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Elecironic Design

Use the Linville technique for intersection is projected as a cir-
high-frequency amplifier design. cle on a Smith chart. Then, with
It's illustrated by the shapes geometric simplicity, the graphi-
below: the parabola represents calapproach leads toa complete
P out; and the plane, Pin. Their design. (starting on page 48).




Multispeed Gimbal Pickoff Synchros

and Resolvers

The table below shows a small sample of the multi-
speed pickoff units produced by CPPC for such high
reliability programs as Apollo, SIDS, Titan, Pace.

The data listed below are representative of the
input/output parameters that we have supplied to
meet customer requirements. The accuracies reflect
the maximum errors allowed. Clifton units usually
are well below these spetified maximums.

The outline dimensions given in the table are appli-
cable to rotor-stator combinations; although, as the
photographs on this page show, our multispeed units
are usually supplied in housings.

If you have a requirement for a high accuracy, high

reliability multispeed component, contact CPPC Sales
Engineering for additional information.

Clifton Precision Products, Division of Litton Indus-
tries, Clifton Heights, Pa., Colorado Springs, Colo.
215 622-1000, TWX 215 623-6068.
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CLIFTON Multispeed Gimbal Pickoff Synchros and Resolvers
o 1 [ ( I
Function Input Blimary Common Input : Output Imp., Prim.Shorted TR & Phase Shift Accuracy | Dimensions
Impedance 1x Ix Nx ' 1x Nx | 1D 0.D w
x, 8x Resolver ' '
1x, 15x Synchr 26v 400~
1x, 16x Resolver ’8v 800~ Rotor 1 lax 6
16x Resolver 8v 800~ Stator 10 ( | > ) 67
1x, 32x Resolver 15v 3200~ Rotor 100 . )0
1x, 16x Resolver 28v 800~ Rotor 0
36x Resolver 28v 800~ tator 3.500
1x, 64x Resolver 28v 4800~ Rotor - 4.000 )
64x Resolver ’8v 800~ Rotor ‘ - - 4.001
|
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Thousands of these Oscillators
are in use today @.

HIGH OUTPUT « BROAD RANGE * LOW COST

All these oscillators have typical outputs in the order of several hundred milliwatts. All have single-
dial control and an input jack for a modulating signal. All are available for rack- or bench-mounting.
All operate from any of several compact, inexpensive power supplies that range in price from $65 for
the basic unregulated supply to $170 for the unit providing regulated dc heater and plate voltages.
Another power supply, the Type 1263-C Amplitude-Regulating Power Supply ($425), provides 1-kHz
square-wave modulation and levelled output for any oscillator except the Type 1208-C. For 100% pulse
and square-wave modulation, the Type 1264-A Modulating Power Supply ($285) is available for use
with any oscillator except Types 1208-C and 1211-C.

Type 1218-B
$595 in U.S.A.

Typical output >300 mW over most of fre-
quency range. Calibration accuracy =1%. Type 1361-A

$315 in USA.

Typical output >200 mW over most of the
range. Calibration accuracy =1%.

Type 1209-C ,_ iﬂ '
$330 in USA. :
960 MHz
Typical output >250 mW over most of 180
range. Calibration accuracy +1%. - Type 1209-CL
$330 in US.A.
600 MHz
Typical output >500 mW over most of the
frequency range. Calibration accuracy =*=1%.
65
Type 1208-C to
$295 in U.SA.
500 MHz
Typical output >400 mW over most of 50 e
range. Calibration accuracy *2%. to P 5

$250 in U.S.A.

& [ ]
Typical output >200 mW over most of
range. Calibration accuracy *=1%..

Type 1211-C

$375 in USA. Write for complete information.
Also ask about our new series of
‘““sync-able,” low -frequency,

high-performance oscillators.

Typical output >300 mW over entire
range, >1 W from 0.7 to 5 MHz. Calibration accuracy *2%.

BOSTON « NEW YORK o CHICAGO « PHILADELPHIA « WASHINGTON, D.C G E N E R A L R A D I O
SYRACUSE « DALLAS « SAN FRANCISCO » LOS ANGELES » ORLANDO
CLEVELAND « TORONTO « MONTREAL

BOURNE END, ENGLAND ZURICH, SWITZERLAND WEST CONCORD, MASSACHUSETTS
ON READER-SERVICE CARD CIRCLE 212
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InStant Systems

peececeees
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) ili - total plug-in featur
integrated circuit micro-elements, provides inexpensive spares provisioning an

duces ‘‘mean-time-to-repair” to seconds which minimizes troubleshooting costs

Total plug-in capability also provides proven reliability, optimum performance and ‘ ,
prompt delivery.

ANALOG-TO-DIGITAL-TO-ANALOG DATA ACQUISITION SYSTEMS n

Engineers: If your field is analog/digital data systems or com- =

ponent design, a career opportunity awaits you at REDCOR. 3 ®
Write to Personnel Director. CORPOIRATION

P.O. Box 1031 / CANOGA PARK, CALIFORNIA 91304 / PHONE: (213) 348-5892 / TWX: 213-348-2573

Speed Inquiry to Advertiser via Collect Night Letter
ON READER-SERVICE CARD CIRCLE 2
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Practical devices operating at several hundred MHz are expected within a year.
A 60-MHz prototype has already been announced.

21 Wire modules fast with sticks and stacks
Two firms introduce unusual methods for wiring modules. Will their growing

use displace the circuit designer?

Electronic Desl

THE MAGAZINE OF ESSENTIAL NEWS, PRODUCTS AND TECHNOLOGY

NEWS
13 News Report
17 Electroacoustic amplifiers about to leave laboratory

26 Are you up on power supplies?

28 Gunn effect invades millimeter region

31 Washington Report

36 Letters

43 Editorial: Engineers are too often silent on social issues.
TECHNOLOGY

48 Design high-frequency amplifiers graphically, relating stability, gain, bandwidth
and sensitivity with Linville-Smith charts.

58 Swamp out distortion in wide-range agc systems by using a diode bridge variable
attenuator in the feedback loop. Stability and high accuracy also result.

