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A new bridge”

r) 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 usetul
when measuring an amplifier's input impedance.
A conductance bridge has been added. It permits
direct readout in micromhos of parameters such as
hoe. 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 Experimenter,
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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 1100xF,
series or parallel; L from 1xH to 1100H, series or
parallel; R from 1 mQ to 1.1 M$, ac or d¢; G from
1 nanomho to 1.1 mhos, ac or dc; D (at 1 kHz)

for C, from 0.001 to 1, for Cp from 0.1 to 50; Q

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

1% 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




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 #SRN
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 1/0 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 163 ”x 12Vs " 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.

i
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DIGITAL COMPUTERS
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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'll 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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Technical Articles

I. Design

Microwave IC's: part 1

New problems, but newer solutions

Thin- and thick-film hybrid circuits

provide solutions to size, cost, and

reliability problems

William J. Moroney, Microwave Associates Inc.

Designer's casebook

s FET voltmeter reads transients

* Boosting op-amp output with two transistors
= Zener simulates muscle signals

Active filters: part 2

Using the gyrator

Gyrators, by simulating inductive effects with
capacitors, produce filters with better Qs
than conventional LC filters

Louis de Pian, George Washington University

Il. Application

Guidelines for radiation testing

Many factors—radiation environment
simulation, dosimetry, test circuits, and data
analysis—go into successful radiation tests
Joseph T. Finnell and Fred W. Karpowich,
Avco Corp.

Vibrating angular rate sensor

may threaten the gyroscope

Coriolis-force device may last 25 times longer
than gyros because it has no rotating parts
William D. Gates, General Electric Co.

Color television scores big gains

electronics with small screens
Improvements are coming in color-tv picture
tubes and automatic tuning
John D. Drummond, Consumer electronics editor
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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-
cred, 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 cquipment today is greatly
extending the cconomy 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
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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
1% accuracy.

With wide 10 Hz to 10 MHz
frequency response, use the
3400A forallyourtrue rmsaudio
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 hasascale
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 109 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. Asan 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 a1 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 @ PACKARD

ANALOG VOLTMETERS

True RMS Measurements Come from Thermocouples!

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




castern Mexico and a 580-mile sys-
tem in northwestern Mexico linking
ITermosillo and Enscnada. Con-
tracts for approximately $9 million
were awarded by the Secretaria de
Comunicaciones v Transportes for
this work to our Italian subsidiary,
Socicta 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
clectronic music” [April 29, p. 93]
contains  misinformation  about
Moog clectronic music instruments.

None of the Moog synthesizers
sells for $1500. The device which
vou say . . . “can be carried around
by pop music groups to augment
the sound of their clectric gnitars
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 vour
statement that the equipment of
Buchla Associates has “a greater
range of sound dynamics” than
NMoog cquipment.

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 hack-
ground noise.

Making music

To the Editor:

Far from being a “$100,000 white
clephant,” the RCA synthesizer
[April 29, p. 93] was the first com-
prehensive  clectronic 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 clectronic music today.
Instead of heing 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 arca 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. Tmportant composi-
tions have Dbeen and are Dbeing
produced on the synthesizer, and
we expeet it to be a valuable tool
for many vears to come.

James Scawright
Electronic Music Center
Columbia and Princcton

Universitics

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.

Farinon

Farinon Electric, 935 Washington St., San Catlos, Cal, 84070
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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 . . . cL i for many

k- -4 HOWELL INSTRUMENTS, INC.
\ ({HMED 7 3479 West Vickery Bivd.
i -4 Area Code 817 336.7411 « Fort Worth, Texas 76107
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The new assistant to the president
for microelectronics planning at
Autonetics, Alvin B. Phllhps says
his primary mis-
sion is to build
a five-year plan
for microelec-
tronics and im-
plement it in
close coopera-
tion with CUF.
O’Donnell, sen-
ior vice presi-
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
29, p. 25].

To produce these circuits, Auto-
netics is building a 40,000-sq-ft.
facility that’s due for completion in
carly 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 LSI.
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

Phillips

Electronics | June 10, 1968



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

- — B+
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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 Ampilifier

e

ilter b 3

Feedback
CK1101|CK1101 Ratio X |¥Y z

bam—o Adjust
PAN—O,
pw—0

S0

| Meter
Low Pass B
Filter
DC S

Cathode
Follower

i 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 th
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

Electronics | June 10, 1968
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All from Sprague!

TWELVE OF OUR MOST POPULAR

METALLIZED CAPACITOR TYPES

Case And . . Temperature
SPRAGUE TYPE Conﬂguration Dielectric Rang‘
hermetically-
BBUP sealed metallized —55C,
metal-clad Metfilm* ‘A’ +85C
tubular
film-wrapped metallized
\m 431P  xallead  metfimee e
tubular  (polyester film):  +
]55P molded
’ phenolic metallized —40C,
156P axial-lead paper +85C
tubular
hermetically- :
metallized
T N8 e e
tubular (polyester film)  -+105C'
hermetically- metallized
260P sealed Metfilm* ‘K’ —55C,
metal-clad  (polycarbonate +105 c
tubular film)
hermetically- .
1 21 P sealed metallized —55C,
metal-clad paper +125¢C
tubular
hermeticaliy- metallized
"8P sealed Difilm® ~55C,
metal-clad | (polyester film +125C
tubular and paper)
83 hermetically- .
1 43P sealed metallized —55C,
metal-clad paper +125C
< “'bathtub’ case
&3 hermetically- metallized
1 44P sealed Difilm® —55C,
metal-clad = (polyester film +125¢C
“bathtub" case | and paper)
hermetically- .
284P sealed metallized —55C,
metal-clad paper -+105 ¢
rectangular case
hermetically- metallized
283P sealed Difilm® —55 C,
metal-clad  (polyester film +125¢C
rectangular case  and paper)
282P drawn
metal case, metallized 0C,
(energy ceramic paper +40C
storage) pillar terminals

*Trodemark

Military
Equivalent

no

specification
no

specification

no
specification

CHO8, CHO9
Characéeristic

no
specification

no
specification

CHO8, CHOY
Chara?&eristic

no
specification
CH53, CH54,
CH55
Characteristic
N
no
specification

CH72
Characl:&eristic

qo
specification

For additional information, write Technical Literature Service,
Sprague Electric Company, 35 Marshall St., North Adams, Mass. 01247,
indicating the engineering bulletins in whlch you are interested.

SPRAGUE COMPONENTS

CAPACITORS PACKAGED COMPONENT ASSEMBLIES
TRANSISTORS FUNCTIONAL DIGITAL CIRCUITS
RESISTORS MAGNETIC COMPONENTS

THIN-FILM MICROCIRCUITS
INTEGRATED CIRCUITS
INTERFERENCE FILTERS

PULSE TRANSFORMERS
CERAMIC-BASE PRINTED NETWORKS
PULSE-FORMING NETWORKS

45C.6135

10

|

Eng.
Bulletin

2650

2445

2030

2450A

2705

2210C

2211D

2220A

2221A

2222

2223

2148A

People

SPRAGUE

THE MARK OF RELIABILITY

'Sprague’ and '(2)° are regestered trademarks of the Sprague Electnc Co,

think a systems house with com-
ponent technology can step into
LSI easicr 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
suppliecr—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
hasnt a single direct-house ac-
count.

New approach. Beadling con-
siders himself a marketing man.
Assistant gencral manager of the
department for less than a vear,
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
arcas,” 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, we'll have completed
325,000 square feet of production
and development space there.”

d% n

Beadling
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Some people will buy a Sierra
High-Power Signal Generator

You can change the output tube in 2 Sierra Model 470A in as
little as 30 seconds. With other signal generators, the job eats
up precious hours. Sc you can't really fault a man who goes
overboard on this quick-change act, even though he may be
overlocking 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

Frt;.'t\:‘l:{er)lcy Range 50-200 200-500 500-1000 1000-1800 1300-2500
z

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

Fach 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 irom 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.

e ‘_.L.z ‘

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

PHILCO

PHILCO-FORO CORPORATION
Sierra Electronic Operation
Merlo Park, Calfornia « S4025




Weve got op amps
like nobodys got
op amps.

1. VERY LOW POWER

The typical dissipation of the NHOOO1 is but 1.8mW
at Vs= £15Vand 0.6mW at Vs= 06V, Something of
a record. no? And further. the mighty NHO001 \\111
deliver over £10V into a 2K l()d(l from Vs= £15\
supplies. It's priced at £18.00 in 100 to 999 (uantities.

