Series for plastic transistors fits
add almost nothing to board height. Don’t tors keep their cool with IERC’s all D-case sizes. Spring clip allows for variation in
need much room on the board either. Avail- stagger-fingered LP’s. Available in case diameters. Excellent dissipation lets you boost
able for both metal and plastic cases. Spring single or dual mounting for ther- operating power 33%. Both single and dual models
fingers make installation simple. And Fan mal mating of matched transistors. as shown. IERC has heat dissipators for all popular
Tops cost just pennies. They fitbothTO-5and TO-18cases. epoxy and ceramic semiconductors.

Need a non-hygroscopic finish with excellent dielectric properties, 50 K megohms
insulation resistance and high heat emissivity? Use Insulube® 448. It also protects
against salt spray and fungus and other adverse environments.

Got a tough one? Our engineers welcome your inquiry for more specific information.
Write us on your company letterhead, please.

SEMICONDUCTOR
HEAT DISSIPATORS

INTERNATIONAL ELECTRONIC RESEARCH CORPORATION % A corporate division of Dynamics Corporation of America « 135 West Magnolia Blvd. « Burbank, Calif. 91502
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if we haven't
made it...
nobody has
asked for it

We make not only a wide variety of
standard cable constructions, in-
cluding all the standard RG/U Coax-
jal cables, but also a tremendous
number of special constructions to
customers’ specifications. These
special Flexlead cables are precisely
engineered to meet the exacting re-
quirements of high and low tempera-
tures, corrosive atmospheres,
repeated flexure, abrasion, excessive
corona, weathering, and many other
severe conditions. Whatever your re-
quirements, Markel will make a cable
to meet them. In fact, the chances
are good that we've already made
one like it . . . and that could save
you both time and money! Your let-
terhead request will bring a copy of
our complete Flexlead catalog.

MARKEL

SINCE 1922

L. FRANK MARKEL & SONS, INC.
Norristown, Pa. 19404 - Phone: 215/272-8960

INSULATING TUBINGS AND SLEEVINGS
HIGH TEMPERATURE WIRE AND CABLE

224 Circle 224 on reader service card

.. . temperature won’t
affect color. ..

nals are developed.

..No degradation. Vacuum-tube
demodulators haven’t been effec-
tively double-balanced, because of
the difficulty of establishing a true
balance in the passive elements
(center-tapped coils, resistors and
capacitors) in the critical parts of
the circuit and the complexity in-
troduced by the active devices.

“We have relied on the precision
component matching achieved
through IC technology,” says Jack
Gifford, Fairchild’s linear -circuit
marketing manager. The result, he
adds, will be that Zenith sets made
with this circuit won’t have color
degradation, which stems from the
changes in amplitude and phase
relationships that characterize pres-
ent color sets.

These changes, explains Gifford,
have a variety of causes. A sudden
temperature change, replacement
of a tube, or the incorrect replace-
ment of a resistor in the standard
color matrix can alter phase and
amplitude vectors. But with the
new circuit, color integrity will be
consistent from set to set and will
be consistent over time.

If faults are found in the demod-
ulator circuits of current sets, the
serviceman usually removes com-
ponents that could be to blame.
After this time-consuming process,
and if the culprit is found, a great
deal of fiddling with the tuned
coils to get the rest of the circuit
back in order is almost always nec-
essary. But now the serviceman
need only replace the demodulator.

To simplify this task as much as
possible, Fairchild and Zenith de-
signed the wA737 to plug into a
standard nine-pin minature tube
socket; the leads, however, are
plated to accept solder for mount-
ing directly on a circuit board.

Specifications

Supply voltage +28 v
Load resistance, min. 3 kohm
Reference input, p-p +5v
Chroma input, p-p +5v
Power dissipation 450 mw
Operating temperature

range 0 to 70°C

Storage temperature range
Lead temperature, 10 sec
soldering

—55 to +125°C
+260°C
Fairchild Camera & Instrument Corp.,

Semiconductor division, Mountain
View, Calif. 94040 [409]

APT-1; 1 cu. in.,
3.15 oz. (actual size)

More torque,
Less weight

in moving coil mechanism

Highly stable, linear and accurate
mechanism for indicating, control or
recording systems. 18-0-18° linearity
is 1%. Coil design with over 75%

of winding “working” in high energy,
uniform field air gap assures greater
accuracy. Coil system weighs 0.85
gm, develops 26.4 mmg of torque;
31:1 T/W. Mechanism offers negli-
gible vibration pivots and jewels —
custom damping — wide range

of sensitivities.

AMMON

AMMON INSTRUMENTS, INC.
345 Kelley St., Manchester, N.H. 03105

Circle 284 on reader service card

MICO

NEW MODEL 885
SEVEN RATIO
WIDE-RANGE ENGRAVER

FOR LONG AND
MULTI-LINE WORK

NO. 885

AMERICAN
MADE

* A time-saver for large plate work
* Engraves 3” x 19” area in one set-up.
« Seven pantograph ratios—from 1:5:1 to 6:l.

e Choice of 3-ball-bearing spindle assemblies for Ys”,
3/16” or taper-shank cutters.

e HSS, COBALT and Solid Carbide Cutters.

« Single and multi-line copy carriers for holding,
blanks 34" to 3'2” high.
* Accommodates Mico standard accessories.

Send for bulletins and prices

MICO INSTRUMENT CO.

77 Trowbridge St. Cambridge, Mass. 02138
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PEARL HARBOR NAVAL SHIPYARD
needs
Electronic, Electrical, Marine,
Mechanical, General, Nuclear Power
Engineers and Naval Architects

New, press-in
indicator light

STARTING SALARIES: $8,325 to $13,619
depending on experience
Salaries include 15% cost-of-living allowance,
which is subject to change.

O Opportunities for professional growth,
advancement.

O Pleasant living for you and your family.

O Pearl Harbor Naval Shipyard, the largest indus-
trial organization in the Pacific, plays a vital role in
today’s nuclear Navy. The activities of the Yard
create a2 broad range of assignments for engineers
and naval architects.

Transportation to Hawaii and back provided for
employees and their dependents. Household effects
will be shipped at government expense. Transporta-
tion for home leave provided if employment agree-
ment is renewed after three years.

These are career Civil Service positions with regular
salary increases, generous benefits, liberal retire-
ment plan, and will be filled on an Equal Oppor-
tunity basis. Send resume of professional experience
or Standard Form 57 to:

PEARL HARBOR NAVAL SHIPYARD

(CODE 170)

k BOX 400, FPO SAN FRANCISCO 96610 /

Y
r %
3750 <

.

1,1
g5 iEtaa OIA.
620

RIB-LOC™ miniature light
mounts securely in .312” round hole
when simply pressed into place

This new, low-cost indicating light provides the ulti-
mate in ease of installation. It simply presses into
place in a .312” diameter round hole. Mounting
pressure required is minimum, yet ribs bite into
sharp edges of hole to provide positive retention.

Long-life incandescent T 134 bulb rated 750 to
20,000 hours or more, depending on bulb and ap-
plied voltage. Available for operating voltages of
4-6, 10-14, and 22-28 volts. Durable polycarbonate
lens in clear, red, green, amber, blue or nontrans-
parent opal. Housing is of tough molded polyamide,
color black.

Terminals are 1/16” dia. intended for solder con-
nection or to accept mating receptacles such as
AMP #61064-1 or similar types. Insulated sleeving
is recommended for receptacle ends.

NEW, FREE CATALOG gives detailed specs and
prices on these and other high quality E. F. Johnson
electronic components. See your Johnson represen-
tative or write for your copy today.

iy

E.F.JOHNNSON COMPANY

3056 Tenth Ave. S. W., Waseca, Minnesota 56093
Providing nearly a half-century of communications leadership
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The Complete Line of Signal-Indicating

Alarm-Activating Fuses

For use on computers, microwave units, communication equipment,
all electronic circuitry.

g @ BUSS GLD-% x 1% in.

Visual-Indicating,
Alarm-Activating.

BUSS GBA-% x 1% in.
Visual-Indicating.

BUSS Grasshopper
Fuse, Visual-Indicating,
Alarm-Activating.

BUSS MIC-13/32x 1%
in. Visual-Indicating,
Alarm-Activating.

BUSS MIN-13/32x 1%
in. Visual-~Indicating.

Aircraft Limiter,
Visual-Indicating.

FNA FUSETRON Fuse
13/32 x 1% in. slow=
blowing,Visual-Indica-
ting, A arm-Activating.
(Also useful for smali
motors, solenoids,
transformers in ma-
chine tool industry.)

BUSS GMT and HLT
holder, Visual-Indica~
ting, Alarm-Actlvating.

Write for BUSS Form SFB

BUSSMANN MFG. DIVISION, McGraw-Edison Co. St. Louis, Mo. 63107
Circle 226 on reader service card

The Complete Line of Fuses For The
Protection of Semi-Conductor Rectifiers

TR U N Rectifier Fuses

Provide extremely fast opening
on overload and fault currents,
with a high degree of restriction
of let-thru current. Many types
and sizes available. Ampere rat-
ings from % to 1000 in voltage
ratings up to 1500.

Wnte for BUSS Form SFB

INSIST ON

FUSES

BUSSMANN MFG. DIVISION, McGraw-Edison Co. St. Louis, Mo. 63107
Circle 226 on reader service card

Why we can offer ‘You
Instrument-quality LaminatedPlastics

Synthane is, and always has been, a manufacturer of
laminated plastics of quality required for instruments
and controls. This quality is strictly intentional. It starts,
as it must, with only the best of reinforcements and
resins, includes extra care in handling and processing,
quality control and inspection door-to-door. Try Synthane
for materials and fabrication and see for yourself. Write
Synthane Corporation, 36 River Road, Oaks, Pa. 19456
for information or circle our inquiry number in this
publication.

ORPORATION

Laminated Plastic Sheets

.Ro 1 Tuhn 1nr_1 Fabric

ated Parts

226 Circle 287 on reader service card

TRANSISTORIZED

signal Modulator

This solid-state signal modulator model CH-4 is designed
for converting low-level DC signals into AC. Convenient
for amplification without mechanical components.

g % B FEATURES
— " . Long life,

. Shockproof

. Moistureproof

. Short offset time
. Negligibls noise
High stability
Wide frequency
characteristic

. Interchangeable with
mechanical choppers.

00

Il SPECIFICATIONS

Dimensions: Diameter....1 inch
Height....... 13inch
Weight............. 43g
Standard 9-pin base

Ambient™temperature............

0°C

20/
NGISE 2 S Sl Below 1uV
Resistance: On state......... ... Shorter than 1/
............................. Below 500Q Max. signal voltage....
..-Off state...... Above 1000MQ Max. signal current

&iLen Q)enslzi @o., ,Qlal

5—5, Yutenji 2-chome, Meguro-ku, Tokyo, Japan.

OffSet time....c..ceievieiinent
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New Books

Where, not how

Sourcebook of Electronic Circuits
John Markus

McGraw-Hill Book Co.

888 pp., $18.50

For the engineer who needs to find
a specific circuit or circuit type
quickly, this collection of more than
3,000 diagrams should be a handy
reference. But a word of warning:
it won’t tell him how the circuit
works. To know that he has to go
to the original source, referenced
in each case by book or by maga-
zine volume and page.

Arranged alphabetically by cate-
gories, the circuits are each accom-
panied by a brief description of de-
sign purpose and, in most cases,
their advantages are pointed out.
Although engineers won’t be able
to actually design the circuit by
looking at the diagrams, they can
pick up some general information

about design configurations and
typical component values.

Timely text

Display Systems Engineering

H.R. Lukenberg and Rudolph L. Kuehn
McGraw-Hill Book Co.

444 pp., $16.50

As time-shared computer services
continue to increase, the number
of peripheral units installed in
many types of organizations around
the country also continues to grow.
In particular, there’s been a boom
in the display-unit market, and a
new technology is rapidly develop-
ing to back it up. This timely book
covers the physics and electronics
of this technology, presenting the
latest information clearly and com-
prehensively.

There are many things to recom-
mend it—for example, its very frank

discussion of lasers. For a change,
the very formidable limitations of
holography and other laser appli-
cations are detailed. This makes the
reader feel that those laser applica-
tions covered might well be worth
pursuing.

There’s also a very helpful section
on military-type displays. These
accounted for the first significant
chunk of the market, and—because
they were developed for sophisti-
cated needs requiring real-time
color operation, for example—they
were quite expensive. Today’s
mass market demands something
far less expensive, but nonetheless
this section of the book gives the
reader a feel for the state of the art
of all displays and contains valu-
able physiological and optical back-
ground information.

But there are also weaknesses.
For instance, it’s not pointed out
that “tv lines” and “lines” can’t

.. Fuseholders of Unquestioned

‘'High Quality

all electronic circuitry.

SUB-MINIATURE FUSES

Ideal for space tight applications, light weight,vibration and shock
resistant. For use as part of miniaturized integrated circuit, large
multi-circuit electronic systems, computers, printed circuit boards,

THU N Sub-miniature Pigtail

Fuses — pody size only .145'x
.300inches. Glass tube construction
permits visual inspection of element.
Hermatically sealed. Twenty-three
ampere sizes from 1/100 thru 15.

INSIST ON

FUSES

BUSS sub-miniature smw
Fuse and HWA Fuseholder

Fuse size only .270 X .250 inches.
Fuse has window for visual inspec-
tion of element. Fuse may be used
with or without holder. 1/200 to 5
amp. Fuses and holders meet Mili-
tary Specifications.

Werite for BUSS Form SFB

The Complete Line of Fuseholders For

Write for BUSS Form SFB .

All Applications

Panel mounted, in-the-line, lamp indica- |

tion, signal-activating, visual indicat-

ing . . .with solder terminals, quick

=%, connect terminals. Also holders

R, to meet Military Specifications
i \ under MIL-F-19207B.

HMR  AF shielded holder

> § for % x 1% in. fuses.

HPC Panel mounted
holder for 13/32 x 1% in.
fuses. Rated 30 amperes [}
for any voltage up to 600.

HKP panel mounted holder
for % x 1% in. fuses,

HKA lamp-indicating, signal
activating holder.

INSIST ON

QUALIT

BUSSMANN MFG. DIVISION, McGraw-Edison Co. St. Louis, Mo. 63107
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228

MODEL 2970

TRIPLE BANANA PLUG
Ideal for balanced line two-con-
ductor shielded cable assemblies,
and 3-terminal power supplies.

Featured in our 1968 general catalog.

Write for your free copy.

POMONA

ELECTRONICS CO., INC.
1500 E. Ninth Street, Pomona, Calif. 91766

PHONO ADAPTERS

MODEL 2957
BNC RECEPTACLE PHONO JACK TO
TO PHONO

MODEL 1442

DOUBLE BANANA
PLUG

Featured in our 1968 general catalog.

Write for your free copy.

POMONA

ELECTRONICS CO., INC.
1500 E. Ninth Street, Pomona, Calif. 91766
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New Books

be wused interchangeably when
there are few of them. As working
engineers know, 525 tv lines doesn’t
mean a resolution of 525 lines, be-
cause 40 tv lines are lost in retrac-
ing. In addition, the Kell effect re-
duces the effective resolution to
about 340 lines or 170 line pairs.

Unfortunately, the first chapter
is often confusing and may dis-
courage the reader. In a diagram of
a typical communications system,
terms aren’t defined and arrow di-
rections are inconsistent, leaving
the reader to figure out whether
feedback or direct flow is indicated
at one point. Checking the refer-
ence to this diagram didn’t help,
either.

Later in the book, “light output™
is used without any units, thereby
encouraging the usual confusion
between “brightness” and “lumi-
nance.” The distinction is impor-
tant because subjective brightness
of a display screen—viewed from a
distance—increases directly with
power. Luminance goes up much
faster, because as high voltage in-
creases on a cathode-ray tube,
spot size decreases and current in-
creases, accounting for the height-
ened brightness per unit area. Thus,
subjective brightness is important
to viewers, while luminance is im-
portant in taking photographs of
the screen.

Then, in discussing phosphor
time constants, the book doesn’t
point out that most phosphors have
more than one and don’t decay ex-
ponentially. And in two otherwise
excellent tables, phosphor life, a
very important characteristic, isn’t
mentioned. Although many design-
ers use long-persistence phosphors,
and even operate tubes at relatively
low beam power levels, they find
that their tubes die earlier than
those with P31, because of effi-
ciency loss.

Perhaps the single greatest over-
sight in the book is the omission of
the use of storage crt’s for com-
puter remote terminals. This is sur-
prising, because there are now hun-
dreds of direct-view bistable storage
tubes in computer display service,
and the literature references date
back several years.

On the other hand, while there

mach?
If you’re looking for a rem-
edy and you can’t remember
the name of a fast-acting
brand, just consult the Trade
Name Directory in your
Electronics Buyers’ Guide.
You’ll have your answer in
seconds. EBG alsohas a
Directory of Products and a
Directory of Manufacturers
and Sales Offices. Useit often.

Electronics Buyers’ Guide

A McGraw-Hill Market Directed Publication,
330 West 42nd Street, New York, N.Y. 10036
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EG&G
SILICON DIFFUSED

PHOTODIODE

* HIGH QUANTUM EFFICIENCY
* WIDE SPECTRAL RANGE ° FAST
RESPONSE TIME * LOW NOISE

SGD-100 PHOTODIODE

The SGD-100 Photodiode — successor to
the popular SD-100 — offers greater sen-
sitivity and lower noise characteristics.
Embodying EG&G’s improved diffused
guard ring design, the SGD-100 has a wide
spectral range with an unusually high re-
sponse in the “blue” region, fast response
time and high quantum efficiency. The
photodiodes are hermetically sealed in a
TO-5 package.