62 Use an IC counter next time! You can build a completely integrated counting
circuit by using sequential majority-logic elements.

68 Speed control system response and cut system cost with potentiometer padding.
Here's a graphical technique that makes it easy.

72 Need a pedestal-free gate? Use a diode bridge circuit and balance out those
unwanted spurious gating signals.

76 Cut radar hardware needs and costs with a special multi-mode antenna feed
that requires only two hybrids to measure azimuth and elevation.

80 Test system uses telemetry data to check performance of relays in airborne

electronic package. The results are displayed visually on a counter.
84 Ideas for Design
100 NASA Tech Briefs

PRODUCTS

104 Test Equipment: Variable resistor for precision uses
116 Components: Stepless control with a $1 Triac

146 Semiconductors 156 Production
148 Materials 160 Power Equipment
150 Microelectronics 161 Systems

152 Microwaves

Departments
166 New Literature 174 Advertisers’ Index
170 Application Notes 176 Designer's Datebook

172 Design Aids

ELECTRONIC DESIGN is published bi-weekly by Hayden Publishing Company, Inc., 850 Third Avenue, New York, N. Y.,

10022. Jame . Mulholland, Jr., President. Printed at Poole Bros., Inc., Chicago, Ill., Controlled-circulation postage
paid at Chicago, lii., and New York, N. Y. Copyright © 1966, Hayden Publishing Company, Inc. 58,997 copies this issue.
5



Bendix announces the
B-5000: (i mdee
a significant cost
breakthrough in silicon

power transistors.
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It costs under 40¢.

New manufacturing and packaging tech-
niques make the B-5000 possible. These
techniques include new internal device
element assembly, along with new-concept
plastic molding operations. The result is
a simple, low-cost, reliable silicon power
transistor with no power compromise, when
mounted upon the normal heat sink.

B-5000’s low cost opens up whole new
application areas for you. Now you can
afford to put silicon power to work in
many industrial and consumer products.
Lighting equipment, TV sets, audio am-
plifiers, appliance sensing amplifiers and
industrial controls, to mention a few.
Compare the cost of the Bendix® B-5000
with any other silicon power unit of equal
rating. You’ll discover significant savings.

Bendix Semiconductor Division
HOLMDEL, NEW JERSEY

April 12, 1966

B-5000 offers advances in size, weight and
thermal resistance. Leads and collector
strips are highly conductive silver, offering
excellent solderability, strength and ability
to withstand flex and pull. Plastic encap-
sulant offers outstanding insulation resist-
ance, hermeticity, adhesion ability and
high temperature characteristics. In no
way does B-5000 compromise tradition-
ally accepted reliability practices.

With B-5000 you can tailor mounting tech-
niques to fit your needs exactly. Depending
on heat sink, available space and degree
of assembly line mechanization, B-5000
can be mounted in the fashion best suited
to your operation. For example, B-5000
is readily adaptable to the newer assembly
solder techniques without degradation.

ON READER-SERVICE CARD CIRCLE 3

B-5000 lends itself equally well to other
commonly used production line
techniques.

Electrical specifications

charac- Limits Test Conditions
teristic i it|VCB|VCE| IC [ 1B | TJ
Min.| Max.| Unit viv A | mal °c

VCEO 35| —| Vv 0.2

ICEQ —| 10 {mA 25

I1CBO —| 15| mA |14 150
VBE —[12]V 14 | 05

hFE 30| 250 | — 14 | 05

FE 20| - | = 14 | 1.0

VCEGs) | —| 12| Vv 1.0 | 50

Absolute maximum ratings

VCEO =35 volts, IC=3 amps, IB=1 amp, Tstg=—65 to
175°C, TJ=—65 to 150°C.

For complete information about the new
Bendix B-5000 silicon power transistor,

write to us in Holmdel, New Jersey.
*In  volume quantities

CORPORATION




Like to see our new

T Series modules perform?
Warm up your scope,
we’ll be right over.

Our new T Series integrated circuit logic
modules are so fast and flexible that we
can hardly blame you if you doubt the

amazing specs: Fan out of 14. Noise
rejection up to 1.8v. 18 nanosecond
gates. 40 nanosecond flip-flops.

So we’ve given our men demon-
stration kits and you can see for
yourself.

Each kit contains an assortment of module cards and has its own power supply
and timing source. You furnish the problems and the oscilloscope.

Our man may even leave the kit a few days for you to play with. Fun.

Scientific Data Systems

1649 Seventeenth Street, Santa Monica, California
U. S. sales offices in New York, Boston, Washing-
ton, Philadelphia, Pittsburgh, Huntsville, Orlando,
Chicago, Houston, Dallas, Albuquerque, Denver,
Seattle, San Francisco, St. Louis, Detroit.
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A new miniature sensitive relay from RBM CONTROLS
IT WILL BE COPIED BUT NEVER EQUALED

Reason—RBM CONTROLS has more production
and quality control experience and has built more
sensitive miniature relays than any other manu-
facturer in the industry.

The new miniature Type 64 is an isolated con-
tact relay for maximum sensitive applications
where reliability, rugged construction and low
cost are of major importance. This low level cir-
cuit switching relay is designed for compact areas
and may be stack assembled in close proximity to
each other. A protective nylon cover eliminates
physical contaminance or mishandling. A variety
of mounting brackets are available making this
relay the most versatile in the industry.

Serving Major Markets Since 1921

revl DBV CONTROLS

Division Essex Wire Corporation
CONTROLS Logansport, Indiana

Speed Inquiry to Advertiser via Collect Night Letter

ENGINEERING SPECIFICATIONS

CONTACTS
Ratings: 28V DC or 115 V AC 1 Amp (Non-inductive)
Form: SPNO, SPNC, SPDT
Type: Cross-Bar

COIL RATINGS
Maximum—1 Watt
Minimum—.050 Watt
Resistance—10,000 Ohms Max.