) 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 ~hml -cireuit proof and has
a large differential mput\()]ta(re allowance. \l()remex,
lre(luen(\ compensation is snnple and there is no
latch- -up problem. The price is 510.00 in 100 to 999
quantities. (There is also a commercial version, the

LM201, priced at 38.80.)

R2
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3. FULLY COMPENSATED, GENERAL PURPOSE

Vom0 T0 <200 The LH101 is kin to the LM101. The essential (lif:fér-
R2 ence is that all the required frequency compensation
is inside the package. Current drain is low. even with
the output saturated. There is no latch-up when com-
mon mode range is exceeded and there’s continuous
short eireult ln‘nlecli(m. Price for 100 to 999 is
RI|IR2 $18.00. The commercial version LH201 is $11.40.

1

1. HIGH SLEW RATE VOLTAGE FOLLOWER

The 1.M102 voltage follower is the first monolithie
amplifier that has combined low mput current with
high spee(l. Slew rate is 10V/us. The maximum
input current is an incredible 10nA. Input currents

Vs = =12V 10 =15V

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 1.M202 is pri(‘e(l at $12.00. LM302 com-
mercial at £5.40.

5. HIGH OUTPUT CURRENT

o O ELRE When we say high output current, we nean high.
The output current on this. the NH0005, is £50mA
into a 1009 load. The price in 100 to 999 (uantities
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 NH0O002 is something else. It has an output cur-
rent of £300mA into a load of 502. The NH0002
buffer is useful in the loop in all your high current
op amp applications. The price is $20.00 in 100 to
999 quantities.

If you'd like op amps like we've got. write National Semiconductor
Corporation. 2975 San Ysidro Wav, 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!”

f——————-— ————————

} This: catalog lists
62,000 models of
AC to DC plug-in

' power supplies

| available for ship-
ment in just three

i days. Choose the
exact autputs you
need. Singles or

| duals, regulated
or unregulated.
Write or phone for

I yaur free copy.

pe—

| Name

| Tilt|e

State Zip

|

E

|

i HAeopran
o D
|

Acopian Corp., Easton, Penna. 18042
Phone: (215) 258-5441
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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
arcas, 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 1C’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, |EEE; Sheraton
Hotel, Philadelphia, June 12-14.

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

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

Microelectronics Symposium, IEEE;
Sheraton-Jefferson Hote!, 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, |EEE; 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)
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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.

to provide either 60 Tz o 400 Hz,

DC wccuracy of the 760A is = 0.1% up
to 1600 volts. Current range is 1 micro-
ampere to 10 amperes with on acenracy

can operate the
" instrument sim-
‘i ply and quick v,

Dial up am

And that's only one
feature of the Fluke
T60A which obsoletes
all other meter cali-

brators. For instance k. | parameter with- of 0.25% . Resistance range is O to
1101‘(‘"; a calibration | out range change 10 megohms to an accuracy of =0.1%.
stancards instrument o | or switching. AC accuracy is 0.25¢% trom 0.001
guaranteed to stay " e & .| Veveputina to 1.000 volts. And the price, $2.485,
with:n specifications for o ' full complement is a lot less than anvthing remotely
one full vear over a wide il of interlocks and ather comparable.
range of environmental con i sufetv features so neither vou nor o o raliheabinn ie veiir s
£ : So, i meter calibration is your business,

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

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

the instruments under test ave in danger.
The 760A can easily be used by un-
skilled operators to calibrate virtnally
all multi-range. multi-function instru-
ments.

A stable, low distortion oscillator is used

let us help make vour work day shorter
and easier with the new Fluke 760A
Meter Calibrator. See vour Fluke Sales
Engineer (listed in EEM) or write or
call us for full information and a demon-
stratzon.

In Europ o, address Fluke International
Corporat:on, P. 0. Box 5053,
Ledeboerstraat 27, Tilburg, Holland.
Telex: 8§44-50237. 1a U. K., address Fluke
International Corporation, P.O. Bax 102,
Watford Herts, England.

Fluke, Box 7428, Seattle, Washington
98133, Phone: (206) 774-2211.
VWX (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

16

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, |EEE;
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 Hote!, 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, |EEE; 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 neww BGA-2 Gravily Meters make precision gravity mapping of
waler 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 ofishoie oil deposits. BGM-2 is
compacl, seli-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, 5pa(('crall and aircraft 5U|dan(e svstems. In
sea lrials co-sponsored by the Naval Oceanographic Ofiice and the
Environmenlal Science Services Administiation, the Bell Gravity Meter
proved accurate to 0.5 milligal during sea state 4 conditions. It was also
successfully tested in a Navy P3A aircrait. Bell Gravity Meters are ¢ urrently
being delivered for use by the U.S. Armv Mapping Service, the Navy's
Oceanographic Officé, and the Guli, Shell and Mobil Oil Companies.

Electronics | June 10, 1968

BELL AEROSYSTEMS - A lext[‘onl COMFANY Buffalo. New York
Proven Systems Capabilities for Aerospace * Defense « Transpertation + Communications
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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-dnft ampldier 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
0.3,V per “C.

R

THERMIOCOQUPLE
BRIDGE

Key Fealures
Temperature Onift 03uv/ C
Closed Loop Gain 1000
Gain Accuracy 0.01%
Input Resistance 300 M

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:

AV. /AT=06,V/°C R =300Megohms
Al /AT = 2pA/°C V oii= +13V
o= 2nA V = +10V

New Product #31 is the ,A741 frequency-compen-
sated operational amplifier. It has internal fre-
quency compensation built directly on the chip

(that etiminates the need for external stabilization
components). The ,A741 is a successor to the
#A709 and a pin-for-pin rep'acement for it. Key
nAT741 features include:

short-circuit protection

adjustable input offset voitage

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

V = .30V R =1mu

I-- = 30nA V.= +13V
V —1mv Venp= +15V
A, - 200.000 Pr =s5mw

This is only one of many applications possible with
the ;A727. «A741 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.

r——————=—==———"—"=—" ===/ —-—-== 1
| Please send me the Linear IC Applications Pack. |
| |
| |
| Name - |
| |
| Company _
| |
| Mailing Address |
| |
| |
| |
e e e e J

Fairchild Semicenductor A Division
of Fairchild Camera and instrument
Corgoration 313 Fairchild Drnive
Mountain View. California 93040
(4151 962-5011 TWX' 910-379-6435

R e
FAIRCHILD
[ES I e
SEMICONOUCTOR




Our story starts
with a very
superior
polyester film.

20

To which we
add exceptional
dimensional
stability.
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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.

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.

e, . ™ it T st |

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

|
[
I
|
|
I
[
|
I Company
|
|
|
I
|
I
|
|

Address . g
City State Zip

CELANESE

PLASTICS COMPANY

Celanesa®

Celanar®

L Celanese Plastics Company is a division of Celanese Carporation,
T — — — — N — T —
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Which
IC Test System

does
these th

DIAGNOSTIC COMPUTER
PROGRAMS automatically check
out system operatioq.

\ 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. \
TYPED SUMMARY SHEETS. \
Whenever desired. No interruption (
in testing. Give total units tested

per test station, test yields and
bin yields.

in two hours.

DIRECT ENGLISH data logging
type-out, showing job name, serial
number, test number, decimal

point and units. T

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.

VERY COMPLEX TEST  packages to insure
SEQUENCES can be against obsolescence.
programmed, yet

preparation of simple
tests can be learned

This

all
ngs?

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

TEN-YEAR GUARANTEE for
all instrument plug-in circuitry

GROWING LIBRARY (it's almost all plug-in).

of improved software

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 connections,

forced values, measured limits,
= binning decisions—everything

about each test.

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

and autopinning.

PROGRAMMABLE CURRENT LIMITS

4 foreach source at each test.

one.

complete for only $65,000)

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

age sources, measurement system,
and test deck), complete software
package, and coursesin 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 clectronics equipment has
become so difficult that one major systems contract
offers a honus of $19,000 for cach fault that can be
isolated to a single discrete part. And that’s a har-
gain, whether the fault is in military equipment,
where more than money is at stake, or in multimil-
lion-dollar computer systems.