Sensitivity ..... 0.5 uA/uW at 0.9 microns

(70%0 quantum efficiency)
Spectral Range ..... 0.35 to 1.13 microns
Capacitance ........ 7 picofarads at 90v
Rise Time ..t s vt o amiare 4 nanoseconds
Leakage i v oo snies danides 0.2 pA at 90v
NEP (019,00 ) ..o v e 8 7.9x107" watts
Linearity of Response . ... over 7 decades

Applications include CW, pulsed light and
laser detection and measurement, star
tracking, optical navigation, communica-
tion and guidance, and range-finding sys-
tems. The new SGD-100, also available in
calibrated versions, is in quantity produc-
tion for fast delivery at low price.

For information, write: EG&G Inc., 166
Brookline Avenue, Boston, Massachusetts
02215. Telephone: 617-267-9700. TWX:
617-262-9317.

2\ EG:G

ELECTRONIC PRODUCTS DIVISION
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New Books

probably aren’t working displays
anywhere that use Aiken tubes, the
book devotes a half-page to these
devices. It also mentions the three-
color storage tube, another device
that isn’t useful for displays.

Nevertheless, the book is basi-
cally well done—the references are
excellent, for example, and conven-
ient tables are provided throughout
—and its problems are common to
texts covering new technologies
that embrace several fields.

C. Norman Winningstad

Tektronix Inc.
Beaverton, Ore.

Nitty gritty

Modern Electronic Circuit Design
James D. Long

McGraw-Hill Book Co.

286 pp., $12.50

Circuit theory books are usually
written for analysts. This one is
unusual because it’s aimed at the
people who actually design circuits;
the emphasis is on the special re-
quirements of the working circuit
designer. All concepts and equa-
tions are developed for the reader
so he can apply them readily to
familiar design problems. The au-
thor illustrates his points by solv-
ing 10 common design problems.

The problems at the end of each
chapter can be solved without ex-
tensive algebraic manipulations.
When a problem has more than
one solution, several typical ones
are given.

Recently published

Topics in the Theory of Random Noise: Vol-
ume II, R.L. Stratonovich, Gordon and Breach
Science Publishers Inc., 329 pp., $17.50

Deals with noise in relays and oscillators,
topics that involve nonlinear transformations
of random functions and also covers relation-
ship between the theories of correlation and
Markov processes. Intended mainly for speci-
:'-zlists in the field of statistical radio engineer-
ing.

Correlation Techniques, F.H. Lange
D. Van Nostrand Co. Inc., 464 pp., $13.50

Comprehensive survey of theoretical founda-
tions and practical applications of correlation
analysis with emphasis on the latter. Shows
how correlation analysis can be used to
characterize signal sources, transmission sys-
tems, and receivers.

EG&G
SILICON DIFFUSED

PHOTODIODE

* HIGH QUANTUM EFFICIENCY
* WIDE SPECTRAL RANGE ° FAST
RESPONSE TIME * LOW NOISE

SINGLE CELL

BI-CELL

QUAD-CELL

SGD-444 SERIES

The new SGD-444 Series complements
versatile, new EG&G SGD-100 Photo-
diode. Improved diffused guard ring
construction permits higher sensitivity,
lower noise and faster response factors
than ever before available in large (1
cm2 active) area diodes.

Bi-cell and quadrature cell configura-
tions with isolations of greater than 20
to 1 are standard. The photodiodes are
oxide-passivated and hermetically sealed
in a TO-36 package,

Sensitivity ...ccceeceeeens 0.54A/ uW @ 0.9u

(70% Quantum Efficiency)
Spectral Range ................ 0.35t0 1.13,
Leakage ........ccovvvvennne 0.5xA @ 100 volts
RiselTitne ...l ot 10 nanoseconds
NER G e 1.0 x 10712 watts

Linearity of Response .... Over 7 decades

Applications include CW, pulsed light
and laser detection and measurement,
star tracking, optical navigation and
guidance, and range-finding systems.
The new SGD-444 series is in quantity
production for fast delivery at low price.

For information, write EG&G Inc., 166
Brookline Avenue, Boston, Massachu-
setts 02215. Or phone 617-267-9700.
TWX: 617-262-9317.

¢n§ EG:=:G

ELECTRONIC PRODUCTS DIVISION
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Technical Abstracts

The shape of things

Digital control system accuracy
improvement using nonuniform
quantization

Rodney Edwards and John Durkin
University of Manchester Institute of
Science and Technology

England

The use of a digital computer for
process-control loop compensation
entails the sampling of analog input
signals and their subsequent con-
version to digital form. That is, the
digital system quantizes in time and
amplitude. Both types of quantiza-
tion reduce the control system’s ac-
curacy.

Amplitude quantization increases
steady-state control error because
the continuous input signal is
changed to a staircase-like relation-
ship between input and output. The
difference between the true con-
tinuous signal and its staircase
value at a given input is the quan-
tization error. After the quantized
analog signal is converted to its

equivalent digital word, arithmetic
manipulations in the computer re-
sult in an additional error because
the words are rounded off.
Conventional quantization uses
uniform increments of the independ-
ent variable. Accordingly, the con-
version of large-amplitude signals
uses most of the quantization levels
and results in small relative errors.
However, for small signals only the
first few levels are used, so that
errors are relatively large. Thus,
uniform quantization isn’t best for
system control, because large tran-
sient errors can be corrected well
with coarse quantization, while
small errors need fine quantization.
One way around this problem is
to use nonuniform quantization,
which compresses the signal before
uniform quantization and expands
it afterward. Three methods of
shaping, adapted from work in
pulse-code modulation of speech,
are hyperbolic, logarithmic, and log-
linear quantization. The last con-

sists of a true logarithmic shape
smoothly joined to a linear segment
at low levels.

Of the three methods, log-linear
quantization has the lowest root-
mean-square (RMS) error. Specifi-
cally, the log-linear quantization
method reduces the steady-state
RMS error, as compared with uni-
form quantization, by

AR
1+ log A

where A is the compression factor.
When A equals 1, the formula rep-
resents uniform quantization. Gen-
erally, for nonuniform quantization
the value may be several thousand.

For one loop, with dead time,
controlled by a digital system using
nonuniform quantization, the com-
pression value was 1,380. This
means the accuracy of the steady-
state control system was improved
167 times by nonuniform quantiza-
tion. This is equivalent to seven
conversion bits over a wide range
of converter bit capacity.

Presented at the Pulse Symposium of the
International Federation of Automatic
Control, Budapest, April 8-11.

GUARANTEED UNIFORMITY I
IN ELECTRICAL, PHYSICAL l
CHARACTERISTICS

o Available in 2, 1, ¥ and ¥ watt sizes.
® Uniform from resistor to resistor,
order to order. s IS et
® 100% tested for resistance value
® Same day shipment on 9 orders out
of 10. 4 o
® Solderability, load life and humidity-
temperature characteristic checked.

e |mpregnated to assure moisture resist-
ance.

e Write for literature.

- STACKPOLE
CARBON COMPANY

Electronic Components Division
Kane, Pa. 16735
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SOLVE NOISE AND |
FILTERING PROBLEMS WITH
CERAMAG® FERRITE BEADS |

~

|
I
|
|
I
|
I
e Ceramag® ferrite beads are low cost, |
easy to install, and save space.
e Effective r.f. decoupling, shielding I
and parasitic suppression without sacri- |
ficing low-frequency power or signal I
level.
e Installed by simply sliding one or |
several over conductor leads. I
e Beads can, but need not, be grounded.
o Sizes from .040” ID — .100” 0D — |
100~ L. |
e Sample quantities available. |
I
I

- STACKPOLE
CARBON COMPANY

Electronic Components Division
St. Marys, Pa. 1585

’ % 857
B e
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NEW SPECIAL PURPOSE
RESISTOR PROTECTION

is,

ors, circuit breakers, spark plugs.

e Available in rods, sleeves, rings, spe-
cial shapes, up to 15” in length and 5”
in diameter.

e Ceramic composition favors high
voltage applications with high surges.

e Organic Special Purpose Resistors are
inexpensive solution where heat dissipa-
tion is necessary.

e Both ceramic and organic available in
wide range of resistivity values.

e Write for technical assistance.

CARBON COMPANY
® Electronic Components Division
St. Marys, Pa. 15857

S — — — — — — — — S— _—_

X

I
I
I
I
I
[
I
I
I
I
e Currently in use on lightning arrest: I
I
I
I
I
!
|
I
I
I
I
I

e RN ——
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Disappearing act

Laser trimming of thin film resistors
B.A. Unger and M.l. Cohen

Bell Telephone Laboratories

Murray Hill, N.J.

A laser beam, focused to a very fine
and intense spot, can “machine”
the metal from a thin-film circuit
in a prescribed pattern. This non-
contact process, used specifically to
trim tantalum nitride thin-film re-
sistors to precise values, applies to
other types of resistive films as
well. It can be used in almost any
order of circuit fabrication.

A continuously pumped yttrium-
aluminum-garnet (YAG) laser, the
machining tool, can be operated
continuously with nominal 1 watt
power output. Or it can be switched
to provide a continuous train of
pulses with a nominal peak power
of 1 kilowatt, average power of 100
milliwatts, and pulse duration of
200 nanoseconds—when the repeti-
tion rate is 400 hertz.

This is more than enough power
to vaporize a 1-mil diameter spot
of tantalum film that is 3,000-ang-
stroms thick.

The YAG trims resistors by ma-
chining at the edges, by thermal
oxidation, or by vaporizing small
spots in the interior of the resistor.
This last method changes the re-
sistance with a minimum effect on
capacitance and inductance and
also maintains the full geometry
for good heat dissipation. Spots
from 0.1 mil to over 1 mil in diam-
eter were vaporized in tantalum
resistors with minimum damage to
the substrate. A rectilinear array
of spots provided changes in values
of over 20% with trimming toler-
ances for some cases as good as
=#0.01%. An aging characteristic—
up to 2% change— has been ob-
served immediately following laser
trimming.

Resistor trimming by shaping the
geometry with the laser beam—
another method—can increase the
resistance value by 3 to 10 times,
and is suited for gross changes in
resistance.

Oxidation of the tantalum film by
laser heat—the third technique—
may be used by itself as a trim-
ming technique, or combined with
the laser machining methods. An

experiment that combined hole va-
porization and laser heat treatment
showed encouraging results with
regard to the precision of value
and to the stability of character-
istics.

Presented at the IEEE-EIA 1968 Electronics

Components Conference, May 8-10,
Washington.

Opening the window

Ceramic piezoelectric wide-bandpass
filter with elliptical shape

C.W.H. Barnett

Harry Diamond Laboratories
Department of the Army

Rejection filters are made with two
cemented circular piezoelectric
ceramic disks and a silver foil in
between. The disks are series-con-
nected in the high side of the sig-
nal, and the metal foil goes to
ground. The result is a mnarrow-
bandwidth filter whose resonant
frequency is inversely proportional
to the diameter of the disks—pro-
vided the diameter is at least four
times the thickness of one disk.
When a wider passband is de-
sired, more circular disks are

ENVIRONMENT PROOF
ROTARY SWITCHES

e Both index mechanism and electrical

I
I
I
I
|
I
I
|
I
I
sections are completely enclosed. |

e Corrosive atmospheres, dust, dirt and |

moisture are permanently sealed out,

Jubricants sealed in. I

e Solder or quick-connect terminals I

molded permanently into position mini- I

mize production damage.

e Standard index angles include 15°, l

30°, 36°, 60° and 90°, special angles |

available on request.

e Write for engineering bulletin. I
I
|
I
I
|

COMPONENTS COMPANY

P. 0. Box 14466
Raleigh, N. C. 27610
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UNEXCELLED QUALITY
FOR LESS THAN 4¢

~

o Listed by UL AND CSA, 1 to 10 amps |
at 125V AC. I
® 7960 slide switch combinations—23
basic types. |
e New rugged solder lug terminal, de- |
signed for use with quick connectors.

e Uniform quality assured by automated |
assembly. |
e Electro-silver plated terminals and |
contacts—shorting and non-shorting.

e Phenolic or nylon triggers in a variety |
of colors. I

e Write for engineering literature.

+ STACKPOLE

COMPONENTS COMPANY
® P. 0. Box 14466 l
Raleigh, N. C. 27610

— — —— — — — — —— — — — — — — — — T — — — — _—
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UNIQUE DESIGN ADDS
VALUE AND APPEAL

e 23 rocker switch configurations, in-
cluding 2-3 positions, spring return and
center-off.

o Variety of rocker designs available in
a spectrum of colors and hot-stamped
lettering.

o Listed by UL AND CSA, 1 to 10 amps
at 125V AC.

e Solder lug, space saver, quick-con-
nect or printed circuit terminals.

e Field-proven quality same as famous
Stackpole slide switches.

e Prices start at less than 15¢.

e Write for engineering literature.

COMPONENTS COMPANY
P. 0. Box 14466
Raleigh, N. C. 27610

¢
®
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Analyze
light
sources

There's an easier way to meas-
ure radiance and irradiance,
luminance and illuminance. Use
one of Gamma Scientific’s light
analysis systems. You'll get top
performance, and you'll elim-
inate all the headaches of one-
of-a-kind instrumentation.

VERSATILE. All our photometric
and spectroradiometric systems
are compatible with a full line of
plug-in heads and accessories.
Microscopes. Telescopes. Grating
monochrometers. Cosine recep-
tors. Filters. Etcetera. You can
change from one configuration to
another in moments.

ACCURATE, RELIABLE. Gamma
Scientific's fully transistorized
systems are assembled, tested,
calibrated . . . guaranteed from

input to output. Add one of our
calibrated sources and your
measurements will be consist-
ently accurate, traceable to NBS.

ECONOMICAL. You'll save time
and money because you'll be able
to meet your total instrumenta-
tion needs with a single Gamma
Scientific system.

APPLICATION ASSISTANCE. We'll
help you whether you're analyz-
ing light sources, optical sys-
tems, photo detectors or the
optical properties of materials.

MORE INFORMATION. Get all the
details and our latest catalogue
by writing to Systems Manager,
Dept. 211, Gamma Scientific, In-
corporated, 2165 Kurtz Street,
San Diego, California 92110.

IMMEDIATE PROBLEMS? Call
collect 714/291-2230.

v I

& GAMMA
SCIENTIFIC

Incorporated
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Technical Abstracts

stacked together, with each differ-
ing in resonant frequency from the
preceding one by a few kilohertz.
Such a combination is called a lad-
der filter. Thus, the wider the de-
sired bandwidth, the greater the
volume of the ladder filter.

In an effort to reduce the volume
of wide-passband ceramic filters to
make them suitable for microcir-
cuits, the use of elliptical instead
of circular disks was investigated.

The resonant frequency of an
elliptical pair depends on the
dimensions of the minor axis, d,
and the major axis, D. The inser-
tion loss of the filter is a function
of the D/d ratio.

For one experimental elliptical
filter, the D/d ratio was 1.24. The
filter, 1/16-inch thick with a 1/4-
inch minor diameter and 5/16-inch
major diameter, had a 194-khz cen-
ter frequency and a bandwidth of
31 khz at 3 decibels down, or a
bandwidth 16% of the center fre-
quency. But when the bandwidth
is more than about 10%, insertion
losses become excessive.

The rejection ratio of the ellip-
tical filter is about 20 db, compared
with the 30 to 85 db available in
commercial ladder filters. There
isn’t any obvious way to improve
this ratio in the elliptical filter, but
the filter’s smallness is still an ad-
vantage.

Presented at the IEEE-EIA 1968 Electronics
Components Conference, May 8-10,
Washington.

Stronger varactor chain

The generation of high microwave
power using arrays of varactor diodes
D. Parker

Massachusetts Institute of Technology,
Lexington, Mass.

A.l. Grayzel

NASA Electronic Research Center,
Cambridge, Mass.

High microwave power in com-
munication satellites is usually
achieved by using varactor diodes
to multiply lower frequencies gen-
erated by transistors. An experi-
mental varactor frequency doubler
eliminates the need for hybrid
power dividers and combiners,
which add circuit complexity and
weight. A four-diode series array

and an eight-diode series-parallel
array, converting 0.9 gigahertz to
1.8 Ghz, have both handled more
than 60 watts of input power at
higher efficiencies than a single di-
ode.

A phase-shift network of appro-
priate characteristic impedance
separates each varactor in the ar-
ray, allowing each to share an
equal amount of power and ensur-
ing that the outputs of all add in-
phase at the load.

Networks consist of half-wave
transmission lines with load and
source at the same end of the
array. Since both the input and
doubled output frequencies flow
on the same line, a diplexer at one
end of the array separates the two.
The array can be easily expanded
and tuned at the input and output
terminals.

Because parametric oscillation
occurred during the tuning of ar-
rays containing several diodes, a
series stub that looks like a short
circuit at input and output fre-
quencies was built into the net-
work. Below the input frequency,
the stub acts like a high-capacitive
reactance, thereby filtering low
frequencies.

Presented at the AIAA 2nd Communications

Satellite Systems Conference, San Francisco,
April 8-10.

Watch out!

The associative processor in aircraft
conflict detection

W.C. Meilander

Goodyear Aerospace Corp.

Akron, Ohio

In the nine years through Decem-
ber 1967, there were 187 aircraft
collisions in the U.S. and they re-
sulted in 454 fatalities. In 1967
alone, 150 people were killed in 27
collisions.