TERMINALS
Contact: To Mount To Printed Circuit Board

APPROXIMATE DIMENSIONS

(Overall Including Brackets and Mountings)
Printed Circuit L 1-3/16” xW 3/4” xH 1-3/8”
Bottom L 1-3/16” xW 3/4” xH 1-9/16”
Top L 1-11/16” x W 3/4” xH 1-15/32”
Parallelogram L 1-3/16” x W 1-7/16” x H 1-15/32”

MOUNTINGS
Printed Circuit Board
Bottom

Top—Parallelogram Replacement
Top Mounting Also Available

@ STANDARD CONTROLS
@ /RE AVAILABLE FROM YOUR
ELECTRONIC PARTS DISTRIBUTORS

ON READER-SERVICE CARD CIRCLE 4
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No one has a larger line

of disc memories.

See the largest line of disc memories
available at the Spring Joint Computer
Conference, Booth 913-916

Whether your information storage
requirements are small or require data
stored in millions of bits, Librascope
Group of General Precision, Inc., has a
disc memory system for every applica-
tion. These systems have a proven
history of reliable performance in com-
puting systems designed for military,
business, engineering, and educational
applications.

LIBRAFILE mass memories: Large-
capacity, high-speed, random-access
information storage systems. Two disc
sizes available. 48” discs capable of
storing up to 400 million bits. 38” discs
with a capacity of 200 million bits.
LIBRAFILE mass memory information
retrieval is either fixed-address search
or search-by-record content. Access
time less than 20 ms. Data transfer
rates in the megacycles.

8

Militarized disc-memory systems: High-
speed, random-access, information-
storage systems. Consists of disc
memory for data storage and an elec-
tronic subsystem that provides com-
plete interface, control, and read/write
electronics. These systems can be used
as a data base for shelter, van, or ship-
board applications. Storage capacity of
25 million bits on 24” discs. Customized
capacity up to 80 million bits.

L-400 magnetic-disc memory systems:
Provide data storage and transfer in
computer systems, peripheral equip-
ment, and other systems where rapid-
access memory is a requirement. 24”
disc storage capacity up to 36 million
bits.

Airborne disc file: Small, compact file
designed for airborne (MIL-E-5400 class
2) applications, as well as for shipboard
and mobile field operations. 614" disc
with capacity of 1 million bits. Custom-
ized airborne memories available with

ON READER-SERVICE CARD CIRCLE 55

capacity up to 50 million bits.

L-300 disc memory: For use in computer
systems and peripheral equipment as
main storage, buffer storage, or as a
supplemental memory. 10” disc with a
capacity of 275,000 bits.

For complete details, write for our tech-
nical bulletins.

Engineers: For career openings, call or
send resume in confidence to B. Larson,
General Precision, Inc., Librascope
Group, 808 Western Avenue, Glendale,
California 91201. An equal opportunity
employer.

A Plans-for-Progress Company.

G CENERAL
PRECISION ==

LIBRASCOPE GROUP

0O 0O 0O 808 Western Avenue 0O OO
0O O O Glendale, Calif. 91201 O O O




When you look at electronic components
are you seeing only half the picture?

We’re the last people to argue with component purchasers who
put performance, price and delivery first — meeting these three
basic requirements is what keeps us in business. But most en-
gineers are also on the lookout for something more, and many
of them find it at Mullard.

Take research and development for instance. Out of Mullard
R&D have come outstanding devices such as the travelling wave
tubes for the New York— San Francisco and Montreal —
Vancouver microwave links. Production resources? Mullard

DIODES - TRANSISTORS + PHOTO-DEVICES AND RADIATION DETECTORS -
RECTIFIER DIODES AND STACKS - THYRISTORS AND STACKS : INTEGRATED
CIRCUITS - CATHODE RAY TUBES - RECEIVING TUBES - ELECTRON OPTICAL
DEVICES + PHOTOSENSITIVE DEVICES : COLD CATHODE DEVICES + POWER
DEVICES : TRANSMITTING TUBES : MICROWAVE DEVICES - CAPACITORS -
FERRITE MATERIALS AND ASSEMBLIES - COMPUTER COMPONENTS AND
ASSEMBLIES - MAGNETIC MATERIALS - SPECIAL PURPOSE MAGNETS:VACUUM
DEVICES - WOUND COMPONENTS.

plants are among the most efficient anywhere, with a reputation
for the production of tight-tolerance devices to proved standards
of reliability. As for circuit know-how, Mullard has the best
equipped applications laboratories in Britain. And when it comes
to technical services, you will find that Mullard provides the
kind of comprehensive performance specs, survey documents
and application reports that are just that much more useful.

If you want to get the whole picture, why not ask us to help you
with some of your component problems ?

ON READER-SERVICE CARD CIRCLE 214

Mullard

where the product is only part of the deal

MULLARD LIMITED - TORRINGTON PLACE - LONDON WCI - ENGLAND




Did you know
Sprague makes...?

UNICIRCUIT® RTL
INTEGRATED CIRCUITS

TO-5 CASE

Types US-0708 through
US-0721 ... Fully inter-
changeable mW digital
building blocks featur-
ing power consumption
of 4 mW/node and pro-
pagation delay of 40
nanoseconds.

ON READER-SERVICE CARD CIRCLE 821

UNICIRCUIT® CUSTOM
HYBRID CIRCUITS

Combine monolithic silicon circuits
with Ni-Cr alloy resistors. Close
resistance tolerances, low tempera-
ture coefficient, +=29 resistor
matching.

ON READER-SERVICE CARD CIRCLE 824

DUET* HIGH-VOLTAGE
DUAL-EMITTER TRANSISTORS

Sy g g
- .

BASE

couecTon

New Type 3N123 low-cost transistor
with 25-volt rating now available.
L ] L [ ]

Sprague makes more dual-emitter
chopper transistors than any other
source.

Y Trademark

ON READER-SERVICE CARD CIRCLE 827
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DIFFERENTIAL AMPLIFIER
TRANSISTOR PAIRS

T0-18
CASE CASE

NPN or PNP « Matched characteristics.
h fg = 10-20%. AVgg = 5-20 mV.
AVgg/Temp = 5-20 pV/°C.