In military aireraft, for example, the ideal in-
flight test would detect and isolate a fault and the
avionics system would automatically switch the
cquipment 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 fune-
tional whole. Individual clements are inaccessible
to probing and there arc a limited number of exter-
nal pins. Since such arrays will probably have lim-
ited use, just a few of cach 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 dcvelopments in automating
failure detection is a psychological factor—design-
ers think of testing as the poor cousin of circuit de-
sign. They Dbelieve that designing circuits is “cre-
ative,” and that designing ways to test them is
ncither challenging nor interesting,

The attitude stems partially from sinipler 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
desigued with little concern for the way they will be
tested, and with almost complete indifference to
automatic sclf-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. Morc-
over, he’s ignoring one of the most exciting and
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for the development of a test program kept low
cnough 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
clectronics 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-
licves it’s possible to standardize test hardware,
vet 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 arc 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 payoft could he greatest.

Cireuit designers who have been through the
experience of designing a fault-detection program
gain respecet 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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Avalanche Oscillators
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 O‘itp‘"
Numbe: GHz Power at 25°C
mW

MA-4980 8.2-12.4 10
MA-4986 8.2-12.4 50
MA-4987 8.2-12.4 100
MA-4988 12.4 -18.0 10
MA-4989 12.4-18.0 50
MA-4902 18.0 - 26.0 10
Avalanche Oscillators

Single Freqg. Typical

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

Instant Microwave...

MICROWAVE ASSOCIATES N
Burlington, Massachusetts

Offices: Northwest Industrial Purk, 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

~«—Circle 24 on reader servics card
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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.
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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 consers ing 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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IDERS/ 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 tude. 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 develcped 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 ackieve 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 capsuie

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 cofor bright 85* and
other manufacturers. Our new tube is:

23%, brighter than C
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.

51% brighter than E

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.
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IDERS, Picture Tube Components
[ 1

New tricolor electron gun
iImproves 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 #A, 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.
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/ FORMER GUN DESIGN
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NEW SHARP-FOCUS
GUN DESIGN

ELECTRON SPOT SIZE (FOCUSED SPOT)

]
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CATHODE CURRENT

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 ua...a very definite advantage in spot blooming at
high brightness in a color scene.
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IDEAS/CRTs

Four or more colors on a
CRT...ifrom 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, etc.

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” 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 01 21” scrzen. Coastline in
yellow, crbital paths in green, tracking stations i1 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 traflic 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 CRTs can help you.
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IDEAS/ M icrowave Diodes

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 ean be used
in such applications as mixers, detectors, modulators,
low-power limiters and high-speed switches at frequencies
from 2to12.4 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 AV
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 junetion 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 micro-
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 inereasing use in digital circuits
as high speed switches and as nanosecond sampling de-
vices for test equipment.
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Up to X-Band

BLUMINA
CHIP CERAMIC SCHEMATIC
107 MIL DIA
SINGLE [ﬁ + oO—o+—O
05830 05836
Included in L-band beamlead pack-
ages, dual Schottky diodes on fiber-
o——C
glass substrate (above) and matched
PAIRS % pair (below).
O—¢——0 v
v
05831 05837
RING
QuaDs ¥
0—
———i())
Dsass

Electrical Characteristics (Typical):

Breakdown Voltage @ 10 mA

Forward Valtage Drop @ I¢ 2.0 mA

Total Capacitance « 0 bias

Dissipation at 25°C

Allowable Junction Temperature (max)

Series Res‘stance

L-Band devices

Vi 4 volts min

V- 0.55 volts max

Cto 0.6 pF max
75 mW

150°C

15 ohms max

Matching Specifications:

Pairs AVF = 15mV max @ Ir = 2mA

Quads (all ‘our diodes matched to within these limits)
AVF=2)mVmax @ |l =2mA

Suggested Mounting Methods:
1. Unmounted chips—Thermal compression bonding—Welding
2. Ceramic wafers, l
Fiberglass
wafers !

—Weiding—Thermal Bonding~Soldering

. ALUMINE
_SIBERGLASS CERAMIC TO 5 HEADER SCHEMATIC
$SOMIL DIA 100 MiL DA
SINGLE % O O
05800 Dssic
PAIRS \\ )
\ l
\
05801 05803 LECI D5814
>< gm)}_@
o—
—————0
05817 05815
05804
QUADS BRIDGE
><
bV
0583 ps8ie

Electrical Characteristics (Typical):

Breakdown Voltage @ 10 uA

Forward Voltage @ =If

2.0 mA

Total Capacitance @ 0 bias

Dissipation at 25°C

Allowable Junction Temperature (max}

Series Resistance

Vg 4 volts min
Vg 0.5 volts max
Cto 1.0 pF max
100 mW

150°C

10 ohms max

Matching Specifications:

Pairs
AVE=13mVmax @ Ir =2 mA

Quads tall four diodes matched to within these limits)
AVr mVmax @ Ig = 2mA

Suggested Mounting Methods:

1. Unmounted chips—Thermal compression bonding—Welding

2. Ceramic wafers, 1
Fibergless 3
wafers !

—Welding—Thermal Bonding—Soldering
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Elched 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 chemiecally 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.

'//4"// 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 {L 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
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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 temperature range.

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

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
period of time that is required to reach a typical operat-
ing temperature. While this assures color purity at stand-
ard operating temperatures, it occasionally results in
blotches of improper color, particularly at the outer
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 heams precisely
onto the screen phosphor dots because of lateral expansion
of the mask.

But if the aperture mask moves loward 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.

CIRCLE NUMBER 305

With Sylvania's temperature-compensated shadow mask, alignment be-
tween efectrons and phosphor dots is maintained over the entire screen
area for constant color purity. Poor color quality can result from thermal
expansion of the mask (shown belowj.
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Golor 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 6LR6 horizontal
deflection amplifier tube: it provides an > ratioof 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 6LR6 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.

J. W. Ritter
Marketing Manager, 0.E.M.

This information in Sylvania 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!

'y ~ - 1 M‘: ‘1‘ _". u

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 otfer which is not represented by greater value in
the A-B modular design—and the latter is vastly more flexitle.

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 vour clectrical 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 vou lots of time and lots of money
—providing all costs are taken into account that you have
to reckon with when vou buy a factory desigred 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 asscmbled in several sections
—to fit any space that you have available—it can be
installed around corners!

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

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,
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
anvthing 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.

f¥) ALLEN- BRADLEY

s67m.1 Nevi

QUALITY MOTOR CONTROL
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Sure way to target in
on all your toggle needs.

Call MICRO SWITCH!!

You'll score cvery 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, clectric memory, and dry
circuit capabilities.

Many in the MICRO SWITCH linc 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 engincering 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,
call a 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
%" behind panel), yet they provide good
operating feel and 35° toggle travel
Molded-in terminals. Lever seal and op-
tional panel scal. Versatility, too: % or
134, 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 scal-
ing requirements of MIL-S8-3950. Casc
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 assemblics.
Miniature, standard, or pull-to-unlock
levers. Momentary or maintained con-
tact action 2 or 3 position levers. ¥4 or
1/ inch bushings. Up to a dozen or more
precision snap-acting Type SM basic
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switches. cach 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 14 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 clectrical release. Environment-

C// %>\
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FREEPORT,ILLINOIS 61032

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 scaled (MI1L-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
cdge-lighting and engraved legends, or
transparent button for removable legends.
Above-panel or flush-panel mounting.
Same circuitry and rating as Type TL.

8. Panel scaled toggle switches, Type TS
—Rugged construction, vibration and
shock resistant. Sealed lever, plus panel
scal (MIL-S-3950B). 1 or 2 pole, 2 or 3
position. UL and CSA listing: 15 amp.
125-250 vac, Y4 hp 125 vac, 1 hp 250 vac.
Solder, screw, or quick-connect terminals.

MICRO SWITCH

A DIVISION OF HONEYWELL

Circle 37 on reader service card

HONEYWELL INTERNATIONAL « Sales and service offices in all principal ¢ities 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
circuit connector that meets MIL-C-21097B. Tab
housing of diallyl phthalate or phenolic is clinched and
soldered to the daughter board. Receptacle

contacts are crimp, snap-in type. Contact options
include wrap posts or solder tabs.

o B ! ) P!
| -.‘ )
Fork-contact connector. A one-piece polysulf

connector with eggcrated contact cavities:

up to 33 positions. Capability for .100” center spacing.

Improved fork contact design with large curved
contact surfaces for smooth insertion and excellent
conductivity. Crimp, snap-in contacts.