And if airspace was crowded be-
fore, it will be mobbed within a
few years. The Federal Aviation
Administration is counting on 200,-
000 planes in the U.S. by 1977,
compared with today’s 92,000. Air-
port operations totaled 41 million
in 1967, but the figure is expected
to reach 139 million in 1975,

A fast, accurate, and low-cost
collision avoidance system is thus
urgently needed. A new real-time,
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ADJUST-A-LOK STOOLS

Adjust to every worker like fine tools!

Cramer Adjust-A-Lok is immediately adjustable to any
workers height. Just release the safety stop, and lift or
lower. It can be done just that quick. Since fatigue is
a critical factor in efficiency of seated workers, it's
just good economics to provide tools that minimize
fatigue. With Adjust-A-Lok every worker can find
his own most comfortable and efficient level. 6 seat
styles and 5 base types provide 30 available models.
For more information: write V. P. Sales, Cramer In-
dustries, Inc., 625 Adams, Kansas City, Kansas 66105.

Industrial supplier Ol CRAMER INDUSTRIES INC.
inquiries invited

A Subsidiary of USM 0il Co.
Cramer — The leader in style and quality
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MINIATURE
Brite Glo Lamps

An unusual ring-electrode construction glows
on the entire surface for maximum bright-
ness. The unobstructed glass allows the il-

luminated elements to be placed close to the
top where it may be viewed to advantage. 3
styles: with short bare leads; with 10” insu-
lated leads; with 10” insulated leads and
metal base.

FREE

12-PAGE
CATALOG
WRITE!

*ELECTRONIC
PRODUCTS.INC.

MASSACHUSETTS

ALL

LAWRENCE

COMPACT

NUMERIG
READDUTS

AT REASONABLE PRICES

Displays 0-9 numerals by illuminating miniature lamps . Com-
bination of lamps can be controlled with a matrix circuit (not
supplied). Decimal points can be used as colon when 2 units are
placed together. Indicator provides high illumination with a low
voltage and current. Colored filters available. 6 & 12V. Figures
25/32"”high. 20,000 hr. bulb life.

PRICES
start at

ALCOSecrrove B

LAWRENCE, MASSACHUSETTS e
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Still using LC's?
This might change
your mind:

1.55 —

=

Clevite’s ceramic
ladder filters deliver 80 db
rejection in 01 cu.in.!

o TL40D55A

110
100

90

0
60 DB 53 KC

60 |-

501

40t

POWER INSERTION LOSS Db

30

20

101 6 DB 43 KC

1 I

1 1 A 1
360 400 440 480 520 560
FREQUENCY kHz

Here's a fixed-tuned filter that offers more selectivity
forits size than any conventional i-f filter on the market!
Clevite's non-magnetic, non-microphonic, 17-disc ceramic
ladder filter is ideal for i-f stages of high quality superheterodyne
radio receivers used in airborne or ground AM and FM com-
munications equipment. Stop band rejection: 60 or 80 db. Center
frequency tolerance: = 1 kHz for 20 kHz B/W and below;
=+ 2 kHz for 30 kHz B/W and above. Stability: within +0.2%
for 5 years; within 0.2% from —40°C to +85°C. Impedance
(in and out) 2500 ohms for 12 kHz bandwidth and below;
1500 ohms for 13 kHz to 29 kHz B/W; 1200 ohms for 30 kHz
bandwidth and above.

Following models standard at 455 kHz (A) or 500 kHz (C)
(custom models on special order) :

Model B/W Moc:| B/W

Number Min. @ 6db Max. @ 60db Number Min.@ 6db Max. @ 60db
TL-2D5 (A) 2 kHz 5 kHz TL-20D32 (A) 20 kHz 32 kHz
TL-4D8 (A) 4 kHz 8 kHz TL-30D45 (A) 30 kHz 45 kHz
TL-6D11 (A) 6 kHz 11 kHz TL-40D55 (A) 40 kHz 55 kHz
TL-8D14 (A) 8 kHz 14 kHz TL-45D65 (A) 45 kHz 65 kHz

TL-10D16 (A) 10 kHz 16 KHz
TL-16D25 (A) 16 kHz 25 kHz
PRICES: 1 —$52.50; 25— $42.00 ea; 100 — $36.75 ea;
500 — $31.50 ea; 2000 — $26.00 ea.
(Prices subject to change without notice.)

Send order or request for Bulletin 94017 to: Clevite Corporation,
Piezoelectric Div., 232 Forbes Rd., Bedford, Ohio 44014, U.S.A.
Or: Brush Clevite Company, Limited, Southampton, England.

CLEVITE
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SAVE TIME
AND MONEY

Reduce your masking costs
Increase your production

with
BY-BUK

KWIKY-DOTS

OVERLAPPING MASKING DISCS

Connected strings of several discs
can be used for faster application,
no adhesive transfer. High heat re-
sistance, size from 1" dia. up.

vtz

Also, masking tape cut to special widths %52”
to 6”. Pre-cut spray masks, die-cut masks,
caps, plugs and other masking aids.

Write for FREE catalog and samples

BY-BUK

COMPANY
4326 W. Pico Blvd.
Los Angeles, Calif. 90019
Area Code (213), 937-3511
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Technical Abstracts

ground-based, conflict detection
system under consideration de-
pends on a discretely addressable
beacon-transponder on each plane
and an associative processor. Us-
ing signals from transponders, the
associative processor will rapidly
order aircraft positions—from near-
est to farthest—and extrapolate the
velocity vector for each of up to
2,000 aircraft to determine if there
are impending collisions. The pi-
lots would have sufficient look-
ahead time—perhaps 1 minute—to
maneuver their craft.

The discretely addressable trans-
ponder in each aircraft would
be interrogated in two 1-second
modes. In the first, a specific code
for each plane would be trans-
mitted from the ground, and each
plane would respond with its iden-
tity and altitude. Up to 2,000 aicraft
could be interrogated in a second.

In the next second, all aircraft
not responding in the first second
would be interrogated to detect
new aircraft arriving in the traffic
control area. Three receivers would
detect an aircraft’s transmitted
code, and the time difference of
signal arrivals would be used in
triangulating the aircraft’s position.

Determining triangulations for
2,000 planes, extrapolating their ve-
locity trajectories, and performing
other calculations—all in real time
—is a formidable assignment, but
the associative processor can han-
dle the job. Consisting of a pro-
gram storage unit, a control unit,
and a content-addressable process-
ing store unit, it can do many com-
putations simultaneously. Each
word of the processing store unit
is a simple computer, and each can
handle a different task.

Locating an aircraft and storing
its three triangulated times would
take less than 3 microseconds. Cal-
culating positions from raw data
would take less than 1 usec. And
the processor would need only 10
usec to order each plane by its
range from the terminal point.
Over-all, the system could plot the
present and future positions of up
to 2,000 aircraft in less than 3 sec-
onds.

Presented at National Aerospace Electronics
Conference, Dayton, Ohio, May 6-8.

custom-designed precision ““pots,”’
wirewound or metal film

“SUBSTANTIAL DECREASE in rejection rate
compared to former cermet type pots,”
says Ampex Corp. after experience with
production runs of Digilog metal film
units. Special requirements for this appli-
cation: frequencies to 6MHz; max. capaci-
tance of 1.5 pf; max. inductance of 0.15
wh; total resistance of 1,088€) +5%;
linearity of 1%, and temp. coeff. 4-20-
ppm/°C.

For precision pots to YOUR special require-
ments, linear or non-linear, call your Digi-
log rep, or send drawing and specifica-
tions. " 1a" Va"

‘‘Differatio”
trimmers,
20-turn, top ]
or side adjust.
Ask about
samples
-

701 Third Ave. No., Seattle, Wash. 98109
Phone (206) 284-6811; TWX 910-444-1665
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Cartoon by Whitney Darrow, Jr.

Be a buddy!

One gift works many wonders

THE UNITED WAY
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NATIONAL shortened
the NL-5750 to save space

® maximum overall height 1.350”
m made in Geneva, lllinois U.S.A.
m $3.95 in 1000 quantity

NATIONAL

ELECTRONICS, INC.

a varian subsidiary

PHONE: (312) 232-4300 - GENEVA, ILLINOIS 60134
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Transistor

Life Test Assemblies
with close
temperature control

Unlimited number of modules - ELL
can be tested or broken in . . . with - MHE
air or liquid (house water or = B
closed system coolant) cooling.
Electrically insulated
interchangeable mounting stations
to accept all popular case styles.
Individual cell temperature control
with 5°C max. variation between
devices. Each cell functions as an
individual test facility with control
of temperature and power
dissipation. Supplied complete or
ready to accept your power
supplies and circuitry.

e

Write for BULLETIN NO. LTA.

v WAKEFIELD

2 ENGINEERING, INC.

WAKEFIELD, MASS. 01880m (617) 245-5900 - TWX 617-245-9213
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environmental
test chambers?
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here’s the most

complete line
anywhere...

Looking for the environmental chamber that will
match your requirements exactly—at a down-to-
earth price?

The most complete line of Temperature and Tem-
perature-Humidity chambers for either compo-
nent testing or systems testing is completely
cataloged and priced for your convenience. With
off-the-shelf delivery of high-quality standard
products, Associated should definitely be your
first choice for your next environmental test
chamber.

The new Associated catalog represents several
million hours of engineering experience in the
environmental field—provides detailed data to
help you select, specify and use the chamber you
need. Get your copy today —simply write or call.

ASSOCIATED
TESTING
LABORATORIES

FINI .. 200 Route 46, Wayne, N. J. 07470 o (201) 256-2800
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NEW/ FROM
NORTRONICS

“STUDIO”
SERIES

TAPE HEADS

FOR AUDIO
MASTERING

APPLICATIONS
on 1/2” and 1” tape

The StuDIO series is a new line
of magnetic tape heads with
SMPTE track format, for 15-
inch and Il-inch tape. Erase, Re-
cord, and Playback heads are
available for three, four, six,
eight, and twelve channels. Qual-
ity and performance are held to
exacting professional standards.
Record and Playback heads
include the following features:
= All-metal hyperbolic-contour
faces.
m Precision-lapped deposited
quartz gaps.
® Minimum low frequency
contour effect.
® Drawn hi-mu shield cases.
Nortronics, the world’s largest
manufacturer of magnetic re-
cording heads, recommends this
complete new line of “ST”’ type
StubpIo heads to manufacturers
for use in quality original equip-
ment. STUDIO series heads for
replacement purposes are avail-
able locally through your Nor-
tronics Distributor. For com-
plete technical data, write to
Nortronics today.

Hortronics

COMPANY, INC.

8101 Tenth Avenue North
Minneapolis, Minnesota 55427
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New Literature

Pulse generator. Datapulse Inc., 10150
W. Jefferson Blvd., Culver City, Calif.
90230. Technical bulletin 113 describes
a pulse generator that offers 0.5-hertz
to 250 megahertz repetition rates and
built-in pulse-burst capability.

Circle 446 on reader service card

Pulse modulator packages. Raytheon
Co., 190 Willow St., Waltham, Mass.
02154, has issued a four-page bro-
chure on pulse modulator packages for
radar transmitters. [447]

D-c power supplies. Hewlett-Packard
Co., 100 Locust Ave., Berkeley Heights,
N.J. 07922, has published a pocket-
sized folding selection guide that classi-
fies all its d-c power supplies according
to regulation and lists them within
each classification according to output
voltage and current ratings. [448]

Coaxial cable connectors. Reynolds In-
dustries, 2105 Colorado Ave., Santa
Monica, Calif. 90404. A short-form
reference sheet lists coaxial cable con-
nectors in four series with high altitude
ratings to 20 kilovolts. [449]

Universal recorders. Houston Instru-
ment Division of Bausch & Lomb,
4950 Terminal Ave., Bellaire, Texas
77401. Bulletin 2686520 offers a com-
plete description of and specifications
for the Omnigraphic 6520 and 6540
universal recorders. [450]

Operational amplifiers. Analog Devices
Inc., 221 Fifth St., Cambridge, Mass.
02142, A four-page foldout data sheet
gives circuits, specifications, and ap-
plication guidance for models 210 and
211 low-cost, chopper-stabilized opera-
tional amplifiers. [451]

High-temperature materials. Aremco
Products Inc., P.O. Box 145, Briarcliff
Manor, N.Y. 10510. Selection chart No.
523 lists 10 ceramic and plastic adhe-
sives, coatings, and potting compounds
for use at high temperatures. [452]

Solid state choppers. Solid State Elec-
tronics Corp., 15321 Rayen St., Sepul-
veda, Calif. 91343, has available a 62-
page catalog describing 30 types of
solid state choppers. [453]

Germanium transistors. KSC Semicon-
ductor Corp., KSC Way, Chelmsford,
Mass. 01824. Engineering data sheets
describe four new series of high-power
germanium transistors in reduced size
TO-8 and TO-66 cases. [454]

Core memory components. Ampex
Corp., 401 Broadway, Redwood City,
Calif. 94063. Operating specifications
of 11 magnetic core types and descrip-
tion of various core memory stacks are
offered in core memory components
folder CO41. [455]

Coaxial cable. Andrew Corp., 10500 W.
153rd St., Orland Park, Ill. 60462.
Technical bulletin 270 covers a low
vswr coaxial cable that can minimize
antenna feeder echo distortion in high-
capacity 2-gigahertz microwave sys-
tems. [456]

Temperature controllers. Pak-Tronics
Inc., 4044 N. Rockwell St., Chicago
60618, has available eight-page cata-
log F-6350 covering a line of solid
state temperature controllers. [457]

Thermistor probes. Yellow Springs In-
strument Co., P.O. Box 279, Yellow
Springs, Ohio 45387. Temperature
sensing thermistor probes series 400
and 500 are described in a six-page
folder. [458]

Graphic level recorder. B&K Instru-
ments Inc., 5111 W. 164th St., Cleve-
land 44142. Model 2305 graphic level
recorder and its uses, features, and
accessories are presented in an eight-
page bulletin. [459]

Electro-optical construction modules.
Ardel Instrument Co., P.O. Box 992,
Jamaica, N.Y. 11431. A four-page illus-
trated brochure describes more than
60 modules of the Kinamatic electro-
optical construction system. [460]

Digilogger. EnTex Inc., P.O. Box 770,
Friendswood, Texas 77546. A four-
page brochure describes the Digilog-
ger, a versatile scanner, analog-to-digi-
tal converter, and printer, all in one
low-cost instrument. [461]

Hybrid circuit design. Bendix Corp.,
South St., Holmdel, N.J. 07733, offers
a six-page engineering report entitled
“Standard Thick Film Package Design
for Hybrid Microelectronic Devices.”
[462]

Electromagnetic readout device. Verni-
tron Corp., 59 Central Ave., Farming-
dale, N.Y. 11736. Vernidex, a digital
input-electromechanical readout device
that enables engineers to solve many
problems in electronic systems design,
is described in a current bulletin. [463]

Drafting aids. Bishop Industries Corp.,
11728 Vose St., North Hollywood,
Calif. 91605, has issued an up-to-date
28-page catalog of drafting symbols
for the electronic and aerospace indus-
tries. [464]

Telemetering modules. Solid State Elec-
tronics Corp., 15321 Rayen St., Sepul-
veda, Calif. 91343, offers a 40-page
catalog describing its line of f-m/f-m
telemetering modules. [465]

Test equipment. Beckman Instruments

Inc., 2500 Harbor Blvd., Fullerton,
Calif. 92634. Insulation test equip-
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DIGI/4EC

low cost
compact

digital
panel meter. . .

757

in quantities of 50 to 189

ACCURACY of .05% of reading + 1 digit is RESOLUTION . .. typically .02%

obtained through the use of high stability VERSATILITY .. . the T00MV basic range may
circuits be extended to IKV or adapted to current
RANGE . . . basic span 100MV DC full scale measurements. Non-linear functions also
RELIABILITY proven by over 20,000 instru- available.

ments in use with an average MTBF in excess MINIATURIZED . . . requires only 3.25" x 5.6"
of 24 months. of panel space. Delivery from stock.

et
DIGIJEC, by UNITED SYSTEMS CORPORATION

Stocking representatives throughout the world 918 Woodley Road * (513) 254-6251  Dayton, Ohio 45403
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“ON-OFF” EVENTS
Simultaneously
On A Single Chart

Want to know WHEN sixty events happen..
how LONG they last... their time RELA-
TIONSHIP to each other?

The Techni-Rite high speed TR-6460 Event
Recorder gives you this vital informa-
: tion AS IT HAPPENS on a single

i, EASY-TO-ANALYZE per-
manent chart. Response
time is only 3 ms.

Reliability? Operational
. on all major Space and

Weapons programs since
. 1961!

Accepts any type of sig-
nal, from low level d.c.
to switch closure. Even
monitors voltage thresh-
old levels.

7 (Also available in 20 and 40
channel models)

Want complete information? Ask for
brochure and chart sample. Write,

A Subsidiary of Gulton Industries phone, TELEX.
Techni-Rite Industrial Park, Warwick, R. |. 02887

((‘0b"; I:[;(’(. ELECTRONICS INC

Tel. (401) 737-2000 Telex 927725
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Compact
electronics package?

GOOL

L el

...with a small size, long life,
high output AiResearch fan.
Garrett-AiResearch special
purpose fans are individually
designed and custom built
to deliver more flow and greater
pressure rise with a minimum
envelope size.

Take a typical AiResearch small
size fan: computer-optimized for
required performance under all
operating environments; our own
motor, engineered and manu-
factured for a perfect match to its
fan; and up to 40 percent more
airflow than any other ventilating
fan of similar input, size, and weight.