ON READER-SERVICE CARD CIRCLE 822

LOW-COST HERMETICALLY-
SEALED PLANAR TRANSISTORS

TN55.TN58 @
Low Level Amplifiers =
TN59-TN64 —‘

General Purpose
Switch/Amplifiers
TN79-TN80
Chopper Transistors
TN81
‘ Power Amplifier

TN237-TN238
ek Gold Doped Core Drivers  tase

ON READER-SERVICE CARD CIRCLE 825

TWIN DUET* DUAL-EMITTER
TRANSISTORS IN FLAT PACKS

Sprague leads again with two dual-
emitter chopper transistors in one
flat-pack case, with tight Vofr
matching of both devices.

Y Trademark

ON READER-SERVICE CARD CIRCLE 828

UNICIRCUIT® RCTL
INTEGRATED CIRCUITS

(8x actual size)

Sprague Series US-0100 . . . a com-
plete line of monolithic digital build-
ing blocks featuring low power
consumption (2 mW typ.)

ON READER-SERVICE CARD CIRCLE 820

MULTIPLE TRANSISTORS
(NPN-PNP PAIRS/QUADS)

AMPLIFIERS  SWITCHES CHOPPERS

Pairs Quads

2 NPN 4 NPN
2 PNP 4 PNP
1 NPN—1 PNP 2 NPN—2 PNP

ON READER-SERVICE CARD CIRCLE 823

SILICON ALLOY
REPLACEMENT TRANSISTORS

FULL PLANAR RELIABILITY

2N327A 2N945 2N1026
2N328A 2N946 2N1469
2N329A 2N1025 2N1917

Sprague makes 82 standard high-
emitter-voltage full planar silicon
alloy replacement types.

ON READER-SERVICE CARD CIRCLE 826

For complete technical data on any of
these products, write to Technical Liter-
ature Service, Sprague Electric Com-
pany, 347 Marshall Street, North Adams,
Massachusetts 01248.

455-5152

SPRAGUE

THE MARK OF RELIABILITY

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

ELECTRONIC DESIGN
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Electroacoustic amplifiers leaving laboratory eace 17
Giant lasers have high light intensity race 20

New packaging speeds wiring of modules pace 21
Gunn effect invades millimeter region eace 28

Gunn power . 28 Putting rubies to work ... 20

Sticks and stacks ... 21
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leaders in GHz counting

signal in

answer out

res, if’s that \lmple
fo measure microwave
irequencies directly

(and with counter accuracy!)

Just connect the input signal and read
the answer! Systron-Donner's new fre-
quency measuring system is completely
automatic. No calculations, no manipu-
lations of any kind. This great new tool
for the lab and production testing will
prove to be as necessary as a digital
voltmeter. :

S-D can deliver this automatic system
now for measurements between 3.95

and 8.2 GHz. Soon we'll offer coverage
over the rest of the microwdve spec-
trum. The system shown here illustrates
the basic concept—a combination of the
S-D 50 Mc Model 1037 Counter and the
S-D Model 1254 Automatic Computing
Transfer Oscillator. Other plug-ins will
cover L, S and X bands.

FOR MAXIMUM STABILITY —Systron-
Donner exclusively offers a high stabil-

ity oscillator with an aging rate of 1
part in 10° per 24 hours. That's a three-
fold increase in stability over the best
previous oscillators!

Prices: Model 1037 Counter, $2,550.
Model 1254 ACTO Plug-in, $1,950. To
learn more about automatic GHz count-
ing, please write to us in Concord or
contact your nearest S-D sales engineer
(listed in EEM).

SYSTRON €3 TJ» DONNER

S0 R PO R AT IO N

888 Galindo Street * Concord, California

Speed Inquiry to Advertiser via Collect Night Letter
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Time is ripe for commercial diversification

If a defense-oriented firm is considering
diversifying into the commercial market,

now is the time to do it. So says the
Denver Research Institute of the University
of Denver in a recent study entitled ‘“‘Defense
Industry Diversification.”

The researchers’ conclusion followed an
analysis of recent diversification programs
by U.S. defense manufacturers. They found
that the prospects for successful diversification
appeared best when defense spending and

the demand for defense hardware were expected
to increase. The study found that a substantial
time lag occurred between the start of
diversification programs and first profits.
Therefore, a program should be begun in time
to make its contributions to corporate profits
when these contributions are most needed—
when defense demand is cut back.

In discussing the problems of diversification,
John S. Gilmore, who led the study, pointed
up the crucial role of management. He said:
“Responsibility for diversification rests

with the management of defense firms, and
the commitment and participation of top
management is the key item in any successful
diversification program. This type of
commitment is often difficult to achieve

due to a number of diverse factors, including
a discouraging history of failure in commercial
diversification efforts, strong doubts that

the defense customer wants diversification,
and the seeming lack of stockholder interest
in diversification efforts.”

No hiding from new air recon system

The use of additive color techniques has
led to an aerial reconnaissance system
that makes interpretation much surer and
gives more valuable intelligence data.

The new system facilitates detection by making
objects which might be indistinguishable in
conventional color or black-and-white infrared
photography stand out from their background.

Developed by Fairchild Space and Defense
Systems, it uses a single panoramic camera
equipped with four rotating lenses. The lenses
record images of the same target, through

April 12, 1966
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blue, green, red and near-infrared filters,
side-by-side on a strip of infrared film. The
resultant black-and-white negatives are then
converted to positive transparencies.

To interpret the photographs, the transparencies
are placed in a special four-lens viewer

and superimposed on a screen in various
combinations through a selection of filters.
Varying the brightness, saturation and hue

of each image, either separately or in
combination, brings out maximum contrast
between targets and their surroundings.

With conventional photo-reconnaissance a
military tank standing in deep shadow and
covered with an infrared-absorbing camouflage
net was invisible on regular color, panchromatic
or infrared film. But with the new system, all
shadows appear achromatic (gray or black),
while the tank is clearly visible in vivid color.