Leaf-type connector. A one-piece connector for
single or double-sided printed circuit boards. Snap-in
leaf contacts lock in place on .156" centers, maintain
constant pressure on circuit paths. Contact tail end
options include crimp-to-wire, wrap post or solder
tab. Housings of diallyl phthalate or phenolic

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

(]
’
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Right-angle connector. Compact one-piece connector
saves space in sub-assemblies on vending machines,
appliances, etc. Right-angle board entry facilitates
compact cabling. Housing may be keyed; slips on
board edge. Recessed snap-in fork type contacts:
available in 3 to 22 positions.



the printed circut.

TERMI-TWIST* Connector. This connector

combines economy and reliability with highly efficient
application tooling techniques. Closed entry dially!
phthalate or phenolic housings accept boards from
.054" to .07 1" 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.

Box-contact connector. A superior two-piece
board-to-board or board-to-wire connector provides
high density with low insertion and extraction forces.
Unique contact design allows wide mismating
tolerances. Ten to 180 contacts on .075" centers.
For black-box, computer and other high reliability
applications. Exceptional low cost for exclusive
features incorporated.

Part of a complete line of AMP-UNYT* printed circuit
connectors available from AMP . . . Worldwide.

*Trademark of AMP Incorporated

A full range of semi-automatic and fully automatic
machinery is available for high-volune production
and lower installed cost. AMP’s large assortment

of printed circuit connectors permits proper selection
of the best connector for any requirement. Matched
tooling plus advanced engineering give you
unsurpassed performance, economy and reliability.

For detailed catalog information on these products,
contact AMP Incorporated, Harrisburg, Pa. 17105

Circle 39 on reader service card



Put noise

to work

!", IT22A NDISE GENERATOR
wEwLsTY Patxary
SEQUENCE LENGT™
"
e

¥ 3935233 2.

DC to 50 kHz, HP now offers calibrated, repeatable noise patterns, random
or pseudo-random, constant power and excellent Gaussian distribution.

EXCELLENT GAUSS!AN
DISTRIBUTION

Using HP 5400A
Multi-Channel Pulse Height
Analyzer, +250 mw;

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

The Hewlett-Packard 3722A Noise Generator now lets
you harness noise so that it becomes a defined and cali-
brated input to your system. It allows you to synthesize
and reproduce at will 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 sclect-
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 noisc 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 mitlisec/cm;

Noise Generator:

sequence iength, 1023;
clock period, 1 usec.

Ideal for such applications as control system response
measurements, communications testing, acoustic measure-
ments, temperature and flow fluctuations, study of air,
water and carth turbulence—and other real-time analog
simulation. HP 3722A, $2650.

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

h

SIGNAL SOURCES
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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 cclor-coded JA's on your equipment
pane! 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 He nemann’s kind of hydraulic-magnetic
proteztion woiking 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. Jcb-ma:ched overload re-
sponse curves. Special function internal
circuits like relay-trip, auxiliary-switch, and
so forth. Multipole models for multipte pro-
tection requirements.

And a five-year warranty.

We think maybz 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.

4056 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 ingnediont & cane!
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State-Of-The-Art  State-Of-The-Art State-Of-The-Art State-Of-The-Art

Gain Current Efficiency Voltage
200-800 @ 5A 100 Amperes (peak) 75 Millivolts (typ) 325 Volts Veex
2N2912 @ 5.5V—2N4283 Vg @50A—2N2728 @ 7 mA—2N5325

HOBOROL
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.

Wwith 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.

MOTOROLA

Semiconductor Products Inc.
P.0. BOX 955 L4 PHOENIX, ARIZONA 85001
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- DIGITAL OUTPUT - : MULTIPLEXER #

L L L L LLLL & (£ & &

5,6 5-7 Fo-8 5-9 510 511 H-12 5-137 514

32 16 8 4

IVERT CLEAR STEP

4 ® ®

MD51 ML

It’s the fastest.
It's the most accurate.

The M D531 is a high-level 64 channel onds max. and an accuracy of 0.01%.
multiplexer, a sample and hold ampli- And it sells for under —
fier and a 15-bit A to D converter, all  $10,000. If that doesn’t S D S

in a single chassis. It hasa total sample say it all, write for the
and conversion time of 10 microsec- rest. Santa Monton: Cantarmis
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Dackscatter immediately in front modifications that will enable

Oceanography

Underwater eyes

Oceanographers have long consid-
cred 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 cye.

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 arc
synchronized with the camera’s on-
off switching—when the laser is on,
the camera is off. After the beam
of cohcrent light has traveled to its
target and back—usually in nano-
scconds—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 fect, is
currently nndergoing tests at the
David Taylor Model Basin in
Carder Rock, Md.

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

Kollsman is now working on

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

Avionics

Multiplexing the LS| 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 alrcady is. [For morc on
multiplexing in airplancs, 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 1C’s.”
The most sophisticated chip in the
Autonetics system, the Mod 2, is a
monolithic 110-by-116-nil 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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vice that contains 300 field effect
transistors in a hybrid thin-film
package L78 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—cach 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. Autoneties nses
bipolars and discretes in its mod-
ule, too.

Random access. The Mod 2 can

Electronics Index of Activity
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150

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
\iOS chip.

Says Fox: “You won’t find any
analog-to-digital  converters  this
small with this accuracy. Nov 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-lcad  thin-film
packages. one contains the logic.
level translators, 22 bipolar 1C7s—
diode-transistor-logic NAND  gates
and Aflip-flops—four discrete tran-
sistors, two discrete  capacitor
chips. and several nichrome resis-
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1966 1967 1968

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

electronics 121.7 121.6 120.2
Total industry 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
of the base period. Data is seasonally adjusted.

* Revised
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tors. .\ sccond 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 cight differential chan-
nels is provided in the monolithic
MOS ICs.

Versatile. ““Besides multiplexing
analog signals.”” says Fox, “the MOS
¢hip can operate as a function gen-
crator—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. Tt has storage and decision
capabilitics, 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
alrcady at work on a new \MOS chip
that Fox says is cven better than
the one used in the Mod 2. Tt will
dissipate just 50 milliwatts vs. the
Mod 2 chip’s 250 myw.

High lighting

Lear Sicgler 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
pancls, but it also made the panel
casier to rcad 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 pancl, the
instruments were lighted by incan-
descent bulbs and the moving dis-
plays were operated by a maze
of servomotors, gears, tapes, and
pullevs.
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Shadowy. A major problem in
using clectroluminescent panels in
aircraft is that simlight tends to
wash them out. Lear Siegler wasn’t
particularly  stumped by  this,
though; the finn had been working
for several vears on methods of
increasing the contrast between
lighted and unlighted arcas. 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 ecarth
with two degrees of movement, and
two movable crossbars whose in-
terscction represents the planc.

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
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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.

engincer, “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
arcas. The cffects of anbient light
arc 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 clectro-
luminescent panels is moisture. “If
you look at the electroluminescent
night-light that you may have at
home,” explains Addis, “vou may
notice that after a while a small
dark arca appcars 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-
crate considerable heat.

Beat the heat. Sincc 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
lichting are used in the instrument
pancl—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 clec-
troluminescent segments make it
easier to compare the operation of
the engines, besides heing casier
for the pilot to read. An added ad-
vantage is that limits can be set on
the indicator. If, for example, cn-
gine specd 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
neter’s surface.

But onc area where clectrolumi-
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
pancls 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
clectroluminescent  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
recadied 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-
cred; fewer program interactions
are required. Morcover, 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

Wheream 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 nceded 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-
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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 receciver 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
usc 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
fect. 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
rescarchers at Pennsylvania Hos-
pital and four other Philadelphia
institutions arc 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-
causc the hole is smaller and the
catheter is climinated.

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-
gincers at Beckinan 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 EXG 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
usc 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.

In Palo Alto, Calif., Varian As-
sociates’ Vacuum division has de-
veloped a mecthod 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-? torr, radio-fre-
quency-induced plasma sputtering
will deposit a uniform thickness
on highly irregular surfaces with a
precision of onc 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 cxposure 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

COPPER Py RN
ELECTRODE
SUPPORTS Y

PLATING MATERIAL
FASTENED 7O
ELECTRODE
SUPPORTS

ARGON GAS ATOMS
AND ELECTRONS

COLLIDE, PRODUCING
ARGON IONS

WORK PIECES BEING
COATED

POWER SUPPLY
1.2kW, 13.5 MHz

SHIELD

ARGON IONS ARE
ORAWN TO THE
PLATING MATER!IAL

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 increasc sputter-
ing rates. Hoffman says, “Thesc
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-
Pcak 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
clectronics 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 cxperi-

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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S That’s our Molex Mini-
-/ Connector. It's doing big_
: things. Like saving assem-
bly steps. And time. And
St money. Getting wiring in
..""K place with greater production
efficiency and operational integ-
rity than you might think possi-
ble. Our business is creating these
mini-devices to mest your system
requirements. We take it seriously.
~ .7 And have the facilities, design capa-
o b|||t|es, know-how and everything it takes to
- produce economical connections . . . fast!