Next time you need a ventilating
fan for a very special airborne or
ground electronics enclosure
specify AiResearch. Available for
high temperature and cryogenic
applications, with flow rates and
power requirements as specified.
AiResearch Manufacturing
Division, Torrance Facility,

2525 190th Street,
Torrance, California 90509.
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New Literature

ment, electronic test and measuring
instruments, high-voltage power sup-
plies, and automatic component testers
are comprehensively covered in a 40-
page catalog. [466]

Digitized light table. Data Tech Inc.,
65 Grove St., Watertown, Mass. 02172.
Bulletin 3-100 presents a low-cost digi-
tized light table tailored for the printed-
circuit manufacturer using numerical-
control drilling equipment. [467]

Microwave switching diodes. Unitrode
Corp., 580 Pleasant St., Watertown,
Mass. 02154. Bulletin M-138 intro-
duces a new line of p-i-n high-power
microwave switching diodes designed
for operation in megawatt peak-power
and kilowatt average-power applica-
tions. [468]

IC test system. Fairchild Instrumenta-
tion, 974 E. Arques Ave., Sunnyvale,
Calif. 94086. A 12-page descriptive
brochure details features of the series
5000 integrated-circuit test system.
[469]

Instrumentation tape. Memorex Corp.,
1180 Shulman Ave., Santa Clara, Calif.
95050, has issued a technically com-
plete and colorful brochure on its new
series 63 broadband instrumentation
tape. [470]

Linear amplifier. Hamner Electronics
Co., 1945 E. 97th St., Cleveland 44106.
A technical bulletin describes the NA-
16 variable shaping linear amplifier.
[471]

Thumbwheel switches. Chicago Dy-
namic Industries Inc., 1725 Diversey
Blvd., Chicago 60614. Ten-position bar
indicator thumbwheel switches are il-
lustrated and technically described in
a two-page catalog. [472] ;

Digital data acquisition. Howell Instru-
ments Inc., 3479 W. Vickery Blvd.,
Fort Worth, Texas 76107, offers a
brochure describing in detail its new
systems for digital data acquisition.
[473]

Service computer. Bissett-Berman
Corp., P.O. Box 655, Santa Monica,
Calif. 90406, has published a 12-page
brochure describing the functions and
applications of its Sentry/100 heavy-
equipment service computer. [474]

R-f connectors. Microdot Inc., 220
Pasadena Ave., South Pasadena, Calif.
91030, announces a brochure on the
MARC 151 line of high-reliability, very-
low-vswr r-f connectors. [475]

Rotary switches. Digitran Co., 855 S.
Arroyo Parkway, Pasadena, Calif.
91105. A line of miniature pushbutton
rotary switches for use in military ap-
plications and severe industrial environ-

ments is described in a product bul-
letin. [476]

Instrumentation tape recorder. Ampex
Corp., 401 Broadway, Redwood City,
Calif. 94063. Data sheet DO82 con-
tains description and performance
specifications of the model FB-400 bin-
loop instrumentation tape recorder for
use in recording rapid-burst telemetry
or radar signals. [477]

Video detector. Sage Laboratories Inc.,
3 Huron Drive, Natick, Mass. 01760,
has published a 24-page technical dis-
cussion entitled “The Video Detector.”
[478]

Semiconductors. Motorola Semicon-
ductor Products Inc., Box 13408,
Phoenix 85002, has released its 1968
condensed catalog describing major
electrical specifications for more than
3,500 individual semiconductor types.
Ordering information on some 12,000
devices is included. [479]

Neon glow lamps. Signalite Inc., 1933
Heck Ave., Neptune, N.J. 07753, offers
a revised eight-page illustrated bro-
chure describing neon glow lamps for
indicator applications, voltage regula-
tors, and circuit components. [480]

Precision waveguide tubing. Engelhard
Minerals & Chemicals Corp., 113 Astor
St., Newark, N.J. 07114. A brochure
on precision waveguide tubing presents
a complete listing of data and includes
special sizes, materials, and param-
eters. [481]

Pressure transducers. Kistler Instru-
ment Corp., 8989 Sheridan Drive, Clar-
ence, N.Y. 14031, has issued three bul-
letins containing specifications and
descriptions of quartz piezoelectric
transducers for the measurement of
high-level explosive pressures. [482]

Data acquisition and control. Foxboro
Co., Foxboro, Mass. 02035, has re-
leased a 16-page publication describ-
ing a computer-based data acquisition
and control system designed for power
plant operations. [483]

Indicator lights. Marco-Oak, division of
Oak Electro/Netics Corp., 207 S.
Helena St., Anaheim, Calif. 92803. A
32-page catalog on indicator lights,
compiled in the form of an engineer-
ing handbook, features photographs,
line drawings, and detailed specifica-
tions. [484]

Infrared analytical accessories. Barnes
Engineering Co., 30 Commerce Rd.,
Stamford, Conn. 06904. Featured in
bulletin 68-2A is a sampling of the
company's wide range of infrared
spectrophotometer accessories and
cells. [485]
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Dur 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.

It’s the industry’s one-stop

shopping center that lets you

find the products and

services you need quickly.

You can depend on EBG.

Electronics Buyers’ Guide

A McGraw-Hill Market Directed Publication,
330 West 42nd Street, New York, N.Y. 10036
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CEDAR ENGINEER CEDAR ENGINEH
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MINNEAPOLIS

Cedar Standard
Motor-Tachs give you

TOP QUALITY
FAST DELIVERY
REAL ECONOMY

Nine out of ten of our size 8 or 10 motor-
tachometers use identical housings, stacks, shaft
and rotor assemblies, tuning plugs and bearings.

And yet, they still meet a wide variety of our
customers’ specifications. For, each unit has a
different wihding and pinion. Each unit per-
formsin a different way —any way you prescribe.
You still set the parameters. You still get the
torque, speed, input voltages, pinions, tacho-
meter gradients and other parameters you want.

What does this mean to you?

Standardization permits large volume manu-
facture . . . allows more intensive engineering
and testing . . . and provides an on-hand inven-
tory for immediate use.

This standard hardware approach has made
Cedar the nation’s largest manufacturer of size
8 and 10 motor-tachometers. We can deliver
prototypes of standard size 8 or 10 motor-
tachs in two weeks. Let’s talk about it. Call or
write Cedar today.

GEDAR

ENGINEERING DIVISION
CORPORATION

5806 West 36th Street, Minneapolis, Minn. 55416
Phone (612) 929-1681
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use low cost
Birtcher PCB-TAINERS®
and racks to solve ,
your printed circuit board

There are sizes and styles of
Birtcher PCB-TAINERS to solve
every printed circuit board reten-
tion problem. Simple installation.
Provides excellent retention under
severe shock and vibration and an
excellent ground and thermal path.
Made from steel or beryllium cop-
er in choice of MIL Spec finishes.

r let Birtcher build the entire
assembly. You'll be pleasantly
surprised by the low cost and
fast delivery.

Available from authorized

distributors coast-to-coast

A big new catalog is
available now —write

the BIRTCHER
CORPORATION
INDUSTRIAL DIVISION
745 Monterey Pass Road
Monterey Park, California 91754
Mailing Address:

P.0. Box D, Monterey Park, California 91754
Tel: (213) 268-8584 - TWX 910-321-3076

240

Circle 316 on reader service card

Meetings

(Continued from p. 16)

Short Courses

Contemporary filter design seminar,
University of Missouri, Columbia, Mo.,
June 17-19; $200 fee.

Computer-aided circuit design, George
Washington University’s School of
Engineering and Applied Science,
Washington, June 17-21; $300 fee.

Communications systems, George
Washington University’s School of
Engineering and Applied Science,

Washington, June 17-21; $250 fee.

System effectiveness, George Washing-
ton University’s School of Engineering
and Applied Science, Washington,
June 17-21; $250 fee.

Radiometry-measurement and calibra-
tion, University of Michigan, Ann Ar-
bor, June 17-21; $200 fee.

Optimization techniques and engineer-
ing applications, Cornell University,
Ithaca, N.Y., June 17-21; $200 fee.

Technical communications, Cornell
University, Ithaca, N.Y., June 17-21;
$200 fee.

Foundations of information systems
engineering, University of Michigan,
Ann Arbor, June 17-28; $200 fee.

Computer graphics for designers, Uni-
versity of Michigan, Ann Arbor, June
17-28; $400 fee.

Fabrication and design, University of
Arizona, Tucson, June 17-28; $450
fee.

Electromagnetic propagation, Univer-
sity of Colorado’s Department of Elec-
trical Engineering, Boulder, June 17-
July 13; $300 fee.

Surges in transformers and rotating
machines, University of Colorado’s Col-
lege of Engineering, Boulder, June 24-
28; $200 fee.

Computer-oriented techniques for engi-
neering analysis and design, North-
western University’'s Department of
Electrical Engineering, Evanston, lll.,
June 24-July 3; $300 fee.

Principles of color technology, Rensse-
laer Polytechnic Institute, Troy, N.Y.,
July 8-12; $225 fee.

Probability and random processes for

engineers and scientists, University of
Michigan, Ann Arbor, July 8-19; $325

fee.

Fundamentals of semiconductors, Uni-
versity of Colorado’s College of Engi-
neering, Boulder, July 15-19; $200
fee.

Magnetic thin films, University of Cali-
fornia, Los Angeles, July 15-20; $275
fee.

Communications systems, University
of California, Los Angeles, July 15-26;
$375 fee.

Engineering and physiologically aspects
of man-machine systems, University

of California, Los Angeles, July 15-26;
$375 fee.

Logical design of electronic switching
systems, Cornell University, Ithaca,
N.Y., July 16-26; $350 fee.

Applied topics in computer technology,
Ohio State University, Columbus, July
17-26; $275 fee.

Built-in test equipment for the mainte-
nance of complex electronics systems,
New York University's School of Engi-
neering and Science, New York, July
22-26; $245 fee.

Basic communications theory, Univer-
sity of Colorado’s College of Engineer-
ing, Boulder, July 22-26; $200 fee.

Logic systems, University of Colorado’s
College of Engineering, Boulder, July
22-26; $200 fee.

Topics in military operations research,
University of Michigan, Ann Arbor,
July 22-Aug. 2; $325 fee.

Introduction to optical data processing,
University of Michigan, Ann Arbor,
July 22-Aug. 2; $325 fee.

Principles of imaging radars, Univer-
sity of Michigan, Ann Arbor, July 22-
Aug. 2; $325 fee.

Computer methods of network analy-
sis, University of California, Los An-
geles, July 22-Aug. 2; $375 fee.

Engineering and space applications of
magnetohydrodynamics, University of
California, Los Angeles, July 22-Aug. 2;
$375 fee.

Guidance and control of missiles, air-
craft, helicopters, and space vehicles,
University of California, Los Angeles,
July 22-Aug. 2; $375 fee.

Solid-state electronics, Ohio State Uni-
versity, Columbus, July 29-Aug. 9;
$300 fee.
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® EMPLOYMENT Instrumentation System Design Engineers
0PPORTUN]T[ES Advance your career with challenging work

assignments on advanced Aerospace programs.

SEND NEW ADS TO: Successful applicants should be qualified as follows:

Electronic Engineers

i rtising Div. Degree and a minimum of 3 years experience in one or more of the following:
Classified Advert g ® Transistor circuit design (Analog and Digital). Experience with I1C’s desirable

e Digital logic design with hardware and systems experience

e Digital computer techniques with hardware and software experience for ground
P.O. Box 12’ N‘Y" N.Y. 10036 and/or airborne applications

Electrical Engineers
B.S. or equivalent with a minimum of 3 years experience integrating telemetry, digital
and analog tape recorders and other instrumentation equipment and systems into
spacecraft and aircraft vehicles.

INSTRUMENT Measurement Engineers
TECHN'CIANS B.S. in M.E., A.E., C.E. or Physics or equivalent with a minimum of 3 years experience
in transducer applications, and measurements of loads and strains in support of flight
Minin:ur? high scfhloolI education and four and ground testing of aircraft.
ears’ of industrial electronic experience. Say .
nstalls and maintains numerical control Data Acqulsﬂ:lon Engineers
equipment process control instrumenta- B.S. in E.E. or Physics or equivalent with a minimum of 2 years experience in the
tion systems and devices. Inspects, alters, selection, setup and check out of transducers and analog or digital recorders.
fabricates, troubleshoots, repairs, and %
maintains complex equipment and serv- Mechanical Engineers
reea. . , B.S. or equivalent with a minimum of 3 years experience in structural design, and in-
These openings are in a large, modern strumentation equipment integration in spacecraft and aircraft vehicles. Degree with

complex facility. Located in Oak Ridge, a minimum of 2 years experience in one or more of the following:

:’:;ig:?see, heart of the Tennessee Valley . Hight céen.sity_ packaging for'Aeros;:‘aqe ap;)lications (welded cordwood assemblies,
Ralaeation Expénses—Excellent Emploves " g{mu?atg;cmtry, encapsulation techniques
Benefits ® Test Equipment

U. S. Citizenship Required

Send Complete Resume to: SALA RY To $15,ooo

Empl. Offi . . .
s 5 in accordance with background and experience

T i diate int i ith leadi t lit. N York
UNION CARBIDE CORPORATION e o ek T pelle ek Yerk aarospse
Nuclear Division P.O. Box 12, New York, N. Y. 10036

P.O. Box M Oak Ridge, Tennessee 37830
An Equal Opportunity Employer F/M

An Equal Opportunity Employer, M/F

CIRCLE 966 ON READER SERVICE CARD CIRCLE 968 ON READER SERVICE CARD
XFMR. ENGINEER .
Min. 3 yrs design exp. electronic trans- The Scientists and E.ngmeer‘s CIRCUIT DESIGN
formers. Top salary, profit sharing & pen- served by Corcoran in the ENG’NEERS
sion. Replies treated in confidence. last year have found the liamnorhEle;-.tr?nigs Cloulnimn_v. subsidiary of Htii.rl;
. /€] al, king f t
MICROTRAN difference between i;fé’lf‘in HE'"?“F‘ m§i?1%s°fanﬁg§§%§ré§ﬂﬁnﬁﬁ"d£§m
(516) 561-6050  Valley Stream, N.Y. 11582 “a job” and “the job.” instriments. * Familiar with &hﬁg‘éﬁf&"‘é‘%"ﬁé‘é
energy nuclear physics instrumentation and com-
ati side. Fee paid. ter interfacing. Will ass ibility for
CIRCLE 967 ON READER SERVICE CARD : pr\ll;::](ml\,l,i;,ﬁ,(”'ﬁ 1’1r(l)und < erxmg;ar;rg;lngox:éem thr:\;;gnll)?lgtesrr:s y for
S : SRR & Please send your resume in confidence to:
. bard
® JOSEPH P. CORCORAN s
What lS Personnel Consultants HA.R.S.HAW CHEM.ICAI' co.
¢ Division of Kewanee Oil Company
our 505 B Germantown Pike 1945 E. 97th St., Cleveland, Ohio 44106
Lafayette Hill, Pa. 19444 & An Equal Opportunity Employer
Member IEEE
CIRCLE 970 ON READER SERVICE CARD CIRCLE 969 ON READER SERVICE CARD

problem?

Competent men for _your SYSTEMS INTEGRATION

staff? . . . employment? . . .

or are you looking for—or of- ENGINEER

fering—a business opportu- _

nity of special interest to (Flight Development)

readers of this publication? Opportunity for career growth at large Aerospace Company in New York City

. . suburbs available to individual with a B.S.E.E. or equivalent, and a minimum

You can get their attention— of 3 years experience in Systems Integration. Successful applicant will work

through an advertisement in in areas of airbcrne weapons system development, evaluation, and demon-
g A £ stration of the following systems: Radar, IR, ECM, A-D Converters, Computer

the Employment Section o Data Processing, Data Links, Communications, Navigation Systems and

Electronics. Missile Systems.

Send New Ads to: SALARY to 3159000

Commensurate with education and experience

TR Arrange an immediate interview by sending comprehensive resume, which will be
ELEC ONICS held in strict confidence, to 1o S
i - , Electronics
Class Ady. Div., P. 0. Box 12, Classified Adv. Div., P. O. Box 12, New York, N. Y. 10036
N. Y., N. Y. 10036 An Equal Opportunity Employer, M/F
TS
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ELECTRICAL & ELECTRONIC ENGINEERS

'The harsh, forbidding undersea environment; a new world that poses as many problems for human
existence as an alien planet. To help explore and exploit it, we're looking for engineers to design and
interface the electrical and electronic building blocks for our submarines. Which means you'll be immersed
in the most complex life support systems in the world, as it draws upon developments in just about every
discipline from aerospace and biology to computer science and nuclear physics. = What's involved for you?
New departures in solid state low frequency circuitry. Servo mechanism and computer circuit design.
Military applications of digital computers. Design of low-voltage power plant systems and associated
shipboard equipment. Integration and test development of shipborne radio, radar, sonar and

ECM. Not to mention the management systems techniques that plan for their upkeep and performance

for decades to come. = If you're qualified in any of these areas,

let’s talk futures...and careers. Send a resume now to Mr. James P. O'Brien.

& GENERAL DYNAMICS
At EleCtrlc ’Boat 3 £ _Electric Boat D.ivision
you'll be throwing light === s

on a world without sun.




In electronics
it's Electronics
magazine

to sell used
equipment!

Your advertisement will produce
Results in Electronics. Engineers
turn to Electronics magazine for
the latest technical developments
— and for the latest buying
information. You can reach them
inexpensively in Electronics
Searchlight Section.