System sought to avert air collisions

Development of an airborne system to
prevent mid-air collisions of commercial
aircraft is nearing success, according to the
Operations Executive Committee of the Air
Transport Association (ATA).

This optimism stems from progress made

on  a collision-avoidance system under
development by McDonnell Aircraft. In its
present form the system is not suitable for
airline use, especially as it must be carried in
an externally mounted pod. But the airlines
and McDonell have been examining ways to
make it suitable for more than three years.
These investigations are believed to be so close
to a payoff that the ATA has directed its Air
Traffic Control Committee to take all possible
steps to further McDonnell’s efforts to adapt
the system for early in-flight evaluation by
airlines.

The system is of the cooperative type:

both the “intruding” aircraft and the
“protected’”’ aircraft must carry cooperating
equipment. In a non-cooperative system only
the protected aircraft need carry collision-
avoidance equipment. Although the
non-cooperative type is more desirable, it is
universally agreed that a practical system of
this sort is still far beyond current capabilities.
McDonnell’s system uses the time-frequency

13




News
nen0ﬂ CONTINUED

technique, which recent research has shown

to be the most promising for cooperative
collision-avoidance systems. In a time-frequency
system each aircraft is assigned its individual
time to transmit on a shared frequency.

Successful operation of such a system
requires both frequency and time to be
measured with great precision.

Teaching aids offer growth opportunities

Increasing student enrollment, continuing
shortage of teachers and expanding Federal
and state expenditures for education—put
these three together and they spell “growth
market” for audio-visual and other electronic
educational aids.

Commenting on this, Robert L. Rice,
president of Graflex, Inc., told the spring
conference of the Electronic Industries
Association that education is the fastest
growing segment of the economy. Combined
Federal and local spending on education now
reaches $23-25 billion annually, second only to
defense. According to Rice, this market’s
greatest potential for the electronic industry
is in basic audio-visual electronic aids,

not in sophisticated items such as computers.
He said that companies should concentrate on
building simple, durable equipment for
untrained teachers to operate. In view of many
teachers’ fear of electronic aids, he advised
against over-emphasis on the development of
new or revolutionary equipment.

Full-scale experiment uses ‘‘supermagnet”

A milestone in high-energy physics has been
reached with the first use of a supermagnet

in a full-scale experiment. Built at the Atomic
Energy Commission’s Argonne National
Laboratory, the supermagnet is so called because
it uses the principle of superconductivity

to create a strong magnetic field.

Compared with the electromagnets used today
in high-energy physics experiments, the
supermagnet is relatively small. It has an outer
diameter of 24 inches and an inner diameter of
11 inches. Despite its size it can sustain a
magnetic field that is stronger than the fields of
almost all larger conventional magnets.
Furthermore, it does so at a great savings in
power. Only a small laboratory-type power
supply is required to energize the supermagnet,

14

which then functions indefinitely without
further electrical power as long as it is kept
cold. Comparable electromagnets, on the other
hand, require millions of watts of electrical
power.

The supermagnet was used at Argonne
in a bubble-chamber experiment to track
energetically-charged particles. Liquid helium
is used both in the bubble chamber to track the
particles and to cool the supermagnet.

Cooperative researchers sought by NBS

The National Bureau of Standards has
announced new areas of research open in its
cooperative program of joint Government-
industry research. Under the program, scientists
and engineers from industry are invited to work
temporarily at NBS laboratories on projects
of value to their companies as well as to the
scientific and technical community at large.

The new areas include investigation of the
use of lasers for length measurement, computer
languages, data-processing systems and studies
of cryogenic fluids in flow. Complete details
on the program are available from the Office
of Industrial Services, National Bureau of
Standards, Washington, D.C.

Acquisition of Computer Control Co., Inc., by
Honeywell, Inc., has been agreed upon
subject to final approval by the boards of
directors of both companies. According to
Honeywell, the operations of 3C will complement
the operations of the company’s electronic
data-processing division. The present 3C
organization will operate as a separate unit of
Honeywell under its present management and
personnel.

NASA has named the crew for the first manned
Apollo earth-orbital mission. Prime crew

are Lt. Col. Virgil 1. “Gus” Grissom (USAF),
Lt. Col. Edward H. White, II, (USAF), and
Lt. Roger B. Chaffee (USN). Back-up crew
are Lt. Col. James A. McDivitt (USAF),
Major David R. Scott (USAF), and Mr. Russell
L. Schweickart, a civilian. The first manned
Apollo mission is tentatively scheduled for the
first quarter of 1967.

Formation of a joint study group to investigate
the potential of electronic systems in the
broad field of education has been announced

by The Reader’s Digest Association, Inc., and
Sylvania Electric Products, Inc. According

to the two companies the study group will seek
the best methods of integrating electronic
capabilities and educational materials into
practical systems that will help meet the
rapidly expanding needs of education.
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Porrale Five-Dial Potentiometer: $535

Volt Box: $135

Electronic Null Detector : $325

We packed $4,000 worth of measuring capability

Pico-ammeter : $485

into this new portable package.

‘We call this versatile instrument our
Portametric PVB. That stands for
Potentiometric Voltmeter Bridge.

Actually, it’s more than a potentio-
metric voltmeter and more than a
bridge. But how many words can we
reasonably put in an instrument
name?

At the moment, you may not feel
you need all the capabilities, or the
degree of accuracy the PVB can de-
liver. But extra measuring power is
something like reserve horsepower in

work of 9 devices.

your car. When you need it, you need
it bad. Then you're glad you didn’t
buy just one or two of those black
boxes above when you could have had
the works at our price.

If you know ESI, you know we put
a lot more emphasis on performance
than price. We only mention price
here so you will appreciate the tech-
nical advances represented by the
specifications on the right—and send
for details. ESI, 13900 NW Science
Park Drive, Portland,Oregon (97229).

Electro Scientific Industries, Inc.