If you would like a free sample of our Mini-
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can make connections by
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What do you
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~already making
the world's
broadest line
of TEFLON’
Tape?
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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,

CHR
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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 I’s.

PSK is a little hard to detect
above quarternary, because the
phase angle becomes smaller, but
FSK is practical through 18-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 IC’s,
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 elzztrical
reliability. With far superior ESR
i ISP  to Temperalure charactzristics.
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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 rcach with a probe.

Now, engincers 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, I, 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 exccutives are now thinking
about offering an advanced model
as a product, with a price betiveen
$30,000 and $30,000.

With the aid of a computer, the
enginecr 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-
seribe 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 1C’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 Dbranches, as many as 30
nodes and 40 branches arc possible
~but at a price. Larger sections
lower the efficiency.

The components’ nominal values
and the connections arc 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 onc 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
Iincar 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 cach
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, T'm going to be on the
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HERE'S THE LATEST INFORMATION
ON THIN-FILM DEPOSITION...

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

RF triode sput-

GENERAL

APPLICATIONS

DC triode sput-
tering Metals,
conductors

Laboratory and
fimited production
Ideal with CV-18

tering Conductors,

semi-conductors
non-conductors,

Laboratory and
limited production
when used with

vacuum system PlasmaVac 100

Deposit Metals Yes Yes
Deposit Dielectrics No Yes
DeSp:r:Iii:onductors Some Yes
Deposit Cermets No Some
Deposit Alloys Yes Yes
Deposit Organics No No

Water Cooled Target
(for use of thermally No No
sensitive materials)

Water Cooled

Substrate hio No
Reactive Sputtering No Some
Bias Sputtering Yes Some
Sputter Etching Few Some
Type of Chamber Bell Jar Bell Jar
Multiple Target Yos Yes, with

Sputtering PlasmaVac 100

*Avatlable on special order

PLASMAVAC 300

RF diode sput
tering

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

Yes

Yes

Yes

Yes
Yes

Some

Bell Jur

No

PLASMAVAC 400

Production-type
system with DC
Crossfire™ and RF
capabtlity on in-lhine
basis with air to air
substrate transport

Bridges the iab-
oratory production
interface Modular
concept so process
can be developed
then scaled up to
meet production
needs

Production-type
modular chamber

Yes

PLASMAVAC 501

DC Crossfire **
with rotary work
holder, multipte
targets

Batch-type produc
tion unit for pilot
plant operation

Yes

No
Some
No
No

Low orofile
metal chamber

Yes
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'New
Low Power
AG Sources.

Prices even
lower

350 Va-s1120

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-intensifving tubes
for rescarch. 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
modecl, $3,500 for the medium size,
and 85,000 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,
i's quite a market.” And getting
the price down will be relatively
simple. Tn the military model there
are three image-intensifving tubes.
cach with its fiber opties and
phosphor-coated lens. By climi-
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 1o sell a scope to anvone
who wants one raises an ethical
problem. Says Maj. W. B. Latta.
head of the Army Electronics Com-
mand, the ageney 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 rescarch,
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 Ravtheon Co., and Electro-
Optical Systems Inc, Pasadena,
Calif.—is presumably free to go its
OwWn way.

Weld watcher

TIf 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
arc 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-ravs
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 ...

Volume, weight and shape. Reduce these problem areas, and you've got more laii-
tude to meet restrictions imposed by unusual form factors and limited spaces

available for interconnzctions 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 3anders Associates, Inc.

FLEXPRINT Division, Grenier Field, Manchester, New Hampshire 03103.
Phone: (603) 669-4615.

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

Creating
New Directions
Im Electronics

SANDERS

.| ASSOCIATES, INC.

+1.M.. SARDERS ASSOCIATES, INC. Circle 63 on reader service card FLEXPRINT Ol VvISIO
GRENIER FIELD. MANCHESTER, NEW HAMPSHIRE
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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

®RLG. T.M. WAGNER CLECTRIC CORPORATION
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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 cach 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.

Enginecrs 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-
ont a teletypewriter.

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

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 recturns to
the undisturbed data held in the
first environment. Each environ-
ment has its own particular word-

length control.

Different lengths. By opcrating
in a dual cnvironment, 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, cach en-
vironment contains a 16-bit hard-
warc index register and can
operate at different word lengths.
The user could be processing at
on¢ word length in onc 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-bytc 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, fcatures that
Thomason maintains are uncom-
mon in systems available at this
price level.

For programing case, 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 cach program has its own
set of registers, response to inter-
rupts is rapid and multiprograming
is cfficient, 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 Alip-
flops. Diode-transistor logic is used
in the control circuitry.

Two-dimensional. The memory
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RF Vector Impedance Meter with direct readout simplifies testing

“
Lo

-

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 corvenience of probe measurement and direct
readout make the instrument equally useful for laboratory. receiving inspection
or production line measurements. Tne 4815A reads complex impedance over
its full frequency range without charts. data interpretation or a slide rule. As a
result. it offers fast, accurate evatuation of the complex impedance of bath
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,

For your copy of this note and complete HEWLETT hp PACKXARD
specifications, pleasc contact your local f

Hewlett-Packard field engineer or write:

Hewlett-Packard, Green Pand Road, IMPEDANCE INSTRUMENTS

Rockaway, N. J. 07866.
Circle 65 on reader service card
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NEW

SOLID STATE
POWER
PACKS

for

regulated
low voltage
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:
B 0.01% LINE REGULATION

® 0.05% LOAD REGULATION
B 3MV PEAK TO PEAK RIPPLE AND NOISE

® NEGATIVE 0.015%/°C TEMPERATURE
COEFFICIENT

® LESS THAN 0.2 OHMS OUTPUT
IMPEDANCE

® TEMPERATURE OPERATING RANGE OF
0°C 10 55°C

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

Plastic. Coparitons

2620 N. Clybourn Chicago, lIl, 60614
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is a high-speed  random-access
unit. It can be expanded from 4,096
cight-bit bytes to 32,768 bytes, and
the memory cyele 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 ont 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 simultancously. But with
the 1.5-psec switching time, he
says, one can transfer to a diflerent
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 necarly $35
million in damages from the Hazel-
tine Corp. and its subsidiary, Hazcl-
tine Rescarch Ine.

Zenith was originally  awarded
this amount back in 1965, hut 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 Rescarch with violation of
the antitrust laws in the use of its
patents.

Zenith claimed that Hazeltine is-
sued some 3500 patents to pools
maintained by U.S. and other com-
panies manufacturing in Britain,
Australia, and Canada, and that
this pooling svstem 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 Electronies Inc.,
Baltimore, has developed an elee-
tronic bartender for the home,
vacht, or executive suite. The unit,
called the Bar-Tronic and selling
for $5.000, can pour any one of 24
drinks in four seconds. Tt holds
15 ingredients, mixer dispensing
cquipment, and is refrigerated. The
Bar-Tronic can mix its 24 drinks
automatically by preselected  dial
settings, or an almost limitless va-
riety of drink proportions using 25
pushbuttons to choose separate
quantitics of cach 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 Dicgo
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 Eleetronic Data Processing
division, which will be moved from
two plants at Newton and Law-
rence, Mass. A Honeywell spokes-
man says the San Dicgo plant staff
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
Sicgler Ine’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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Linking soldier to satellite . . .
that’s the job for these sevente=n
low-power TTL integrated circuits

from Texas Instruments. They help
form the ‘‘intelligence center' for
an Alert Receiver Terminal — part
of an advanced new communice-
tions system being developed Jy
Collins Radio Company for t12
Tri-Service TacSatCom (Tactical
Satellite Communications) pac-
gram. Prototype receiver terminals
are being built for the U. S. Army
under a Tri-Service contrect
administered by the U. S.