For information:

Searchlight Section

Classified Advertising Division
Post Office Box 12

New York 10036
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SEARCHLIGHT SEGTION

e CLASSIFIED ADVERTISING @ BUSINESS OPPORTUNITIES
e USED OR SURPLUS EQUIPMENT

360 degree azimuth, 210
degree elevation sweep
with better than 1 mil
accuracy. Missile velocity
acceleration and slewing
rates. Amplidyne and
servo control, Will handle
up to 20 ft. dish. Sup-
plied complete with con-
trol chassis, In stock—
immediate delivery. Used

NASA.

mounts also in stock.

PULSE MODULATORS

MIT MODEL 9 PULSER 1 MW—HARD TUBE

Output 25kv 40 amp., 30kv 40 amp. max. Duty cy .002.
.25 to £ microsec, Also 5 to 5 microsec. and .1 to .5
microsec. Uses 6C21. Input 115v 60 cycle AC. Mfg.
GE. Completa with driver and high volugo power
supply. Ref: MIT Rad. Lab. Series, Vol. 5, p. 152.
2 MEGAWATT PULSER
Output 30 kv at 70 amp. Duty cycle .001. Rep rates.
1 microsec 600 pps. 1 or 2 m 00 pps. Uses 5948
hydrogen thyratron. Input 120/208 VAC 60 cycle.
Mfr. GE. Complete with high voltage power supply.
250 KW HARD TUBE PULSER
Qutput 16 kv 16 amp. Duty cycle .002. Pulses can
be mdedA Us:amﬁbzl 715C or 4PR60A. Input 115 ¥
ea.
IB MEGAWATT PULSER
Output 150KV at 120 amps. lep rate: 50-500 PPS.
Pulse length: 5 msec. 15KV 120 amp. into pulse
transformer. Rise time 1.5 msec. Filament supply 5V
80 amp. incl, 17.5KV 1.5 amp DC power supply.
Input: 220V 60 cy AC.

INDICATOR CONSOLES
\\/SPA 4A, PPI 10”7, range to 300 mi,
Vi-1 PPI 12”. Range to 200 mi.
VL-1 RHI 127 to 200 mi. 60K ft.

IBM 704 IBM 650

These computers In stock
for Immediate dellvery

SCR 584 AUTOTRACK RADARS

Our 584s in like new condition, ready to go, and in
stock for immediate delivery. Ideal for telemetry re-
search and development missile tracking, satellite
tracking. Fully D MIT Rad. Lab. Series. Vol. 1.
pps. 207-210, 220 '984-286. Comp. Inst. Bk avall-
:bla $25.00 each,

-
AUTOTRACK ANTENNA MOUNT

SONAR SYSTEMS IN STOCK

AN/FQS-1A, AN/UQS-1B, QHBa scanning sonars.
Rochelle salt hydrophones 6 ft. $150 ea.

MICROWAVE SYSTEMS

L BAND RF PKG.

20 KW peak 990 to 1040 MC. e width .7 to 1.2
micro sec. Rep. rate 180 to 420 pps. Input 115 vac
incl. Receiver $1200

200-225 mc RADAR SYSTEM

1 Megawatt output. 200 nautical mile range for long
range detection of medium and high altitude jet air-
craft as well as general search. AN/TPS-28.
SURVEILLANCE DRONE RADAR SYSTEM
X-Band tracking system with piotting boards. Type
AN/MPQ-29. Drone also in stock.

5 MEGAWATT C-BAND

Klystron RF package delivering nominal 5 megawatt
pulse RF. Complete with pulser and power supply.
500 KW L BAND RADAR

500 kw 1220-1359 mse. 160 nautical mile search
range P.P.I. and A scopes. MTI. thyratron mod 5J26
magnetron. Complete system.

100 KW X BAND RADAR

Complete 100 kw output airborne system with AMTI.
5C22 thyr. mod. 4J52 magnetron. PPI, 360 deg as
sweep, 60 deg. elev. sweep. gyro stabilizer, hi-gain
revr Complete with all plues and rables

AN/GPG-1 SKY-

SWEEP TRACKER
3 cm. automatic track-
radar Com-

tracking.
115 volts 60 cyolo
In stock for im-
usledutedellvery Entire

D.
500KW S BAND RADAR
250 miles search 115V 60 cy AC. Mfg. G.EL

RADAR SYSTEMS GROUND AND AIRBORNE. AUTOMATIC
TRACKING ANTENNA SYSTEMS. NIKE AJAX. NIKE HER-
CULES. M-33. MSQ-1A. MPS-19. MPS-9. SCR 584. TPS-1D
TPS-28. FAA-ASR-2. AIRBORNE SYSTEMS. APN-84. APN-102
APS-20. APS-27. APS-45. DPN-19. DIGITAL COMPUTERS
IBM 650. IBM 704

LARGEST INVENTORY OF RADAR AND
MICROWAVE EQUIPMENT IN THE WORLD
RADIO RESEARCH INSTRUMENT CO.

45 WEST 45TH ST. N. Y. 10036 212-JU 6-4691

\'/ 0 LTSENSOR
VOLTAGE SENSITIVE RELAY DRIVER
e 100 K Input Impedance
0 25 Microsecond Response
/=20 Volt Trip Range
38 ea., $26.60 at 100 pes.
o Aceurac¥ 0.01 (
Send today for full specifcahons
'CALIF. ELECTRONIC MFG.

0.
P.O. Box 555, Alamo, Calif. 94507
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——| ELECTRON TUBES |—

KLYSTRONS @ ATR & TR ©¢ MAGNETRONS
SUBMINIATURES e C.R.T. ® T.W.T. e 5000~
6000 SERIES
e SEND FOR NEW CATALOG A2 e

A & A ELECTRONICS CORP.

CIRCLE 974 ON READER SERVICE CARD

We manufacture

SPECIAL PURPOSE
CATHODE RAY TUBES

Send us your requirements.

MAJOR ELECTRONICS, INC.
14745-A  Keswick St.
Van Nuys, Calif. 91405
(213) 873-6061

CIRCLE 980 ON READER SERVICE CARD

If there is anything you want
that other readers can supply

OR . . . something you don’t want—
that other readers can use—

Advertise it in the
SEARCHLIGHT SECTION

CIRCLE 975 ON READER SERVICE CARD

Somebody—
Somewbere,

needs your idle equipment!
Reach that buyer quickly and
economically thru the

“‘SEARCHLIGHT
SECTION”

The meeting place of Used
Equipment Buyers and Sellers
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‘microwave problem?

7

‘talk to Andrew....the antenna systems specialist

Andrew microwave antenna systems are hard at
work all over the world. Fixed, portable, and mobile
installations, designed by Andrew, can be found
wherever communications engineers demand the
utmost in performance and reliability. = This new
transportable 7 GHz system is a good case in
point: used in a quick reaction microwave link, the
unit packs broadband communications capability
into a compact package. A 100 ft. aluminum tele-
scoping mast pneumatically raises the 6 foot
antenna, guy wires, and dual axis positioner in

244 Circle 244 on reader service card

less than 60 minutes. The flexible HELIAX® ellip-
tical waveguide feeder goes up simultaneously,
and the jacket includes control cables for the
positioner. An automatic dehydrator-compressor,
1% ton trailer, and AC power supply complete the
package—all from Andrew. One source—one re-
sponsibility. ® Have a microwave antenna system
problem? Bring it to Andrew, most people do!
Andrew Corporation, P.O. Box 42807, Chicago,
lllinois 60642.
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Fairchild may quit
Italian venture

Britain to build
small satellites

Czechs may shift
to PAL color tv

NATO may be stuck
with concerted bid
on ground stations

Electronics | June 10, 1968

Newsletter from Abroad

June 10, 1968

Fairchild Camera & Instrument Corp., long at odds with its two European
partners in SGS-Fairchild, may pull out of the Italian concern.

The partners—Roberto Olivetti of the office-machine family and Virgilio
Floriani, chief owner of the communications-equipment company Telettra
—have decided to double capitalization despite Fairchild’s objections.
This move, following a series of squabbles over integrated-circuit product
lines for European markets, could cause Fairchild to sell its one-third
holding in SGS-Fairchild. Fairchild officials won’t discuss the matter, but
it's known that they’re currently tightening up—rather than expanding—
their operations.

British aerospace companies, deflated last month by the Wilson govern-
ment’s decision to pull out of two key international space programs, now
see some chance of staying in the satellite business.

Their hopes are pegged on a government order to the British Aircraft
Corp. for a quartet of 160-pound experimental satellites intended to
“maintain Britain’s capability in satellite technology.” Aerospace industry
men think the order makes sense only if the government expects to
eventually build operational satellites.

The four satellites, called X-3’s, will be used to check out a solar cell
under development at Ferranti Ltd., an experimental pulse-code-modula-
tion telemetry system, a power control system, and thermally sensitive
paint finishes. The program calls for a 1971 launch of at least one of the
experimental spacecraft, using a British Black Arrow rocket. Later, the
government may underwrite a larger satellite to test an ion propulsion
engine under development at the Royal Aircraft Establishment.

Czech officials apparently plan to take their country out of the French-
Soviet Secam (sequential and memory) color-television camp.

Signs that a shift is in the works have started to pop up in the govern-
ment-controlled press. The official wire service has carried stories telling
how engineers at the Prague broadcasting institute unanimously prefer
the West German PAL (phase-alternation-line) system. A Prague daily
recently called Secam uneconomical and promised to keep readers posted
on the “revision” of the earlier decision to follow the lead of the Soviet
Union and adopt the French system.

East Europe watchers in Vienna say the move stems only partly from
the new Czech government’s effort to loosen its ties with the Soviet Union.
As PAL broadcasters, the Czechs would bolster their chances of becoming
the leaders in conversion of programs transmitted between East and
West Europe. Prague and Vienna are now vying for this role.

It looks as if the North Atlantic Treaty Organization could get only one
bid on a contract to build the 13 ground stations planned for its com-
munications satellite network. Practically all the companies that can be
tapped for the job have formed a consortium and have offered to build
the stations for $30 million.

The consortium—called Eurocan—is made up of Siemens AG and AEG-
Telefunken of West Germany, Philips” Gloeilampenfabrieken of the Neth-
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Japan mulls national
closed-circuit tv net

U.K. computer firm
plans sales push
in East Europe

Plessey cracks
IC market in U.S.

Newsletter from Abroad

erlands, the Marconi Co. of Britain, RCA Victor Ltd. of Canada, and a
Rome-based group of electronics companies called Sistemi di Telecom-
municazioni via Satelliti S.p.A.

This lineup leaves NATO with few options. Britain’s General Electric
Co., which now controls Associated Electrical Industries, is about the
only other possibility. But the firm would be hard put to find Continental
partners on a level with the Eurocan group. Under the financing arrange-
ments worked out for the network, contracts must be awarded on the
basis of NATO members’ contributions to the program’s costs.

U. S. companies are effectively out of the running for the ground-station
work. Philco-Ford already has the contract for the satellite itself, and
that takes care of the U. 8. share.

The Nippon Telegraph & Telephone Public Corp., Japan’s government-
affiliated communications carrier, is considering setting up a national
closed-circuit television system.

NTT has successfully used a combination of 18-gigahertz microwave
links and telephone lines for test transmissions; it has also turned up some
interesting prospective customers. Among them: racetrack operators who
want to transmit post parades to off-track betting outlets.

NTT will have to do more experimental work before it can fix the
characteristics of the system and the rates it will charge. But the company
apparently expects to hold fees for closed-circuit service to a fraction of
the regular rates for broadcast-quality tv lines.

NTT will report on the equipment at the International Communications
Conference in Philadelphia later this week.

Look for a strong sales drive in Soviet-bloc countries by International
Computers Ltd., the British giant formed by the merger of International
Computers & Tabulators and the computer operations of English Electric
and Plessey.

International will have the East European operations of English
Electric and ICT stitched together by next month, with full-time sales
squads operating in Moscow, Prague, Belgrade, Warsaw, and Sofia. Their
goal: capture half or more of the estimated $35 million market for com-
puters among the Soviet satellites. This figure, which doesn’t include
sales to Russia, would run much higher if the East Europeans had more
foreign exchange, say British marketing men.

The sales drive should put the firm well ahead of U.S. computer com-
panies in East European markets. International delivered a third-genera-
tion computer—the first integrated-circuit machine to reach East Europe
—to Czechoslovakia late last month. Because of the stiff U.S. embargo on
strategic exports to the area, U.S. companies so far can offer only slow
second-generation equipment to Soviet-bloc countries.

The Plessey Co. has broken into the U.S. integrated-circuit market with
the sale of $25,000 worth of logarithmic amplifiers to the Hazeltine Corp.

The British concern has even more ambitious plans to sell IC’s in the
U.S., but it won’t have its marketing tactics fully worked out until the fall.
Meanwhile, the company will try to flush out more U.S. customers for
custom-made circuits originally developed for the British market. On
these, Plessey can usually undersell U.S. producers.
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How Sel-Rex can help you
increase the productivity
of your precious metal
electroplating...



The relation of precious metal

...and the advantages to you of the Sel-Rex

When a precious metal process 1s developed,
it has a certain capability. Just using
it doesn’t give you full capability.

Far from 1t.

Precious metal plating 1s a
combination of chemistry, craft, and
skill (that of your people and ours).

When this combination is functioning
properly, 1t can build productivity
and a quality reputation.

When 1t 1s 7ot functioning properly,
it can cause failure to meet specs
and result 1n loss of production.

On the next page, we present a brief
summary of the five principal factors that
comprise the Sel-Rex “total approach”
—the one way that can get you closest

to the pinnacle of zero defects.



plating to high reliability

‘total approach” to your problems

Processes.

Sel-Rex processes are used by more companies than any other
precious metal processes in the world. There must be a reason why
Sel-Rex leads the field. Do you have our latest “Guide to

Precious Metal Electroplating Processes”? Write for a copy.

It’s packed with useful information.

N Equipment.

5 - It If you’ve gone as far as you can

= } with process or procedure, don’t

& overlook the possibility that

your operation may benefit from

equipment designed to dramatically

improve productivity. Our Meaker subsidiary produces packaged equipment
embracing Module-X, * the finest of manual equipment; Tabl-Top,*

for volume production plus precision plating; and Module-Matic,* for
unusual flexibility through variable programming,.

Technical service.

If you're not getting the results you believe you should
from your precious metal electroplating processes,

our technical service can be a big help. We stress preventive
maintenance to avoid problems and will be glad to set up

a program with a new user. The main benefit of our technical
service is this: we know our processes and equipment

in a way no one else can, and can help you

use them under optimum circumstances.

Research.

We back up our customers with the resources of our analytical
laboratories, R&D on product improvement, and modification of
existing processes to meet specific customer requirements.

Sel-Rex was first with bright gold, acid gold, and non-cyanide gold
processes. Why not take full advantage of this leadership

and these capabilities now?

Recovery.

We can help you survey the flow of precious metals

in your plant. You want to achieve maximum

accountability; we want you to use gold, not lose it.

Send for a copy of our schedule of recovery

charges which tells you how to estimate your return on

precious metal scrap. Only Sel-Rex

publishes such a schedule. *TM of Sel-Rex Corporation
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cant get away

S TOor
evening classes?

here’s a practical way
to avoid
technical obsolescence

Are irregular hours, travel and family =~ Communications Engineering, your own schedule. Free book gives
obligations keeping you from Aeronautical and Navigational, complete information and details of
attending classes—even though you Television Engineering, technical material covered. For your
worry about becoming technically Automatic Control Engineering, copy, mail coupon below or write :
obsolescent ? Check into the Special Missile and Spacecraft Guidance, = CREI, Home Study Division,
Programs in Electronics for Radarand Sonar Engineering, McGraw-Hill Book Company,
Engineers developed by CREI, the Nuclear Instrumentation and Dept. 1824G, 3224 Sixteenth St.,
Home Study Division of the Control, Computers. N.W., Washington, D.C. 20010.
McGraw-Hill Book Company. Industry-recognized CREI A
These are not simply courses, Programs make it possible for you
but comprehensive programs in to catch up on new developments UREI
advanced electronics offering major  in electronics through study in your
electives in such fields as : own home, at your own pace,
Accredited Member of the National Home Study Council
R ENCINEERS
= CREI, Home Study Division, McGraw-Hill Book Company
Dept. 1824G, 3224 Sixteenth St., N.W.
% 3 Washington, D.C. 20010
f 6 Send me free brochure describing CREI Programs in Electronics for Engineers.
N NAME AGE
ADDRESS
i e ,AI_ cITY STATE ZIP CODE
COMPANY
TITLE
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GE's 1-amp D28D
transistor—try

this one for low-cost
control circuits

This  reliable 1l-amp
medium-power transistor
offers economy for con-
sumer and industrial ap-

plications. Including:
audio output circuits,
solenoid and small

motor controls, switch-
ing, high-power transis-
tor drivers and other sys-
tems.

'\ ACTUAL SIZE
A D28D

Price? In the 30-cent
range. And, it's NPN,
planar, epitaxial, passi-
vated in the proved low-
cost GE C106 power tab
package.

GE's D28D is capable
of 4 watts power dissipa-
tion at 70C case; l-amp
continuous and 1.5-amp
peak collector current
. . . voltage selections
from 30 to 75Vc:o.

It features excellent
linearity, low saturation
voltage and fast switch-
ing with an 8mHz F;
typical. Class B audio
output can go to 10
watts. Leads are form-
able to TO-5 configura-
tion. Interested? Circle
Number 231.