For $750 it does the

F Function Ranges Full Scale Minimum Step
| Voltmeter 5 0.051110 to | 1 microvolt
J 511.10 volts
‘ Ammeter { 8 0.51110 pua to | 10 picoamperes
‘ | 5.1110 amperes |
Resistance Bridge |10 | 0.51110 ohms to | 10 microhms
(4 terminal, guarded) 511.10 megohms
Comparison Bridge | To 5.1110 i [ IIO000T T N N [FOT0L 96 5 ‘
(4 terminal, guarded) | times reference
| standard b B e
[ Ratiometer 3 0 to 1.00000 1 part in 10-5
(Direct reading) 0 to 0.051110 ! 1 partin 10-6
0 t0 0.0051110 | 1 part in 10-7

| Null detector:_Sensitivity;sigicrovons; Input impedance—approximately 1
| megohm; AC rejection 60 cps and up; 80 db, guarded, battery operated.
Accuracy: == 0.02% of reading or 1 switch step on virtually all ranges and

functions. Comes in portable case; battery operated; 2,000 hour battery life. ‘
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TYPICA
39.99

L QRC RE

GULATION
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BAND

39.98 |

39.97

OUTPUT VOLTAGE (Vdc)

39.96

8.00 8.02

8.03

8.04 8.05 8.06 8.07

OUTPUT CURRENT (Adc)

Avutomatic crossover between constant voltage and constant current modes

Power Supply Specs

That Set
The Standard.

The Sorensen QRC series—wide range, transistorized powe.
supplies—provide constant voltage/constant current regulation
so sharp the units operate without ever leaving the specified
regulation band. Voltage regulation is == .005% for line and
load combined. The QRC's are provided with front panel dial
set adjustment of voltage and current limits, as well as voltage/
current mode indicator lights. Other design features include:
Low ripple...1 mV rms ¢ No turn-on/turn-off overshoots * Re-

ELECTRICAL & MECHANICAL SPECIFICATIONS

mote sensing and programming °* Series/parallel operation
* Input voltage 105-125 or 201-23%9 Vac, 50-400 c/s * Easily
replaceable plug-in control boards * High efficiency and com-
pact packaging. All Sorensen power supplies conform to pro-
posed NEMA standards. For QRC details, or other standard/
custom power supplies, AC line regulators or frequency
changers, contact your local Sorensen rep, or write: Sorensen, A
Unit of Raytheon Company, South Norwalk, Connecticut 06856.

S

OUTPUT CURRENT VOLTAGE

VOLTAGE OUTPUT REGULATION RIPPLE RIPPLE RACK
MODEL RANGE RANGE (LINE & LOAD VOLTAGE CURRENT CURRENT HEIGHT
NUMBER (Vde) (Adc) COMBINED) (rms) REGULATION (rms) (INCHES) PRICE
QRC20-08 0-20 0-8 * 005% or =1 mv 1 mv £ 05% or = 4ma 2 ma 3% $410.00
QRC20-15 0-20 0-15 % 005% or = 1 mv 1 mv * 05% or = 8 ma 4 ma 5Y 525.00
QRC20-30 0-20 0-30 % 005% or =1 mv 1 mv + .05% or £ 16 ma 8 ma 7 700.00
QRC40-4 0-40 0-4 + 005% or =1 mv 1 mv % 05% or= 2ma 1 ma YA 315.00
QRC40-8 0-40 0-8 % 005% or =1 mv 1 my * 05% or = 4 ma 2 ma KA 450.00
QRC40-15 0-40 0-15 % 005% or =1 mv 1 my * 05% or = 8 ma 4 ma 5Y 575.00
QRC40-30 0-40 0-30 % 005% or =1 mv 1 mv + .05% or £ 16 ma 8 ma 7 775.00
tHalf rack

Sorensen represented in California by Ward-Davis
Assoc., 770 S. Arroyo Parkway, Pasadena, Phone
213-684-2840; 1020 Corporation Way, Palo Alto,
Phone 415-968-7116; 3492 Pickett Street, San
Diego, Phone 714-297-4619.

A UNIT OF RAYTHEON COMPANY
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Electroacoustic amplifiers about to leave lab?

Motorola develops 60-MHz prototype with 60-dB
gain. Higher frequency devices expected soon.

Ralph Dobriner
West Coast Editor

Bulk-effect electroacoustic am-
plifiers may soon move out of the
research laboratory and become
available for practical application.

This is the view of spokesmen at
Motorola’s Military  Electronics
Div., in Phoenix, Ariz., who in-
formed ELECTRONIC DESIGN about
development of a prototype 60-MHz,
cw-operated electroacoustic ampli-
fier with a 60-dB net gain.

N. A. Sakiotis, head of the divi-
sion’s applied microwave research
section, said: “Within a year we
hope to have a practical 200- to
500-MHz amplifier working within
an equipment environment.”

Transducer loss problem

The phenomenon of amplification
of ultrasonic waves through their
interaction with moving charge car-
riers in piezoelectric semiconductors
has been known for several years.
But it has so far been difficult to
realize net gain from an amplifier
structure because of transducer loss-
es. In addition, said Sakiotis, the
first experimental net gain amplifier,
which he helped develop in 1963,

had to be pulsed to prevent exces-
sive crystal temperature rise.

“Since then,” the scientist de-
clared, “not only have we reduced
transducer losses, but design, fab-
rication and heat sinking tech-
niques have been developed so that
cw operation at room temperature
is now possible.”

The electroacoustic amplifier,
which consists of a single, homog-
enous cadmium sulfide (CAS)
crystal 6-mm long by 2-mm square,
is being developed by Motorola,
partially under Air Force sponsor-
ship.

The company said it plans even-
tually to build similar amplifiers
at microwave frequencies, perhaps
as high as 1 or 2 GHz, for use in
space and military hardware. Sixty-
MHz versions have already been
delivered to the Air Force and Mo-
torola is presently delivering a 200-
MHz device.