Air Force's Electronic Systems
Division. Collins engineers use 5L
circuits ir achieving a portable ad
lightweight receiver capable of
unscrambling messages from a
sazellite 22,000 miles away.
Weighing only 12.8 pounds (w th
battery) and just 8” by 11” by 2"
in size, the Alert Terminal is
designad for battlefield use. Itis
made to go where the soldier goes
— detecting, decoding and verifv-
ing satel ite-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 SNH4L20 dual 4-in-
put NAND gates, and one
SN5H41.30 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 H4L 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
541, 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”7 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
dissipatior. 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-funection circuits.
These inciude a dual J-K master-
slave flip-flop (SN54L78/74L.78) and
an eight-bit shift register (SN54L-
91/741.91). Together they now bring
the extra reliability and lower
cost-per-function of complex-funec-
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, 'U
P. 0. Box 5621, MS 980, [L,C

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- 2

ted, P. O. Box 5621, f(HJ/-

MS 980, Dallas, Texas

75222,

TEXAS INSTRUMENTS

INCORPORATED
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This Dialight demonstrator unit shown actual size) 1s avatlable for your personal evaluation F

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

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 ot 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.
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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
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uP TO
T EF TRl 3 B
i “"""w;, |

gl = N .‘..\.‘.. -- ~

. 'y
b Dvd Y

OUTSTANDING PERFORMANCES
IN SSB COMMUNICATIONS — TROPOSPHERIC SCATTER LINKS — RADARS

THE MOST ADVANCED TECHNOLOGY *¥* — THE LOWEST OPERATION COST

. 12 kW 25 kW &
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VAPOR COOLED
% Special grids patented ASK FOR SPECIFIC DATA SHEETS
THOMSON HOUSTON - HOTCHKISS BRANDT

ELECTRON TUBE DIVISION 8, RUE CHASSELOUP-LAUBAT - PARIS XV* - FRANCE - TEL. : 566.70.04
THOMSON ELECTRIC Co INC. 50 ROCKEFELLER PLAZA - ROOM 916  NEW-YORK. 10020 N.Y. US.A.. - Phone : (212)245.3900
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The Fairchild 8000A Logic Card Test System
will test almost any complex circuit you've
got. LSI. MSI. Thin-film circuits. Anything.

- '
Logic tard test system. | o
capability can be expanded to 144 pins.

""I"u-mi“inn And, every pin has its own comparator.

There's no faster, more economical way to

tests u semnd: functionally tast complex devices or printed

circuit cards. Why not call Fairchild collect
,ss nnn and get all the facts. Qur number is (408)
y . 735-5461. Ask for Ulrich Kaempf.

6..@...‘.&0&.‘

b, '

FAIRCHILD INSTRUMENTATION A Division of Fairchild Camera and Instrument Corporation 974 East Arquas Avenue. Sunnyvale, California 94086 (4C8) 735-5461 TWX: 910-333-9217



SOLID STATE VTOs
OCTAVE RANGES
10 MHz - 5.2 GHz
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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 VTMs 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

o Send for our new 68 page

\\\\\\\y\,“;!‘\“‘\“" S catalog of OSM® Solid

= et “\ State Devices, Compo-
nents and Connectors.

Omni

SpeCtl'a, InC. Arizong Division
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Proven...better, faster, more economical scribing

THE TEMPRESS AUTGMATIC SCRIBING MACHINE HAS
FULFILLED THE PROMISE MADE WHEN INTRODUCED . . .
NEW EFFICIENCY FOR 3SEMICONDUCTOR 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 “amily of Tempress miniature assembly tools
and production machines.

TEMPRESS

Temprass Research Co., 566 San Xavier Ave., Sunnyvale, Caiifornia
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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-t0-32 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.
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-
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u MERRIMAC RESEARCH AND DEVELOPMENT, INC.
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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?

Only ITT registers TTL masks to * 120 atoms.

Unmatched uniformity of ¢ Low power discipation . . . about
performance. half that of SUHL Il and

Ideal speed . . . faster than Series 54/74H.

SUHL | and Series 54/74, but Get the real inside story on TTL from
slow enough to keep existirg ITT. Ordar some circurs . . . and test
PCE layouts working. them. Cezll your ITT distributor for
Diode input clamps . . . eliminate off-shelf delivery, o~ contact the ITT
ringirg factory representative for production
Competitive pricing with SUHL ! quantities. ITT Semiconductors is
Series 54/74 and other division cf Internatione) Telephone
TTL circuits that don't oifer and Telecraph Corporation,

the same degree of cortrol 3301 Electronics Way,

of mask tolerances. West Palm Beach, Florida

semiconductors ITT

FACTORIES IN WEST PALM BEACH. FLORIDA » PALO ALTO. CAL FORNIA * LAWRENCE MASSACHUSITTS » 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

e

1tx 16000

2 (&)
A ) 4 _’_

—)

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

MER
Wt
RE

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 p|||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-band, 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.

. Vg ~of* «
: . s -10 “ s
Sorensen QRE Series for IC's:

[] 10. sec adjustable “Crowbar’ over- (] No turn-on/turn-off overshoots
voltage protection

[ Voltage Regulaticn: -0.01% fcr maximum [0 Remote Programming

line and |c.>ad changes combined [] Remote Sensing
[] Voltage Ripple: 300.V r.m.s. (3mV peak-
peak) max! [] Ambient Temperature: —20 to +71°C
Output Contact your loqal
Model Voltage Output Current Range @ Ambient Size (inches) igre;‘:;?her::r%s:r:?at::
Number Range @ 40°C @ 50°C @71°C h w d | Price Sorensen Qperation,
QRE 10-2.2 | 0-10vdc 0-24C 0220 0150 | 3% 5% 8% | $135 Richards Ave.. o ™'
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 0-6.60 312 19 13V | $295
QRE 7.5-20 | 0-7.5 0-20.0 0-20.0 0-13.0 5% 19 13 $465
QRE 7.5-50 | 0-7.5 0-50.0 0-50.0 0-33.0 5% 19 15% | $645 j

for more data on this versatile instrument . . . C(lll Sorensen: 2“3-838-6571
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JFo ANN0UNCES ...
deLay Ling

SERIES...

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 59 of rating in most
models.

Lumped Constant

JFD lumped constant Delay Lines are compact in size Illustrations shown 115 actual 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.

o "TODAY'S COMPONENTS BUILT FOR TOMORROW'S CHALLENGES"

’FD IFD 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
rcader is designed for a minimum life
of 10,000 hours. In typical rcader
applications, minor failurss would be
expericnced 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" -
characters per second and ) g
featurc a compact, self-con- /
tained design, low noisc level |

and essentially zero prevent- {

ative maintenance. Heart of

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

Tape loading is casy and fast.
Reeling tension arms can be locked
Lpright for convenient tapc thread-
ing. Rewind is bidirectioral at 40

~ inches per second.
e e For full price,
-~ delivery, and tech-
g ’ aical information,

) .' pleasc write Tom
o Tracy, Tally Corpo-
ration, 1310 Mercer Strect, Scattle,
Washington 98109. Phone: (206)
MA 4-0760. In Europe and the UK.,
address Tally, Ltd., 6a George Street,
Croydon, Surrey, England. Phone:
MUN 6838.

Now, the read head w#h the two-year warrar ty, that's why we call them . ..

The Long Distance Runners...

TALLY



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 9550A Sweep Function Generator sweeps from
OlHz 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 3550A’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 ‘requency 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,
Denver, Colorado 80217.  Hlomeywell

Honeywell engineers sell solutions
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Lt / Silicon
. Controlled
- \ Rectifiers

55 Amperes RMS
25 to 1200* PRV

Also
Available
In Flag Type
*1300 VoIt Transient Rating

S e e o o B s St e o o o e e o T S o o o o et o e S e P o o o S o i o o e -
I Please send information on: =
I SYNTRON Name/Title. [JSeries35C-BSilicon |
: m A DIVISION OF Controlled Rectifiers I
CARPORL N FMC CT‘ORPORATION Company ‘ T T T J Silicon Rectifiers i
| ® 241 Lexington Ave. |
| Homer City, Pa. 15748 Street. _ 3 Selenium Rectifiers i
| Telephone 412—479-8011 I
| City, State Zip ) 3 Selenium Surge l

- Suppressors
| ppress 68R6 |
e e e ot o e o e S S P e P o P o G P o e e o o S S S o s o e S W (B B S e e S S = —
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new options in

BELL & HOWELL

—>

SHOWN
ACTUAL
SIZE

Ll'ype 20-007 (general purpose Optimal Op Amp). same size

Type 20-008 (FET input Optimal Op Amp) )

OPTIMIZED
OPERATIONAL
AMPLIFIERS

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 DIVISION

3 BeLe Howew

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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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?)
» 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 nV 1 mVv
voltage offset vs. temp. 5uV/°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
initial voltage offset {(max.) 500 uV 1mv 2 mV
voltage offset, vs. temperature (max.) 5 uV/°C 10 uV/°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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TRW

METALLIZED
POLYCARBONATE
CAPACITORS

...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 Rw
capacitor on the market! TOLERANCE —available to =1%. ®
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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 {lame 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 ne294,
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 silicones offer the best combination of desirable G E N E R A L @ E LE c T R I c

values in insulation,

Use GE flame-retardant silicones for...