Fused Quartz,

Fused Silica meet
the unusual in
application probiems

Highest purity General
Electric Fused Quartz is
being applied in crystal
pulling, zone refining,
semiconductor diffusion
and research labware.

Many new and varied
electronic applications
are continuously being
developed.

General Electric Type

Fused
Quartz

8
T
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g
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Transmittance Curve—151
Fused Silica for 1cm
thickness*

151 Fused Silica, for crit-
ical optical jobs, is a
schlieren grade material
offering highest ultra-
violet transmission.

It’s the newest and
highest quality optical
material within GE’s nu-
merous grades.

Type 151 is ideal for
use in laser optics, ab-
sorption cells, specto-
photometer optical ele-
ments and schlieren
photography.

For technical data and
application assistance,
Circle Number 232.

# Excluding surface reflection
losses

Here’s reliable
indication, monitoring
and control—at

low cost
Proved design of GE
meter relays is better
three ways:

e New contactless
control action — solid-
state, light sensitive
switch means exception-
al control simplicity, re-
liability.

e “Piggyback” control
module — plug-in design

D-€ MIGBAMPERES

412" HORIZON LINE®
meter relay

assures time-saving in-
stallation.

e Choice of styles —
easy-reading BIG LOOK®
or low-profile HORIZON
LINE® meter relays.

Variety of GE meter
relay functions includes
energizing an alarm;
close differential relay-
ing; controlling tempera-
ture, power, speed and
frequency.

Applications are vir-
tually unlimited — from
critical monitoring in
hospital intensive-care
units to deep-well drill-
ing control.

GE meter relays cost
less than any other com-
parable instruments . . .
makes GE your best
meter relay bargain.

New publication has
ratings, dimensions, or-
dering and pricing data
on all GE meter relays
and other panel instru-
ments. For free copy,
Circle Number 233.

New reduced-cost
thermistors

for temperature
sensing uses

New Economy Package
1H-Series units are ideal
for volume printed cir-
cuit board application.

These new GE thermis-
tors cover a specific re-
sistance range from 18K
ohms to 56K ohms. They
operate at temperatures
to 275C.

Dimensions are 0.150”

long, 0.070” diameter;
1.125” gold-plated Dumet
leads may be welded or
soldered . . . ideal for
PCB's.

TYPICAL CHARACTERISTICS
—1H Thermistors

Resistance
Ratio;

R25°C
Rt TS
Dissipation milliwatts| 2
Constant (6); °C
Thermal Time Con- 8
stant (7); (sec.)
Maximum Operating
Temperature; (°C)
The units offer new
opportunities in appli-

29.85

275

ance, heating system,
motor, fan and textile
controls.

Authorized distributors
now have Economy Pack-
age 1H-Series thermis-
tors with resistance tol-
erance of =+10%. Other
tolerances available are:
+5%; +=20%; and =30%.

Prices drop when units
are bought in OEM
quantities. Order your
copy of price and data
sheets. Circle Number
234.

COMPONENT CAPSULES

GE cooling fan
assemblies meet
reliability demands
of computers

GE cooling fan assem-
blies offer many years
continuous duty, without
maintenance.

The fans feature all-
angle operation and effi-
cient air flow.

Twosizes are available.

Small 90 and 100 CFM
blowers have GE KSB33-
Frame Unitized® motors.

500 CFM

100 CFM
unit

These units fit openings
less than 434" square.

Near perfect bearing
bores, accurate shaft-
bearing alignment and
special metered oil bear-
ings provide hydrody-
namic oil film lubrica-
tion eliminates
metal-to-metal contact
at operating speeds.

GE's larger fan assem-
bly, the 500 CFM, mounts
on a 9.7” diameter bolt
circle through holes in
its anodized aluminum
venturi face. A sturdy
grill serves as motor
support.

Long life of the 500
CFM is enhanced by its
GE KSPl1l-Frame unit-

bearing shaded-pole
motor.
Many variations in

specifications are avail-
able for both sizes of
GE fan assemblies. Cir-
cle Number 235.



Application flexibility
combines with

low cost in this
4-ampere SCR

General Electric's time-
proved C106 planar, pas-
sivated SCR is ideal for
gas ignitions, motor con-
trol, sequential light sys-
tems, malfunction sen-
sing, appliance control
and other uses.

C106 price is low: in
the 35-cent range. And,
it's always a reliable

performer.

Now the RMS rating
has been extended to 4
amps; peak- current in-
creased to 75 amps and
surge current to 20 amps
—at no increase in cost!
It takes only 200.A/0.8V
max signal to control 4
amperes or a current
gain of 20,000.

Several lead configu-
rations allow mounting
versatility. Voltage rat-
ings are available to
300V . . . soon to 400 V.
Circle Number 236.

Want versatility?
Check these
new snap-acting
limit switches

Small. Durable. Precise.
With maximum  flexi-
bility! These limit
switches are built to a
designer's needs.

The CR115JA is rated
to 600 volts a-c; 6 am-
peres break. Contacts are
SPDT. Size is only 1”
high x '%,” wide x 1%,
long. Terminals are

CR115JA

screw type or push on.
A variety of operators is
available.

Applications include
electrical interlocks,
pilot signals, computers,
vending machines, light
material handling sys-
tems and industrial de-
vices.

The CR115JB is GE's

smallest limit switch,
only 38" high x '%,” wide
x 134" long.

It's rated to 600 volts
a-c; 3 amperes break.
Contact form is SPDT.
Terminals are screw or
combination push-on
solder. A variety of oper-
ators is available.

Applications include
electrical circuit inter-
locking, small appli-
ances, business ma-
chines, process and
packaging  machinery.
Circle Number 237 for
details.

How about this
for reed switch
contact stability!

1IN
15
g ﬂmmm
&os

MILLIORS OF OPERATIONS

Excellent contact resist-
ance stability is just one
feature of the new GE
DR138 Form C (single-

pole, double-throw) reed
switch. .

Contact . rating is 5
watts (50V at 100 mA)
d-c resistive. Expected
life: 20 million opera-
tions (tested at full load,
50 volts d-c, 0.1 amp, 20
opns/sec). Initial con-
tact resistance limit: 100
milliohms.

The new DRI138 reed
switch is suited for reed-
relay and communica-
tion jobs in commercial,
industrial, or military
markets. For all the
facts, Circle Number238.

New 4-pole
latching model
joins 150-grid
sealed-relay family

Introducing the smallest
4-pole latching relay on
the market: GE's Type
3SBM.

This new sealed relay
is only 0.32” high, 0.31”
wide, and 0.61” long.

Don't let the small-
ness fool you. This re-
lay’s big on performance.
Its contact rating is 2

New data modems
let you meet

almost any digital
communications need

General Electric offers a
complete line of digital
data modems.

It's the new DigiNet
Series, capable of han-
dling your digital data
requirements at speeds
from 60 bits to 250,000
bits per second.

Twenty-two  separate
models are available.

ACTUAL SIZE

amps. And, it meets or
exceeds MIL SPEC en-
vironmental and electri-
cal requirements.

Radiation . hardening
and all-welded construc-
tion enhance reliability
of the Type 3SBM.

Like other GE 150-grid
relays, the 4-pole latch-
ing form may be selected
with a variety of options.
You have a choice of
coil ratings for a wide
range of system voltages,
plus popular - mounting
forms and header types.

For the full story,
Circle Number 239.

Desk-top Cabinet

You can specify them in
EIA  standard rack
mounts, stylish desk-top
cabinets, or even CCITT
Standard “shallow-
depth” racks.

DigiNet units feature
high MTBF and excep-
tionally wide environ-
mental specifications.

GE DigiNet modems
and standard plug-in
modules can be easily
integrated into  your
equipment and systems.
Find out how. Circle
Number 240.

FOR THE NEW IDEAS IN ELECTRONICS, look to General Electric
—your best single source for electronic components.

ELECTRONIC COMPONENTS SALES OPERATION

GENERAL ELECTRIC

285-40




RELAYS?

THINK MAGNECRAFT!

(that’s all we think about, exclusively)

e et R
S MAGNECRAFT
We specialize in relays. Not only dry reed and mercury-wetted STOCK RELAYS

relays, but a full line of quality, long lasting relays. There are ) T s Yo G Ry 00

Magnecraft general purpose, telephone type, time delay and

power relays, as well as coaxial relays for UHF switching. s ’q,;

All Magnecraft relays are built to provide reliable performance SATMLOC'249 4

in any application. And to insure this reliability, our demanding =l s

quality control system puts every part and assembly through re-

peated inspections before any shipment leaves our plant.

Everyone at Magnecraft concentrates on relays to provide you FREE! Product File —

with quality products, quickly delivered and at competitive cost S0l Fotun Fscind.
q N 9 - ¥ j P 5 C 3% Contains full details on

That’s because all we think about is relays! Just ask our wives! all our stock relays.

®
Magnecraf’t ELECTRIC COMPANY

5575 NORTH LYNCH AVENUE ¢ CHICAGO, ILLINOIS 60630 « 312 « 282-5500
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Clearing the dishes

For all its merits, the Cassegrain
antenna is plagued by an Achilles
heel—its subreflector. Spotted on
the axis of the main dish, the sub-
reflector and its supports block
part of the antenna’s aperture and
thus impair antenna efficiency. At
the same time, radiation scattered
from the subreflector into the main
beam path adds to the noise that
masks signals.

For large antennas, these draw-
backs are merely a nuisance. But
they’re close to intolerable with
dishes less than 30 feet or so in
diameter. One obvious solution is
to somehow get the subreflector
and its supports off the axis. An-
tenna designers have been talking
about “offset” Cassegrain layouts
for some time, but the first attempt
to build one is just about to start
in England at Birmingham Univer-
sity.

Experimental. The Birmingham
antenna, which should be opera-
tional in about a year, pairs a 20-
foot dish with an offset subreflec-
tor. The university’s electronics de-
partment will use it for research in
space radio communications and
for propagation experiments down
to millimeter wavelengths. The
first experiments will involve
bouncing X-band (5.2 to 10.9 giga-
hertz) signals off the moon. Later,
the Birmingham researchers will
check out feed performance and
polarization problems with the
offset subreflector.

Husband & Co., the engineering
firm that designed the famed radio
telescopes at Jodrell Bank, will
build the Birmingham antenna.
Husband’s designers say the offset
layout will make the antenna suit-
able for frequencies up to 40 Ghz.
Because there is no blocking by
the subreflector and its supports,
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only surface error losses cut down
the gain theoretically available
from the main dish. With winds
gusting to 40 miles an hour, the
surface losses will run about 2% at
40 Ghz and 0.1% at 10 Ghz. In
still air, of course, the losses will
be somewhat lower.

Strong arm. Husband will build
the main dish of 10-gauge mild
steel panels bolted to a steel sup-
port. The design calls for a steel
spine 6 feet wide extending across
the underside of the dish. A pillar
at one end of the spine will carry
the subreflector support arm.

The subreflector, a full 5% feet
in diameter, shares the arm with
a swan-neck feed. The swan neck
can be positioned over the main
dish—and the subreflector swung
clear—whenever a front feed is de-
sired.

The dish and subreflector sup-
port are mounted at an angle on a
shaft inclined 47.5° from the
vertical. As the support shaft re-
volves, the elevation angle of the
dish varies from 5° below the hori-
zon to zenith. The subreflector
support is spotted on the circum-
ference of the main dish so that the
subreflector itself is on the low
side of the dish when the dish
points up and on the high side
when it points down. Since the
subreflector always points down-
ward, its spillover at transmission
is always directed away from the
ground. For the same reason, the
only energy that can get to the feed
horn during reception is radiation
coming from the sky. It adds up to
a double bonus in noise improve-
ment.

Round and round. To track in
azimuth, the dish structure, plus a
cabin housing the transmitter and
receiver, rotate around a pedestal.
Because of the tilted support shaft
for the dish, azimuth and elevation
movements affect one another, and
a computer will be used to figure
out tracking instructions.

Along with azimuth-elevation
compensation, the computer will
handle automatic tracking of satel-
lites and the like. Position inputs
will be derived by comparing
signal strengths along the bore-
sight axis and to one side of it.

Through the looking glasses

Designers of large computers long
have been irked by the high pro-
portion of main memory they have
to set aside for internal organiza-
tion and checking. And the fact
that some of the supervisory infor-
mation has to be kept in the in-
ternal ferrite-core store adds to
their discontent since they’re forced
to waste read-write memory on in-
formation that needs only to be
read.

This state of affairs won’t plague
engineers at International Com-
puters Ltd. when they get around
to designing the super computer
the company very likely will be
making in a few years. Interna-
tional Computers & Tabulators
Ltd., the company around which

It swings. Off-center layout for
subreflector betters noise
characteristics and gain of small
Cassegrain antenna.
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Kaleidoscopic. Tunnel of mirrors that
multiplies crt spot is basis of optical
read-only memory.

256

International Computers is being
formed [Electronics, April 1, p.
146], is well on the way to devel-
oping an optical read-only memory
that can store vast quantities of in-
formation and feed it quickly into
the computer with random access.
International Computers expects
to have an experimental model
ready in a few months, It will
be relatively small-some 65,000
words of 68 bits each.

On the spot. The scheme is
based on a tunnel of mirrors that,
much like a kaleidoscope, turns a
single light spot from a cathode-
ray tube at one end of the tunnel
into 69 spots at the other end. At
that point there’s a photographic
plate divided into 69 1-inch squares
—one for each spot. The spots each
hit the same location on their re-
spective squares—and there are
256 x 256 of these positions, or
more than 65,000.

In this way, ICT gets its 68 data
bits and one check bit per word.
The words themselves are deter-
mined by the 65,000-plus positions
that the master spot can take on
the cathode-ray tube—positions cor-
responding to the locations on the
squares upon which the reflected
spots are thrown. The binary 0 or
1 at each spot position on the plate
is set by leaving it clear or opaque.
A photomultiplier array behind the
plate reads out the information.

Checked. For readout, then, the
computer sends a word address
that drives the master spot to one
of its locations. To make sure the
spot goes where it should and stays
there, a digital servosystem checks
its position by two scales—one for
the x axis and one for the y axis,
each of which has 256 discrete
positions. Any difference between
actual and commanded positions
gives rise to an error signal.

ICT engineers concede that their
optical read-only memory will be
highly sensitive to changes in
alignment. But they’ve designed a
tetrahedral mount that takes care
of shocks and temperature effects.

As for the memory plate, the en-
gineers foresee little difficulty. Al-
though the spots are small, the re-
solution required can be obtained
with present photographic tech-
niques, they say.

France

Hard times

No matter how President de
Gaulle’s moves to save his regime
turn out, France’s electronics in-
dustry figures to take a beating for
months to come.

May has already been wiped off
the production calendar by the
wave of strikes that have followed
the student uprisings. Electronics
companies’ profit margins were
slim even before the country was
carried to the brink of revolution,
and the firms see these margins
disappearing as they prepare to
meet wage increases that can go as
high as 35%. What’s more, shorter
work weeks, earlier retirements,
and other benefits will further
boost production costs.

With output at a standstill but
costs continuing, it will be a rare
electronics company that shows
anything like a normal profit for
the year. Even more ominous for
the long term is the outlook for
companies that have had their
order books kept plump by de
Gaulle’s spending for planes, mis-
siles, satellites, and arms. These
projects will be slowed now that
de Gaulle is forced to deflate “pres-
tige” programs in order to bolster
domestic ones.

An allergy. Companies with
stakes in such nonmilitary pro-
grams as the Concorde supersonic
transport, the Plan-Calcul com-
puter effort—and even the Sym-
phonie communications satellite—
are worried more about delays than
outright cutbacks in programs.
“Public opinion is allergic to luxury
spending,” says the sales manager
of a small but profitable avionics
and instrument manufacturer. “The
public may consider the Force de
Frappe sheer luxury, but not the
computer program or the satel-
lites.” Few want France to drop
programs that have been touted
as buttressing the country’s econ-
omy in the future.

Even the strongest electronics
firms expect 1968 to be one of their
roughest years. The leader, Com-
pagnie Francaise Thomson Hous-
ton-Hotchkiss Brandt, expected to
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double or triple its profit this year
from the scant $1.6 million on sales
of $616.3 million in 1967. Like
nearly all electronics companies,
Thomson-Brandt had started the
year off swimmingly. Sales in
February rose 9% from February
1967. Now the company has fallen
behind its year-earlier total be-
cause of the lost May. “With vaca-
tions coming,” says a company
spokesman, ‘“there’s no way of
catching up this summer.”

Rising prices. Most French elec-
tronics firms are convinced they’ll
have to pass the rise in production
costs along to their customers.
“We can’t do anything else,” says
an official of the Fédération Na-
tionale des Industries Electroni-
ques.

What’s worse, the price rises are
coming at an unfortunate time—
just before the Common Market’s
internal tariffs are to end. Con-
sumer electronics companies, par-
ticularly, will lose a competitive
edge in their domestic market when
they will need it most.

For French electronics firms,
there’s little comfort in sight. Some
observers think that the new pres-
sures on profit margins will force
managements to modernize their
often-antiquated management tech-
niques and corporate structures.
But that’s scant consolation for
companies trying to recoup the
losses of the near-revolution in
May.

Japan

Fast count

To no one’s surprise, the late-May
Business Show at Tokyo’s Harumi
fairground attracted throngs of
people and a flock of electronic
desk calculators. Fourteen Japanese
companies had 34 models of cal-
culators up for sale. And there’ll
be more at the next show.