Sakiotis observed that the 60-
MHz amplifier “provides perform-
ance which would conventionally
require several stages of transis-
tor amplification consisting of at
least 50 circuit elements.” By com-
parison, the electroacoustic am-
plifier can provide the same am-

PIEZOELECTRIC TRANSDUCERS (THIN-FILM CdS)

CdS CRYSTAL

[
2 g R
INPUT : :’\/ OUTPUT
o- C -
EVAPORATED MOVING
METAL CHARGE
OHMIC CONTACT CARRIERS

DC DRIFT VOLTAGE

The basic amplifier consists of an active crystal, such as cadmium selenide,

with piezoelectric transducers (high-resistivity CdS) at each end. The input

transducer converts the RF input to an acoustic wave which increases in ampli-

tude drawing energy from the dc drift source. At the output the amplified wave
is converted back to an electrical signal.
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plification with three circuit ele-
ments at most.

Thus, he said, the amplifier is
eventually expected to be to micro-
wave RF and IF amplifiers what
monolithic integrated circuits have
been to digital circuitry.

It works on the lines of a TWT

In principle (see illustration),
the basic amplifier consists of the
active crystal—in this case CdS,
though gallium arsenide and cad-
mium selenide have been used—
with piezoelectric transducers at
each end. The input transducer
converts the applied electrical sig-
nal into an acoustic wave. As the
acoustic wave progresses through
the crystal it increases in ampli-
tude, drawing energy from the dec
drift source, in a manner analo-
gous to a signal being amplified in
a traveling-wave tube. At the out-
put the amplified wave is convert-
ed back to an electrical signal.

In the 60-MHz Motorola configur-
ation, the 6-mm-long CdS crystal is
oriented with its hexagonal axis
normal to the direction of acoustic
wave propagation.

Thin-film transducers, consist-
ing of high resistivity cadmium
sulfide, are deposited on metal
contacts which are evaporated on
opposite ends of the crystal to pro-
vide ohmic contact.

The dc bias voltage is isolated
from the RF signal by coupling
the signal through a transformer
to the transducer at the high
voltage side. Appropriate electro-
mechanical matching is accom-.
plished by using inductors which
give essentially resistive input and
output impedance of about 50
ohms. The total loss through the
amplifier with a crystal resistivity
of 10¢ ohm-cm is 20 dB at 60 MHz.

Total gain of 60 dB is achieved
with RF input-signal levels of up
to 10 mV. For higher signal-level
inputs, the output is slightly
greater than one volt. A de drift
voltage of 600 volts is maintained
across the crystal. The bandwidth
of the amplifier measured at the
half-power points is about 5%. To-

1/
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(electroacoustic, continued)

tal power consumption in the am-
plifier is less than one watt.

8- to 14-dB noise figure

According to Sakiotis, the am-
plifier’s noise figure, which is es-
sentially controlled by the input
transducer loss, is now between 8
and 14 dB at 60 MHz. There is no
reason why this figure could not be
reduced to 3 or 4 dB with the low-
er-loss transducers, presently un-
der development, he said.

“This would make the device
competitive with transistor and
even integrated circuit amplifiers,
not only in terms of noise and
compactness,” the scientist ob-
served,” but also because they’re a
lot easier to make.”

Motorola is presently working
on hybrid IF amplifiers using elec-
troacoustic devices in combination
with transistors for use at the low-
er frequencies. The company, how-
ever, expects electroacoustic am-
plifiers to become really competi-
tive with conventional devices at
frequencies above 500 MHz.

One big advantage of electroa-
coustic devices is that frequency
selectivity is inherent, being con-
trolled by the resistivity level of
the crystal and the design of the

LN

transducers. Also, gain is a direct
function of crystal length and fre-
quency.

At a particular frequency, dou-
bling the crystal length will dou-
ble the gain within certain limits.
Gain also increases with frequen-
cy, whereas in transistors, gain
goes down as the frequency rises.

An electroacoustic amplifier is,
furthermore, bilateral and partic-
ularly suited for transceiver ap-
plications, It could function as a
small-signal RF amplifier for re-
ception, and by reversing the drift
voltage, as a power RF amplifier.
As a power amplifier, the 60-Mec
Motorola device produces about
500 mW for transmission.

Other companies also at work

Organizations such as the Stan-
ford Research Labs, Bell Tele-
phone Laboratories, Sperry Rand,
General Electric, Westinghouse
and IBM are also conducting re-
search into electroacoustic devices.
Most of the work is still primarily
of an R&D nature with little prac-
tical hardware development.

Opinions differ among research-
ers in this field not only on the de-
sign and fabrication of the am-
plifiers, but also on their ultimate
use.

Don White, scientist at Bell
Telephone’s Murray Hill Labs, de-
clared: “We've been working on

Prototype electroacoustic amplifier produces 60 dB gain at 60 MHz and meas-
ures one inch long by one-half inch square. Motorola plans to eventually build
similar amplifiers at frequencies as high as 1 to 2 GHz for use in space and

military hardware.
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these devices for a long time and
we have more or less come to the
conclusion that we would have a
hard time selling the electroacous-
tic amplifier—particularly at the
low frequencies where transistors
would do a better job.”

White said the Labs were look-
ing into possible uses of the am-
plifier at very high frequencies.
They have developed a workable
device but “it’s still essentially a
laboratory curiosity,” he observed.

The real question, he said, is
whether the amplifier will have
anything to offer that cannot be
done better in other ways. As an
example. White noted that the use
of such amplifiers in delay lines was
limited because of reflection prob-
lems and because the signals can
equally well be amplified electrically.

Another scientist, at BTL’s Al-
lentown laboratories, agreed that
in terms of gain Motorola’s am-
plifier was significant.

He said that the consensus
among researchers in the electro-
acoustic field was that the noise
figure, of perhaps 8 dB even in the
hundreds of MHz range, is one of
the basic limitations of the device.
“Although it’s not so bad that it
can’t be lived with, it’s still not as
good as other amplifiers.”

The BTL scientist foresaw its
widest application- as a long-delay
device at microwave frequencies
where it would be used in some
sort of composite ultrasonic sys-
tem to counteract losses in other
parts of the system.

Today’s ultrasonic delay lines,
he said, are useful primarily below
100 MHz, and in that range the
loss is not so high that it cannot be
made up with standard amplifiers
external to the ultrasonic delay
line.