Potting applications Contormal 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 10% less.

The Quiet One is Temp-Matured

... a break-through process of

precisely timed, heat maturing

‘J created by Clarostat. It makes the
__ entire assembled potentiometer

homogenecus and strainfree

—~~ throughout.
>~ It's quietly revolutionary.

 CLAROSTAT



SPECIFICATIONS

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. [t 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,

SIZE: 146" DIAMETER

RESISTANCE RANGE: 100 OHMS TO 5 MEGOHMS
RESISTANCE TOLERANCE: +109% THRU 0.5 MEGOHMS
POWER RATING: 2 WATTS (SINGLE CONTROL
LINEARITY: +5%

WORKING VOLTAGE: LINEAR 500 VOLTS D.C. NON-LINEAR 350 VOLTS D.C.

NOISE: LINEAR SINGLE CONTROLS MAXIMUM INITIAL NOISE LEVEL OF 19 OF R,
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
percentage of the total resistance
measured over the nominal effective

i BHHS S s i rotation.
VOLTAGE COEFFICIENT: 0059, VOLT MAXIMUM
EFFECTIVE ROTATION: 270° 4+ 0°—10°
ELECTRICAL ROTATION: 312° 4+ 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.

CLAROSIAT



Two new tachometers
with hardlyaripple

By adding a printed armature tachometer fo a printed
armature servo motor, PMI/ has created two unique
designs that provide low ripple velocity feedback.
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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.
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T \
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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 V4"
aluminum casting.

~— Circle 92 on reader service card

Mail this coupon — for [T T T T -1|
ai 1 2
information and litera- } PRINTED MOTORS, INC. |
ture on these exciting || 33 Sea Cliff Avenue, Glen Cove, N. Y. 11542 |
new tachometer devel- || =
opments. I Dear Sirs: Please send me information on your new printed armature tachometers. |
{ O Integral Tachometer O Low Inertia Tachometer l
' |
{ NAME TITLE |
PRINTED | comPaNy ‘
MOTORS, INC. } |
GLEN COVE, NEW YORK 11542 |  ADDRESS ll
Engineeriggé Maméfa_cturing { |
PHOTOCIRCUITS 'CorporaTion | CITY. STATE/ZIP |
GLEN COVE, NEW YORK | J|
[ —————— PP Py
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S fast, effective ways
to stop EMI:

T you |
want to shield...

Communications ) Metex “Zip-Ex"'® zip-on metallic sheath.
b US@ Provides 100% reliable electromagnetic
shielding. Knitted mesh sheath zips on any
shape before or after installation.

Switches/ Metex Flex-Shield shielded rubber boots

A etex Flex-Shield shi oots.
pUSh buttons " 3 U Se Metal mesh, molded in flexible rubber,
(also keep out é gives maximum reliability against RFI-EMI.
moisture)

Electronic equipment
(and vent it, too) ... Metex Shield-Cell honeycomb panels.
: < It's designed to meet specific attenuation
U Se requirements over specified frequency
ranges. Many standard sizes and
materials are available.

Access

doors S Metex Pola-Stick
' Wire imbedded in silicone.
U Se Pressure-sensitive adhesive keeps it
securely in place during and
after installation.

Shield-Vu™ Metex

Use Your choice of monel, low carbon steel
or etched metal laminated in plexiglass.
Any color, size, or shape.

. UICK I | (201) 287-0800 for design engineering service
: Ca (for your rush rush requirements)

For Free Samples, Prices and Literature M ETEX Corporation

8
on any or all of these EMI shielding 970 New Durham Road, Edison, N, J. 08817 Hu
materials—or for technical assistance on (201) 287-0800 » TWX 710-998-0578 "\
your particular requirements—write: West Coast: Cal-Metex Corp., 509 Hindry Ave 8!

Inglewood, Calif. 9030 a!
103 (213) 674-0650 * TWX 910-328-6100 H
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Military and aerospace
equipment demands proven
reliability. Thats w
Dytronics specifies capacitors
of MYLAR

Dvtronics Co.. Inc.. of Columbus.
Ohio. makes Primary Phase Angle
Standards that arc used all over the
world in all temperature extremes.
lach precision unit uses 70

components we select. Hundreds

of our Primary Phase Angle Standards

are in militaryv usage. and we are not

aware of a single failure of capacitors
of MYLAR.ave feel that this is

capacitors of MYLAR® (T bty evidence of both the reliability
polvesterfilm. Why | $ o I 1 and performance of MYLAR
NMYLAR? Here's what Paul [w e g, | and we find that capacitors of
Ryvan. President, had i ~ 47 | \iviaRcostabout the same
to sav: "Mi_lilur\'_nml major 29999499 i as those made ol paper.”
acrospace facilities cannaot dopg™ o MYLARoffers thermal
aftord equipment failure. 50s stabilitv from —70° to +150° C.,
and we must be sure of the ..‘: L AT plus excellent resistance to
28¢5 R \ most chemicals and moisture
KIIY
| ... '] & ~
~L20 LT
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AMYLAR has high tensile and dielectric
strength. Its unexcelled thinness has
enabled manufacturers to reduce size
and weight in capacitors.

Isn't that reason enough for vou
to consider capacitors of MYLAR in
vour designs? For additional informa-
tion write to Du Pont. which offers the
thinnest. most versatile ringe ot
capacitor dielectric materials available.
\ddress: Du Pont Co.. Room
5852B, \Vilmington. Delaware 198498

AUPIND MYLAR

A tvpical part of the Primery Phase Angle Standard
shown above with four capecitors of MYLAR (green).
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R.F. ATTENUATORS,
ROTARY

Featuring the uitimate 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 Oldb 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) 357-8787
TWX: 810 - 347 - 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 developnent 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 scaling 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
R IC’s. Most of the work on the latter is still in the

o\ 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, cven 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 clectrical engi-
neering and the English language
was begun in Greeee 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 Carnegic Institute of Tech-
nology. He taught at Carnegic un-
til 1957, when he became a pro-
fessor of applied science at George
Washington University.

Pioneer. D¢ Pian, now chairman of the clectrical engineering depart-
ment at George Washington, wrote “Lincar 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 scnior staff cengineer at Avco’s
nuclear-cflects section, he says: “For now, the only way to get infor-
mation is to talk direetly 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 sces some hope., “Since the Government's
requirements for future systems will include radiation specifications,”
says Karpowich, “the nced for radiation testing will rapidly increase.”
He fecls that the Government—particularly the military—is beginning to
look at radiation cffects 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-cffects section at the
Aveo Corp.’s Missile Systems divi-
sion, he fecls 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 cffects 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-
licves most cngincers 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.

Gencral Electric’s  vibrating rate
sensor  has been engineer Bill
Gates’ baby for the past 2% 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 devclopment of
clectrostatic gyros, a d-c¢ brushless
torque motor, and optical inertial
tracking systems for space vehicles.

IIe’s been with GE since 1960,
even before he got his bachelor’s
degree in cleetrical engincering
from Rens-
sclacr Poly-
t ¢ chnic In-
stitute in
1961. He
carned a
master’s de-
gree in en-
gincering
from Union r ®
College two

P
\
vears later. \ ‘
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From Y5 watt to 7 watts, Mallory gives

you fast delivery on a wide range of

= L. o metal alloy and metal oxide film

i resistors. For high precision, Type

- MAF +0.25%, =0.5% and +1% in

LW and 14W. For semi-precision,

Type MAL +2% and £5% in 1,W. And for premium performance at
low cost, Type MOL, +10% 2W to 7W. All Mallory film resistors are
100% inspected. For details, write or call Mallory Controls Company.