The desk-calculator industry is
snowballing. At the show, Brother
Industries Ltd.—a sewing-machine
maker—the Canon Camera Co., and
two watchmaking firms were lined
up with the 10 electronics compa-
nies that manufacture desk-top cal-
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culators. Three more electronics
concerns are planning to market
their first machines soon, and some
other precision-mechanics firms
may further swell the industry’s
ranks.

The reason for the widespread
itch to manufacture electronic cal-
culators isn’t hard to find. Some
2.6 million small calculators—

mostly mechanical—are sold each
year throughout the world, and the
Japanese intend to capture this
growing market with their elec-
tronic machines. They expect to

Taped. The first two Japanese IC desk
calculators with line printers were
marketed last month. Hayakawa
unveiled its Compet CS-50A (above)
and Hattori introduced the

other machine.

turn out some 200,000 electronic
calculators this year, more than
three times last year’s output. By
1970, the figure should climb to 500,
000 machines—nearly half of them
for export, principally to the U.S.

Pioneer. The Hayakawa Electric
Co. in July 1964 became the first
firm to market a solid-state cal-
culator in Japan. Hayakawa also
pioneered the integrated-circuit
calculator, which, because of its
potential low cost, poses the big-
gest threat to mechanical calcula-
tors. The firm’s first experimental
IC machine was built in late 1966.
Hayakawa now produces two kinds
of IC calculators, one with bipolar
circuits and the other with metal
oxide semiconductor circuits. And
on its way to a monthly production
capacity of 8,000 machines, the
company has maintained its top
spot in the industry.

All the Japanese producers have
followed Hayakawa’s technological
lead. Only one of the 14 desk-cal-
culator producers at the show had
only discrete-component machines
to offer. This was the Tokyo Shi-
baura Electric Co.; it, too, will start
marketing an IC model in Septem-
ber.

Onward. Nearly all the calcula-
tors at the show had lamp-indi-
cator readouts, mostly cold-cathode
glow tubes. Hayakawa and K. Hat-
tori & Co.—one of the watchmak-
ers—broke new ground with IC
machines—their latest—paired with
line printers. And the Sanyo Elec-
tric Co. made a splash with two
models built around Motorola
large-scale-integration  packages.
Sanyo intends to switch to do-
mestic LSI packages as soon as
Japanese semiconductor producers
offer them.

Facsimile palette

Television newscasters of the gov-
ernment-owned network Nippon
Hoso Kyokai will start getting still
color photos by facsimile from all
over Japan this month. But NHK’s
brand new equipment—it turns out
—won’t be the latest thing in color
facsimile for long.

NHK developed its hardware,
which transmits primary colors
sequentially over a standard tele-
phone circuit, jointly with the Toho
Denki Co. [Electronics, Jan. 22, p.
193]. Toho’s parent company, the
Matsushita Electric Industrial Co.,
unveiled in May the prototype of a
system that transmits all three
colors simultaneously and exposes
a Polaroid film after a 3.6-min-
ute scan. The one-color-at-a-time
equipment NHK is currently install-
ing at 30 strategic stations around
Japan takes 7.2 minutes a photo.

More impressive still, Matsushita
says, is the improvement in color
quality. The prototype has a mask-
ing circuit for each primary color.
These circuits compensate for very
small deficiencies in both the trans-
mitter’s optical filters and the film
itself. Traces of blue and green
light that pass through the red
filter, for example, are masked out
electronically. Spurious responses
in the color-sensitive layers of the
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Fast and faithful. Primary colors transmitted simultaneously—and corrected
individually—expose Polaroid film with high fidelity during 3.6-minute scan.

film are also taken care of.

Added carriers. Because all three
primary-color signals are transmit-
ted simultaneously—the only prac-
tical way to get the comparison
needed for corrections of individ-
ual colors—the new system needs
considerably more bandwidth than
the 3,000-hertz telephone channel
that will do for the line-sequential
system NHK developed. With
masking, each color signal modu-
lates both a 2,000-khz subcarrier
and the main carrier. The three
signals, stacked on the main car-
rier, add up to a bandwidth of
slightly more than 12 khz.

The modulated subcarrier for the
masking information is Matsu-
shita’s way of avoiding d-c coup-
ling around the color-correction
feedback loop. In the system, the
scan rate is five lines a second (the
Polaroid film pack is advanced
0.532 millimeter a second); without
the 2,000-khz subcarrier, then, the
low-frequency response would
have been critical.

Bright light. Toho Denki as yet
has no firm plans to go into produc-
tion on the three-at-a-time hard-
ware. But the facsimile receivers
NHK has ordered for its newscast-
ing operations will have a new
xenon lamp that Matsushita de-
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veloped along with the masking
circuits.

The xenon lamps develop a light
output of 9,000 candles per square
centimeter. That makes them about
500 times brighter than the glow
tubes generally used in facsimile
receivers.

West Germany

Fading color line

Ever since broadcasting officials
failed to agree on a single color-
television system two years ago,
much ado has been made over the
split among European -countries
into two video camps.
Broadcasters and viewers la-
mented the limitations on program
exchanges between countries com-
mitted to the West German phase-
alternation-line (PAL) system and
those using the French séquential-
a-mémoire (Secam) system. Re-
ceiver makers saw their potential
market fragmented. Some Euro-
pean federalists even saw in the
split a sign that the Continent—
despite the Common Market—was
still far from political togetherness.

But while the pundits were talk-
ing about the split, electronickers
were doing something about it.
Production-line  equipment for
making Secam programs suitable
for rebroadcasting in PAL territory
—and vice-versa—is just about here.

Ahead. The West German net-
works, almost certainly will be the
first to get transcoders into regular
service. Researchers at the Darm-
stadt telecommunications labora-
tories of the Federal Post Office
have built the prototype of a tran-
scoder, and the first production
models are in the works at Fernseh
GmbH, a Darmstadt-based firm.

The transcoder—a 6-foot stack of
19-inch racks—is currently priced
at $35,000 and includes test instru-
ments to monitor incoming and
outgoing signals. Once production
picks up, the price could drop to
about $25,000. The initial market
for Secam-PAL transcoders is peg-
ged at 25 to 30 units by Fritz
Jaeschke, who headed the research
team that developed the prototype.

Separated. Fortunately, both
Secam and PAL use the same 625-
line/50-frame transmission stand-
ard, so tricky format-conversion
circuits aren’t needed. The trans-
coding, in fact, boils down to two
steps. First the luminance signal is
separated out of the composite
signal. Then the chrominance in-
formation is coded onto the PAL
carrier.

For the separation, the incom-
ing composite signal is fed to a
diplexer-like stage that sorts the
luminance—or Y-—signal at the
low-frequency end of the band
from the chrominance components
at the high end. The luminance
signal then goes through a pulse-
shaping amplifier that steepens its
leading and trailing edges. Then
the signal is made to coincide with
the chrominance signal and applied
to the PAL modulator.

The treatment. Meanwhile, the
chrominance signal is operated up-
on in the transcoder’s demodulator
section. First, a carrier de-em-
phasis circuit eliminates any resi-
dual luminance components. Then
an array of diodes in an electronic
switch paired with a 64-psec delay
line sorts out the R-Y and B-Y
signals that alternate with each
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If your goal is superior results — the Midwestern Instruments Model 801 Oscillograph will help you.

But don't be surprised if you start getting approving glances from your associates — because your
selection of the 801 gives you more features and options at a lower cost than CEC’'s Model 5-124 or

Honeywell's Model 1508 — the 801's nearest “competitors.”

You may get a hand from the front office, too, when they see how much instrument you got for the
money: 8-inch chart = 8 to 36 channels = 10 speeds to 128 ips = mercury or xenon lamp = internal
damping board = four interval timing = 115 VAC/60 cycle and 220 VAC/50 cycle power = frequency

response to 20 KHz

FREE LITERATURE

A catalog on our complete
line of Oscillographs and
accessories and a brochure of
Midwestern facilities.

m modular construction m optional take-up unit with heated platen.

For information on our full line of oscillographs and facilities,
contact your nearest Midwestern Instruments representative...
he's in our cheering section.

the

Hero
Maker

MIDWESTERN’S
MODEL 801
OSCILLOGRAPH

MIDWESTERN /-
msrnumsnrs/ TELEX

DATA SYSTEMS DIVISION

A SUBSIDIARY OF THE TELEX CORPORATION
6422 E. 41st STREET TULSA, OKLAHOMA 74135
PHONE 918 - 627-1111 TWX 918 - 627-6030 TELEX 49-2489
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International
Electronics

Four volumes of incisive data— by country —
basic elements in planning and maintaining
a position of marketing strength in the
international electronics markets.

Updated regularly, information is
gathered on the spot and covers all
aspects of doing business in elec-
tronics in every major electronics
market of the world. Tariffs, govern-
ment policies, exchange controls,
credit, trade unions, even the impact
of smuggling are covered in these
in-depth reports.

Send for complete, free information
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Please send me your free,
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line in the Secam system. These
frequency-modulated signals are
fed to two identical channels,
and, after being amplitude-limited,
are applied to discriminators fol-
lowed by 2-megahertz low-pass fil-
ters that eliminate any remaining
carrier-frequency components. A
blanking circuit clears the horizon-
tal blanking interval of hum and
noise. De-emphasis circuits sup-
press pre-emphasis signals that are
part of the incoming Secam video.

In addition to the Y, B-Y, and
R-Y signals, the 4.43-Mhz PAL
color subcarrier must be applied
to the modulator along with the
sync pulses.

Double coverage

The air traffic snarl over Western
Europe, as elsewhere, is worsening.
This potentially dangerous situa-
tion is made more acute by the fact
that the surveillance radars at
major airports often fail to detect
aircraft—especially those coming
in at low altitudes.

Some relief’'s on the way,
though. There’ll be no blind spots
in the system AEG-Telefunken has
designed for the West German
government. A prototype of this
radar, which will be able to spot
planes anywhere between the hori-
zon and an altitude of 70,000 feet
at distances of 150 nautical miles,
is scheduled for installation at the
airport at Bremen in 1970. After
that, four production versions will
be sited in Dusseldorf, Hamburg,
Stuttgart, and a forest between
Frankfurt and the French border.

Revived. To get the improved
coverage, Telefunken engineers
opted for an arrangement in which
a pencil beam and a cosecant-
squared beam above it are sent
from the same reflector—a design
first used by the U.S. Air Force in
post-World War II  surveil-
lance radars. The staggered-beam
scheme has only recently come in
for serious consideration in the air
traffic control field. The Federal
Aviation Administration is ex-
pected to let a development con-
tract next month aimed at convert-
ing existing U.S. air traffic control
radars to twin-beam propagation.

Besides going with twin beams,

Telefunken’s engineers have put a
pair of reflectors back to back, thus
creating four radiation patterns.
The antenna rate is 7.5 revolutions
per minute, slow enough to provide
good moving-target indications and
yet fast enough—because of the
two reflectors—for information re-
newal to keep the display well
illuminated.

High and low. The pencil beams
are 1.2° wide horizontally and 3°
high at the half-power point. The
cosecant-squared pattern extends
up to about 40° above the ground.
Gain is 35 decibels in the upper
beams, 38 db in the lower.

Three transmitters power the
back-to-back antennas. Each upper
beam has its own transmitter, while
the pencil beams are handled by a
single transmitter whose output is
split by a 3-db coupler. The trans-
mitters operate over a frequency
range of 1,250 to 1,350 megahertz,
and there’s always a 50-Mhz dif-
ference between the upper and
lower beams to prevent energy
crossover in the receivers. Trans-
mitter peak power is between 4 and
5 megawatts. Pulse width is 4.5
microseconds and the repetition
rate is 400 hertz.

Telefunken has kept the antenna-
transmitter combinations flexible. A
single transmitter, for example, can
be used for the cosecant-squared
patterns. Operating this way,
though, the range is reduced.
There’s also a fourth transmitter, a
standby:.

As for receivers, there are five—
one for each beam and one stand-
by. Each produces both a normal
video signal and a moving-target-
indicator video signal.

Back to back. Telefunken’s upcoming
air traffic control radar uses a pair of
reflectors, each 291/, by 481/, feet.
Waveguides aren’t mounted on this
unit, a model for wind-tunnel tests.
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Around the world

Australia. Amalgamated Wire-
less Australasia Ltd., Australia’s
sole domestically owned electronics
producer of major rank, has been
tapped by the government to build
an integrated-circuit production fa-
cility. AWA will develop and pro-
duce IC’s under an initial contract
that provides $670 million over a
three-year period. According to
supply minister Ken Anderson, the

government support could last un-
til well into the 1970’s.

Japan. Takeji Kobayashi, min-
ister of posts and telecommunica-
tions, has ordered the head of the
Nippon Telegraph & Telephone
Public Corp. to punish the engi-
neers who designed the repeater
stations for NTT’s 500-mile micro-
wave link between Tokyo and Sap-
poro.

The directive comes in the wake
of a mid-May earthquake during
which standby power generators
at one station broke loose from
their supports and put the link out
of service for an hour and a half.
The emergency generators in the
130 repeater stations in Japan’s
microwave network are all of the
same design, and NTT will now
have to spend some $280,000 to
make them quakeproof.

The Netherlands. Philips’ Gloei-
lampenfabrieken, a latecomer in
the computer business, has landed
its first important computer order.
Philips will deliver a $1.3 million
P-1000 system to the Dutch post
office next February. Philips will
get a follow-on order for four more
systems if the first one performs
well. The company has so far dis-
closed little about the P-1000; but
it will release details in mid-June.

Great Britain. Marconi Co. engi-
neers have used an asbestos-like
plastic to design a new pivot as-
sembly that eliminates any chance
of long outages from the break-
down of antenna support bearings
at satellite communications ground
terminals. Instead of conventional
metal bearings that can take weeks
to replace under a heavy disk, Mar-
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~ The SCD-5 phase lock loop discriminator represents the latest addition to the

DEl F/M product line. Switchable loop filter bandwidths for operation within
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input filter provides data distortion less than 0.3% at DR = 5.
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Trygon’s New EAL Series
Laboratory Power Supply

W This is Trygon's new EAL wide-
range laboratory power supply —
four models in the most commonly
used laboratory voltage ranges.
At $99, it's a giant.

W And it's a clean giant. Clean
output, with ripple less than .5mv
rms, plus rock-steady .01 9% regu-
lation, .059% stability.

M Clean, compact all-metal case,
too, that doesn’t waste an inch of
bench space. The switchable volt/
ammeter, concentric coarse and
fine voltage controls, pilot light
and output terminals (fully float-
ing output) are all on the front

Meet
Trygon’s
Jolly Clean
Giant

———————— =tw
TRYGON ELECTRONICS, Inc.
111 Pleasant Ave., Roosevelt, L.1., N.Y. 11575*

| need the following EAL unit(s).
Qty.  Model Rating

EAL 10-1 0-10 VDC @ 1.0 Amp
EAL 20-500 0-20-VDC @ 500 ma
EAL 32-300 0-32VDC @ 300 ma
EAL 50-250 0-50 VDC @ 250 ma

Name Title

Firm

Address

City State Zip

[J Purchase Order Attached.

[J Contact us for Purchase Order.

[ Please send Trygon Power Supply Handbook.
‘PRICES SLIGHTLY HIGHER IN EUROPE.

TRYGON GMBH, 8 MUNCHEN 60, HAIDELWEG 20, GERMANY.
e
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coni uses plastic pads that can be
repaired in less than a day.

The design will be used in two
stations that Marconi is building
for Cable & Wireless Ltd.

The Philippines. A permanent
satellite communications ground
station with a 97-foot antenna has
gone into service about 25 miles
east of Manila. The facility was de-
signed to work with Intelsat 2
satellites and replaces a transport-
able station—distinguished by a 42-
foot horn antenna—that had been
operating since April, 1967.

Japan. The Nippon Television
Network Corp. will start construc-
tion this year in Tokyo of what will
be the world’s highest tv tower.
The $42 million Tokyo tower will,
at 1,804 feet, top the present rec-
ord-holder in Moscow by 65 feet.
In addition to the broadcast equip-
ment at its top, the tower will have
a 20-story office-apartment com-
plex as its base.

Canada. Lenkurt Electric of Can-
ada Ltd., a subsidiary of the Gen-
eral Telephone & Electronics
Corp., has a $10 million contract
to build a 770-mile microwave sys-
tem for Ontario Hydro, an electric
utility. The system will be the
longest in North America, Ontario
Hydro claims.

The Netherlands. A self-service
gasoline station that accepts bills
as well as coins was opened last
month near the Hague. A small
computer figures out how many
liters of gasoline are due a motorist
for the money he deposits in a
“cashbox” and meters out that
amount from special pumps. Kop-
pens Automatie designed the sta-
tion equipment in cooperation with
the Ministry of Transport.

Czechoslovakia. Twenty-six me-
dium and 239 small computers are
now operating in Czechoslovakia.
Officials released the figures last
month as a National Cash Register
NCR 315 machine went into opera-
tion at the headquarters of the
Czech footwear industry in Mor-
avia.

For
Extra Meter
Precision
and Consistency
Specify
Hitachi Magnets

To create these extremely stable mag-
nets Hitachi developed its own processes
for the compounding and heat-treatment
of fine alloys. The result is a range of
cast magnets for metering that are
precisely finished to unusually close tol-
erances, are more compact, and yet
retain magnetic stability and uniformity.
You can get a fast supply of Hitachi
meter magnets with properties to suit
your particular application. Each one
has guaranteed characteristics. Full in-
formation on types for your application
can be quickly mailed.

Products:
Meter Magnets:
For Speedometer, Tachometer,
Amperemeter
Motor Magnets:
For Micro Motor, Hysteresis Motor,
Wiper Motor, Blower Motor
Generator Magnets:
For A.C. Generator, Flywheel

HITACHI

Hitachi Metails, Ltd.
Head Office
Chiyoda Bldg., Marunouchi, Tokyo, Japan
Hitachi Metals America, Ltd.
Magnet Materials Sect.
437, Madison Ave., New York, N.Y. 10022,
U.S.A. Tel. 212-758-5255
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= L E L Division of Varian Associates 176
Snow & Depew Adv., Inc.
Lenox-Fugle Electronics, Inc. 212

Keyes, Martin & Co.

263




Litton Industries, Inc.
Winchester Electronics Div.
West, Weir & Bartel, Inc.

Litton Industries, Inc. Triad Distributor 208
West, Weir & Bartel, Inc.

OLTT OAS 16
Promotion Vente Publicite

170, 171

Magnecraft Electric Co. 254
ills, Fife & MacDonald, Inc.

= Mallory & Co., P.R., Mfg. Division 97
Aitkin-Kynett Co.

O Marconi Co. Ltd.
Line Edition Comm. Mars OAS 22
Hampshire House, Ltd.

O Marconi Radio Communication OAS 6
Hampshire House, Ltd.

u Markel & Sons, L. Frank 224

George Moll Adv., Inc.
Merrimac Research and Development,

nc. 76
Fletcher-Walker-Gessell, Inc.

Metex Corp. 94
Keyes, Martin & Co.

Mico Instrument Co. 224

Microdyne Instruments, Inc. 178
Stan Radler

u Micro Switch Division of Honeywell 36, 37
Batten, Barton, Durstine & Osborn, Inc.

Microwave Assoc., Inc. 24
Kalb & Schneider, Inc.
= Microwave Cavity Laboratories, Inc. 168
Art Brown Writing Service
s Midwestern Instruments 259
+ White Advertising Agency
Molex Products Co. 57

Fensholt Advertising, Inc.
Motorola Semiconductor Products, Inc. 43
Lane & Bird Adv., Inc.

Mullard, Ltd. 154
Parker-Rumrill International, Inc.

= National Electronics, Inc. 235
Connor-Sager Associates
National Semiconductor Corp. 12,:13
Jay Chiat & Associates
= North Atlantic Industries, Inc. 169
Murray Heyert Associates
= Nortronics Co., Inc. OEM Div, 236

Stral Adv. Co,, Inc.

Omni Spectra, Inc. 74
Hutcheson Associates

P;storiza Electronics Co. 218
L.K. Frank Co,, Inc.
u Pfizer Minerals,
Pigments & Metals Division 195
W.E. McWhorter Design and Advertising
Phelps Dodge Electronics Products
Corp. 159
Smith, Dorian & Burman, Inc.
Philco Ford Corp.,
Sierra Electronics Operation 1T
Hal Lawrence, Inc.

O Philips Eindhoven N.V. OAS 1, OAS 3
T.A.G. De La Mar

= Photocircuits Corp. 93
Duncan Brooks, Inc.

m Plastic Capacitors, Inc. 66
Sander Rodkin Adv. Agcy., Ltd.

Pomona Electronics Co. 228

Buxton Adv. Agcy.

Radiation, Inc. 51
W.M. Zemp & Assoc., Inc.

Radio Corporation of America
4th Cover, 53, 200
Al Paul Lefton Co.
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Raytheon Co., Industrial Component Div. 9
Fuller & Smith & Ross, Inc.
Riken-Denshi Co., Ltd. 226
Taibosha Co., Ltd.
O Rochar Electronique,
Div. of Schlumberger OAS 7
Promotion Vente Publicite

Sanders Assoc., Inc.,

Flexprint Products Div. 63
Chirurg & Cairns, Inc.
0 Schneider, R.T. OAS 11
Noirclerc Publicite
Scientific Data Systems 44
Doyle, Dane, Bernbach, Inc.
U Schlumberger, Ltd. OAS 5

Sodipa Contact

Sel-Rex Corp. 247, 248, 249, 250
0.S. Tyson and Co., Inc.

Sensus International 260
John W. Hall
O Sfernice OAS 12
Publicitor
Signetics Corp.
Sub. Corning Glass Works 214
Cunningham & Walsh, Inc.
= Simpson Electric Co. 155
Emerad Adv. Service, Inc.
Sinclair Radio Labs., Inc. 222

John E. Hayes Co., Inc.

Sola Basic Industries, Sola Electric Div. 162
The Brady Co.

O Solartron Electronic Group, Ltd.

OAS 8, OAS 9
Southern Advertising, Ltd.
Sorensen Operation, Raytheon Co. 81
Urrutia & Hayes, Inc.
Sprague Electric Co., The 10,- 55

Harry P. Bridge Co.
= Stackpole Carbon Co.,

Electronic Components Div.
Meek & Thomas, Inc.

Sweet’s Industrial Information
System 182, 183
J.J. Lane, Inc.

Sylvania Electric Products, Inc.,
Electronic Components Group 27 to 34
Doyle, Dane, Bernbach, Inc.

230, 231

Synthane Corp. 226
Arndt, Preston, Chapin, Lamb & Keen, Inc.
Syntron, Division of FMC Corp. 85

De Sales Adv., Inc.

Tally Corp. 83
Bonfield Assoc., Inc.
u Technipower 16
S & S Creative Services
0 Technique et Produits OAS 15
Ste de Publicite de Films et de
Documentaires
Techni-Rite Electronics 237
Fern/Hanaway, Inc.
m Tektronix, Inc. 156
Hugh Dwight Adv., Inc.
Tempress Research Co., Inc. 75
Hal Lawrence, Inc.
Teradyne, Inc. 22
Quinn & Johnson Adv., Inc.
Test Equipment Corp. 222
Dean & Bain Adv., Inc.
Texas Industrial Commission 216

The Pitluk Group

= Texas Instruments Incorporated
Components Group 67, 68, 69, 70
Don L. Baxter, Div. of
Albert Frank-Guenther Law, Inc.

= Texscan Corp. 96
Burton Browne Advertising

Thomson Electric Co., Inc. 72

= Tracor, Inc. 179

Weekley & Valenti, Inc.
= TRG, Inc.,

Division of Control Data Corp. 266
Culver Adv., Inc.
Triplett Electrical Instrument Co. 184
Burton Browne Advertising
TRW Electronics Capacitors Div. 87
Fuller & Smith & Ross, Inc.
= Trygon Electronics, Inc. 262

Kameny Assoc. Inc.

= Tung-Sol Division, Wagner Electric Corp. 64
Feeley & Wheeler, Inc.
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Ulano Graphic Arts Supplies, Inc. 187
Lory Roston Associates
u United Systems Corp. 237
Advertising & Merchandising, Inc.
U. S. Naval Ship Missile Systems 225

Henry J. Kaufman Associates

= Varo, Inc. 217, 219
Tracy-Locke Co., Inc.
Wakefield Engineering, Inc. 235
Sales Promotion Services, Inc.
m Wang Laboratories 190
Impact Adv., Inc.
Watkins-Johnson Co. 203
William C. Estler Pub. Rel.
= Weinschel Engineering Co. 218
E.G. White Adv., Inc.
Westamp, Inc. 216

Siegmeister-Grant

= Weston Instruments, Inc.
Newark Division 164
Arndt, Preston, Chapin, Lamb & Keen, Inc.

Williams Gold Refining Co., Inc.,

Precious Metal Div. 217
Stahlka, Faller & Klenk, Inc.
Wiltron Co. 212

Tom Jones Advertising and Packaging

Classified Advertising
F.J. Eberle, Manager

EMPLOYMENT OPPORTUNITIES 241-242
Corcoran, J. P. 241
General Dynamics—Elec. Boat Div. 242
Harshaw Chemical Co., Div. of

Kewanee 0Oil Co. 241
Microtran Valley Stream 241
Union Carbide Corp. 241
EQUIPMENT

(Used or Surplus New)

For Sale 243
A & A Electronics Corp. 243
California Elec. Mfg. 243
Radio Research Instrument Co. 243

= For more information on complete product
line see advertisement in the latest Elec-
tronics Buyer's Guide

O Advertisers in Overseas Advertising Section
following Newsletter from Abroad

Electronics Buyers’ Guide

George F. Werner, General Manager
[212] 971-2310

Ray Smyth, Eastern Regional Manager
[212] 971-6538

Regina Hera, Directory Manager

[212] 971-2544

Thomas M. Egan, Production Manager
[212] 971-3140

Circulation Department
Isaaca Siegel, Manager [212] 971-6057

Research Department

David Strassler, Manager [212] 971-6058
Chloe D. Glover, Research Associate
[212] 971-6057

Electronics | June 10, 1968



Advertising Sales Staff

Frank E. LeBeau [212] 971-6464
Advertising Sales Manager

Wallis Clarke [212] 971-2187
Assistant to sales manager

Donald J. Austermann [212] 971-3139
Promotion Manager

Warren H. Gardner [215] LO 8-6161
Eastern Advertising Sales Manager

Atlanta, Ga. 30309: Michael H. Miller, 1375
Peachtree St., N.E.

[404] 892-2868

Boston, Mass. 02116: William S. Hodgkinson
McGraw-Hill Building, Copley Square
[617] CO 2-1160

Cleveland, Ohio 44113: William J. Boyle, 55
Public Square, [216] SU 1-7000

New York, N.Y. 10036

500 Fifth Avenue

Donald R. Furth [212] 971-3615

James R. Pierce [212] 971-3616

John A. Garland [212] 971-3617
Phlladel'ahia, Pa. 19103:

Jeffrey M. Preston

Warren H. Gardner,

6 Penn Center Plaza,

[215] LO 8-6161

Pittsburgh, Pa. 15222: Warren H. Gardner,
4 Gateway Center, [412] 391-1314
Rochester, N.Y. 14534: William J. Boyle,

9 Greylock Ridge, Pittsford, N.Y.

[716] 586-5040

J. Bradley MacKimm [312] MO 4-5800
Midwest Advertising Sales Manager

Chicago, Ill. 60611: Robert M. Denmead,
J. Bradley MacKimm, Ralph Hanning,
645 North Michigan Avenue,

[312] MO 4-5800

Dallas, Texas 75201: Richard P. Poole, 1800
Republic National Bank Tower,

[214] RI 7-9721

Houston, Texas 77002: Kenneth George,
2270 Humble Bldg., [713] CA 4-8381
Detroit, Michigan 48226: Ralph Hanning
856 Penobscot Building

[313] 962-1793

Minneapolis, Minn. 55402: J. Bradley
MacKimm, 1104 Northstar Center

[612] 332-7425

St. Louis, Mo. 63105: Robert M. Denmead
The Clayton Tower, 7751:Carondelet Ave.
[314] PA 5-7285

James T. Hauptli [415] DO 2-4600
Western Advertising Sales Manager
Denver, Colo. 80202: Joseph C. Page, David
M. Watson, Tower Bldg., 1700 Broadway
[303] 255-5484
Los Angeles, Calif. 90017: lan C. Hill,
John G. Zisch, 1125 W, 6th St.,
[213] HU 2-5450
Portland, Ore. 97204: James T. Hauptli,
218 Mohawk Building, 222 S.W. Morrison
Street, Phone [503] 223-5118
San Francisco, Calif. 94111:
James T. Hauptli, 255 California Street,
[415] DO 2-4600

Pierre Braude Tel: 225 85 88: Paris
European Director

Paris: Ken Davey

88-90 Avenue Des Champs-Elysees, Paris 8
United Kingdom and Scandinavia
Brian Bowes Tel. Hyde Park 1451

34 Dover Street,

London W1

Milan: Robert Saidel

1 via Baracchini Phone: 86-90-656
Brussels: F.I.H. Huntjens

27 Rue Ducale Tel: 136503
Frankfurt/Main: Hans Haller
Elsa-Brandstroem Str. 2

Phone: 72 01 81

Geneva: Ken Davey

1, rue du Temple Phone: 31 95 60
Tokyo: George E. Olcott, 1, Kotohiracho
Shiba, Minato-Ku [502] 0656

Osaka: Ryoji Kobayashi 163, Umegae-cho
Kita-ku [362] 8771

Business Department

Wallace C. Carmichael, Manager

[212] 971-3191

Stephen R. Weiss, Production Manager

[212] 971-2044

Thomas M. Egan,

Assistant Production Manager [212] 971-3140
Dorothy Carmesin, Contracts and Billings
[212] 971-2908

How Bright is One Half Milliwatt?

That depends on how you look at it. The photograph below displays
the San Francisco skyline seen from Yerba Buena Island. Located
on top of the Wells Fargo Bank Building, at a distance of two and
one quarter miles, the laser source appears to be the brightest thing
under the sky. (In deference to the world’s most valued noncoherent
source, we waited until the sun had departed beyond the Golden Gate.)
We have worked on the development of our LAS—2002 for the past
two years and we consider it to be a true second generation laser.
(Many of our first generation lasers are now operating in the field
in their third and beginning fourth year of trouble-free service.)
Regarding the use of lasers in classroom or laboratory, please inquire
about our completely revised booklet ‘Laboratory Experiments with
Coherent Light; listing in detail more than 40 experiments. Our new
Laser Experimenters Kit complements this text and features holo-
graphic exposure and display.

We also manufacture other gas lasers and related instruments.

The all-new LAS-2002 compact Laboratory Laser offers you the
following outstanding features:

operation: from ac-line (integral power supply), only
requires the actuation of an on-off switch

adjustments: none during entire life

tube design: double-wall coaxial, heated cathode for
exceptional life

mirrors: sealed in for permanent alignment, no effects from
dust or humidity

cover: removable for demonstration of laser operation

use: ideal for classroom or school-laboratory

power: one half milliwatt (possibly an optimum compromise
between visibility and operating safety) TEM,,,, mode CW

$232

f.0.b. output of red coherent light at 6328&, warranted for one

calendar year

Palo Alto,
dimensions: 3 x 5'2 x 9 inches, width-height-length; 5 Ibs.

California

Hec"‘ﬂ un"us Assm:mles 974 Commercial Street,

Palo Alto, California 94303 Tel. (415) 327-6200

LAS-2002 NAME
information COMPANY
please STREET
CITY STATE ZIP

Frances Vallone, Reader Service Manage
[212] 971-2865 i
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Get hetter performance In

any direction

The hp 140 Scope System covers the entire oscilloscope
spectrum from dc to 12.4 GHz with the extraordinary
versatility you need to get step-ahead measurements—
now and in the future!

Count these exclusive capabilities: hp’s 140 Scope
System is the only scope system to give you sampling
bandwidth to 12.4 GHz . .. delayed sweep time base
for sampling . . . 50 uV/cm sensitivity dc coupled with
no drift . . . plus plug-ins for direct readout of TDR and
swept frequency. In addition, it offers full plug-in com-
patibility with standard CRT persistence in the 140A
mainframe—or optional variable persistence and stor-
age in the 141A mainframe. Select from these unique
capabilities for your special measurement require-

ments. For your all-around, day-to-day use, pick the
20 MHz, 5 mV/cm dual trace plug-in.

With 17 high-performance vertical and horizontal
plug-ins and three remote sampling heads to choose
from, you match your oscilloscope system to your mea-
surement requirements. The selection chart shows how.

Forthe complete story on the scope system that gives
you better performance in any direction—hp’s 140 sys-
tem—contact your nearest field engineer. Or, write to
Hewlett-Packard, Palo Alto, California 94304. Europe:
54 Route des Acacias, Geneva. Price: 140A Mainframe,
$595; 141A Variable Persistence and Storage Main-
frame, $1395; plug-ins, $250 to $1600; samplers,
$1000 to $3000.

Circle 901 on reader service card

VERTICAL PLUG-INS COMPATIBLE TIME BASES ::3‘:"::
< < < < | < < < < < < < < < < < < < <
hp 140 Scope System s(§(3(3|8(E|1S8(5 |2 15|39 5131318 N
FileD Hiannies § S ¥[S[S |S |3 |S[S|<[2[2[S[S|S[s|%]|=
1. Wide Band ° ° ° . °
2. Sampling . ° . . ° . °
3. High Gain Differential . ° . . . ° ° .
4. Dual Trace . ° . ° ° 0 . °
5. X-Y . ° . . . ° ° . . . ° . . . °
6. Delayed Sweep °
7. No Drift . ° ° ° .
8. High Common Mode Rejection ® . ° . . . 5
9. Algebraic Addition ° s . . ° ° ° ° ° ° .
10. Time Domain Reflectometry .
11. Wide Band TDR . . . .
12. Swept Frequenc 0
T
Al
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HEWLETT hp PACKARD

OSCILLOSCOPE SYSTEMS
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A“Refreshing”
new Storage Tube

“Refresh” your alpha-numeric display with the exciting new
Alphechon storage tube. Smaller than any other single-
ended, non-destructive read-out storage tube previously
available, this entirely new device can accept incoming
signals (even over telephone wires), store them, and read
them out as TV signals.

This small (6.75” long), low-cost tube is sure to become an
important new component in data distribution and read-out
systems where computer-generated alpha-numeric
messages are to be displayed on conventional TV monitors.

Although the Alphechon storage tube is designed to
operate over a wide range of input and output rates in a
variety of operating modes, the Alphechon is characterized
at awriting time of 1 TV frame, an erasing time of 1 TV
frame, and may be continuously read out at TV rates for
more than 2 minutes.

For more information on the Alphechon and other RCA
Display Storage Tubes, see your RCA Representative or
your RCA Industrial Tube Distributor. For technical data,
write: RCA Electronic Components, Commercial

- Engineering, Section F 19Q, Harrison, N.J. 07029.