MALLORY CONTROLS COMPANY

a division of PLROMALLORY & CO.INC.
Hox 231, Frankfort, Indliana 46041
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Boost IC op amp
power with
Helipots miniature
hybrid

| [ |
===
HELIPOT DIV | )
| | 82l ., Actual Size

2.5 watt output ~~. Here’s a typical hookup:
30 MHz bandwidth N
. ~~L .00—
16V voltage swing B ﬁign(t)i(t)y. 1Dteoli3ered
less than 90° phase shift i I ~~ , from stock
-55to +125°C operation e ii L - Y
foldback short circuit immunity /I,// ]
* protects op amp and power Pt :
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 gain 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 —
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.
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FULLERTON, CALIFORNIA » 92634
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Electroni Integrated-circuit technology holds out the
lec r(anCS same promise for microwave circuits as it

1L

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.

No longer a theoretical device, the gyrator is now being used
in many applications to climinate 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
piczoelectric 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 accclerometers.

Color-television reccivers 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, sct makers are working to improve color tun-
ing and picture quality, though black-and-white sct 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
suminer.

In the next issue, a way of producing real-time pictures of
microwave ficld 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 1IC 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 ICs—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 clements.

And becausce 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 sccondary 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
engincers have been employing solid state devices
since 19538, 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 clements. The C’s of 0.2 to 0.75
picofarad and L’s of 0.1 to 1 nanohenry associated
with the 0.03-t0-0.75-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 phasc shifters. And semiconductor mak-
ers, to case 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
cmploy  distributed clements in which the total
clectrical 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-cle-
ment lengths must be less than 1/16th of a wave-
length. As the wavelengths get shorter, lumped cle-
ments become too small to fabricate and the desired
clectrical 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

Circulator. This X-band, four-port circulator uses 20-mil
thick alumina and handles 500 watts peak with an 0.8
db transmission loss and 0.4 db reception loss. The
circuit provides 40 db isolation over a 259%, bandwidth.
Magnets are located below the ferrite disks, which are
mounted in holes in the ceramic. The ceramic is 1 inch
square. Thick-film techniques are used.

Switch. An L-band single-pole, double-throw
switch handles 2 kilowatts peak power at
0.001 duty cycle. The alumina board
measures 2 by 2 inches and is 60 mils
thick. Conductors are deposited on the
board by thick-film process. Signal input

is through the center conductor and shunt
diodes direct the signal to one of the two
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.

Electronics | June 10, 1968
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Microwave IC materials 1
Dielectrics Coefficient | Thermal Resistivity | Dielectric § Conductors | Coefficient Thermal
of expansion | conductivity | (chm-cm) |constant of exPanslon conductivity
(10-6 cm/ (cal/cm2/ (e) (10-5cm/ (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 ~25 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-

LOSSES-db/ WAVELENGTH

FREQUENCY - Ghz

Lower loss. Because of alumina’s high resistivity, its
losses are low—lower 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-ic 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,Oj3, 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
DESIGN DATA

MICROSTRIP
FABRICATION
PROCESS

Inputs. What it takes to make an IC.

Electronics | June 10, 1968

WAVEGUIDE

— — — MAGNETIC
FIELD

ELECTRIC
FIELD

MICROSTRIP

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
INPUT —

FOUR-PORT _
CIRCULATOR

TO
ANTENNA ~—

POWER SPLITTER LIMITER SIGNAL MIXER

A X-band receiver in IC form.

AFC I1-F PREAMP

FILTER

AFC I-F QUTPUT

L-BAND
OSCILLATOR

SIGNAL I-F QUTPUT \

SIGNAL I1-F PREAMP 6-TIMES MULTIPLIER

IC receiver compared with waveguide receiver.¥
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\

\
DC CONNECTOR
(HERMETIC SEAL

- HOUSING

A
MICROWAVE CONNECTIONS (HERMETIC SEAL)

Entire IC package.

AFC
COUPLER

TO
ANTENNA

AFC SIGNAL
Ik I-F
PREAMP PREAMP

AFC SIGNAL
I-F OUTPUT I-F QUTPUT

Functional arrangement.

Space saver. Measuring only 2 by 3 inches on a 20-mil
substrate, microwave |C 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 arca needs.

Thickness has little cffect on guide wavelength,
which is a function of both the diclectric 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
cither 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 cither 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 Dolted into cither a brass, steel, aluminum,
or Kovar box. Radio-frequency and d-c connectors
are affixed, and a cover is welded on.

For 1C packages with a diameter of more than 1
inch, heliare 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, heliare welding can
be used, but soldering is more common.

For smaller packages, projection-type welding
is used.

Today and tomorrow

Engincers 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 Morcover, 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 Mz, 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 microminiatare de-
vices. These circuits are usually made up of lumped
clements 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 1C’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-clement fecedback 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 cxcessive for center conductors of the
microstrip line, or power losses too high—or both.
Engincers 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:

* Opcrating 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 cle-
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
SCIVC 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;
gencerators, 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
cither pinning the board to the carrier with eyelets
or inserting spring contacts between the box and
the ground plance. For lower frequencies, vswr’s of
L5 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 carricr, 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 he 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. Aluininum poses difficultics in her-
metic scaling and connector-lid joining, and often
requires special surface treatment and soldering
fluxes. Kovar’s and alumina’s cocfficients of expan-
sion arc a good match. Connections to the ground
plane should be made at many points.

Consider a recciver front end for an X-band radar
as a typical example of the integrated approach.

The recciver 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

P

ALUMINUM DEPOSITED

- e

TANTALUM SPUTTERED AND DEFINED
PHOTOGRAPHICALLY

.

TANTALUM SELECTIVELY OXIDIZED

- ===

CHROME - GOLD AND GOLD PLATED
SELECTIVELY PLATED FOR TOP
ELECTRODE AND CONTACT

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.

CERAMIC

|

CAPACITOR PLATE IS ADDED TO CERAMIC

|

BaTiO3 DIELECTRIC GLASS ADDED

1

CAPACITOR PLATE ADDED

OVERLAY OF PROTECTIVE GLASS

Capacitors in thick-film process are
formed by application of high
dielectric constant barium-titanate
glass, firing, and applying top
electrode. Protection js rendered by
cover glass coating, which is also
fired. Gold plating is subsequently
applied to accommodate chip
devices.

CERAMIC

DEPOSIT LAYER OF NICHROME OR
TANTALUM

L

DEPOSIT THIN LA?ER OF GOLD

PHOTO RESIST PATTERN AND PLATE

STRIP PHOTO RESIST AND THIN GOLD
LAYER

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 noisc 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 cither through the ceramic or to the box wall.
Since the diode multiplier handles only 200 mnw, it
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can be a series clement 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 noisc 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

107



|

CERAMIC

METALIZE WITH S{LVER SOLUTION AND FIRE

Depositing thick and thin films

Film making: Starting marterial can
be either a 969, 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

AT

L

CERAMIC

METALIZE WITH THIN LAYER OF
CHROME-GOLD (EVAPORATION)

MASK AND DEFINE CIRCUIT

PLATE CIRCUIT

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 arc
used to cnergize the ferrites. As a rule, the magnets
arc located bencath the ferrite to allow case 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-
causc 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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the passive formation.

PHOTO RESIST AND GOLD PLATE

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.

| INSERT CHIP DEVICE

STRIP RESIST AND CHROME-GOLD LAYER

INSERT CHIP DEVICE

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
cither 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 ICs. 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 lcad to a metalization pattern,
just as it has been predicted for digital engincers
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
cnough energy in the transient to deflect the moving
coil in a voltmeter, engineers often spend long hours
scaniting an oscilloscope in hopes of sceing 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 lTow 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, Re, Ry, and R, 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 R, drives Q; into saturation and
causes C; to charge through R; until its voltage is
equal to Qy’s base voltage. Although Cy 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 Qi, an cemitter-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 cffect
transistor, Qj, in conduction foran 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-

l9v d-c

Q3
2N3819

)
LAl

MICROAMMETER Cs

A A 4
DELAY & RESET
10k G2

0.5uf HOLD
10M 100

Re

Sy

——————
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tion of the microammeter’s needle. The needle re-
mains deflected as long as switch Sy is in the hold
position. A fast or slow return of the needle to zero
is achieved by switching to cither the reset or decay
positions.

Potentiometers R; and Rg are used in calibrating
the circuit. When there’s no voltage across R:, Rg
is adjusted so that its voltage at the wiper point is
cqual to Qs 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 amplificrs 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 pr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>