Other scientists are working not
only on amplifiers, but also on a
variety of electroacoustic devices
using the bulk effect in semicon-
ductors.

Stanford Research Laboratories
is investigating the properties of
low-loss thin-film transducers. Her-
bert Carleton, at Sperry Rand’3 Re-
search Center, Sudbury, Mass., is
close to announcing development of
an operational electro-optical modu-
lator which will generate acoustic
longitudinal waves in a suitable op-
tical material with a moderate
amount of RF power. m m
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Here are 50 applications, in alphabetical order,
for Fairchild Linear Monolithic Circuits:

(If we left out your favorite, let us know. We'll include it next time.)

—

. Ato D converter
. A.C. amplifier

3. Astable (free-running)
multivibrator (20V output)

. Averaging amplifier

. Bi-stable (flip-flop)
multivibrator (20V output)

. Bridge amplifier

. Buffer amplifier

. Current source amplifier

. Chopper stabilized amplifier

10. Clipping amplifier

11. D.C. amplifier

12. Deflection coil amplifier

13. Difference amplifier

14. Differential amplifier

15. Differentiator

16. Digital clock

17. Gain control amplifier

N

(S

00 N O

O

18. Go/No-go detector

19. Hysteresis comparator

20. Integrator (D.C. or A.C.)

21. Isolation amplifier

22. Lag amplifier

23. Lead amplifier

24. Level shifting amplifier
(clamping circuit)

25. Logarithmic amplifier

26. Meter amplifier

27. Oscillators (sine wave and
square wave)

28. One shot (high speed, precision)
29. Peak detector

30. Phase discriminator

31. Preamplifier

32. Pulse height detector

33. Rectifier

34. Sample and hold amplifier

35. Scaling amplifier

36. Sense amplifier (20 mil cores)

37. Schmitt trigger

38. Summing amplifier (subtractor
amplifier)

39. Sweep generator (wave form
amplifier)

40. Servo amplifier

41. Time delay amplifier

42. Unity gain amplifier

43. Video amplifier

44 Voltage comparator

45. Voltage controlled oscillator

46. Voltage detector

47. Voltage follower

48. Voltage regulator

49. Wave form generator

50. Window detector

Here are 4 Fairchild IC’s, in numerical order,
for use in the above applications:

v

out

#A702C — Differential Amplifier

Compensated Bandwidth 30MHz
Input Offset Voltage 2mV
Input Resistance

\

out

#A709C — Operational Amplifier

Open Loop Voltage Gain 45,000
Output Voltage Swing +14V
Input Resistance 250KQ
Input Offset Voltage 2mV

Vv

out

#A710C — Voltage Comparator

Resolution 2mV

Response Time 40nsec
(5mV Overdrive)

Input Voltage Range =5V

Vout

HA711C

~Vret

STROBE

#A711C — Dual Comparator

Strobe Release Time 12nsec
Input Offset Voltage 2mV
Input Voltage Range x5V

For complete product information
and pricing, contact Fairchild
Distributors, or write us.

e
FAIRCHILD
PRI S B 2

SEMICONDUCTOR

FAIRCHILD SEMICONDUCTOR /A Division of Fairchild Camera and Instrument Corporation ® 313 Fairchild Drive, Mountain View, California (415) 962-5011 ®.TWX: 910-379-6435
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New from Sprague! NEWS

Giant pulse lasers
emit intense beams

Two companies have independ-
ently developed giant, super-bright
lasers. Each will produce many
pulses of more than one billion watts
peak power. This power is controlled

‘w.‘ by new approaches to Q switching.
A One laser, developed by Westing-
: house under special contract with

the French government, uses two
eight-inch ruby rods with Brewster
ends. The oscillator ruby feeds 250
MW of peak power to the ampli-
fier ruby in a 20-ns pulse. The
amplifier rod, 7/8 inches in diam-
eter, then releases its billion watts
within 20 ns. Westinghouse guaran-
tees the laser for a minimum of
100 shots at one GW, with beam
divergence less than 1 milliradian.

® The laser is air-cooled and can be
shot once in ten minutes. Q switch-
ing, which keeps the rod from lasing

until full power is built up, is ef-

TRUE METAL-FILM PRECISION RESISTOR | [octed with a saturable fier made

of vanadium phthalocyanine in ni-

I Amema—
trobenzene.
The other laser, made by Korad,
a subsidiary of Union Carbide, in
Santa Monica, Calif., also uses two
rubies of unlike dimensions. The
- Korad laser’s beam diverges less
suve Spuce’ Tlme, und Money than two milliradians, but the com-
pany claims its rubies will sustain
between 400 and 500 shots at max-
imum output. = =

4x actual size

® High packaging density—4 to cient flux removal after solder-

8 times that of individual com- ing. Also prevent dirt and mois-
ponents. . ture traps around leads.
® Fewer components to stock, @ Extremely stable and reliable.

handle, inspect, install. Entire = Meet performance re.quiremenfs
module can be hand-inserted of MIL-R-10509E. Resistance tol-

faster than one axial-lead com-  erances to *=1%.

ponent. ® Ceramic capacitors can be
® Permit substantial savings over incorporated for further savings
equipment assembled with indi- and size advantages over indi-
vidual components. vidual components.

® Epoxy terminal board keeps -0 0

Bin iebuinaly dree G rasn cog For complete information write to
ing; uniike convjnhona.ldd'ppe.d Integrated Circuit Application En-
components, and. provides: uni- gineering Department, Sprague
form lead spacing. Electric Company, 347 Marshall
® Stand-off bosses permit effi- Street, North Adams, Mass. 01248

SPRAGUE COMPONENTS

RESISTORS PACKAGED COMPONENT ASSEMBLIES
CAPACITORS FUNCTIONAL DIGITAL CIRCUITS

TRANSISTORS MAGNETIC COMPONENTS
INTEGRATED CIRCUITS PULSE TRANSFORMERS
THIN-FILM MICROCIRCUITS CERAMIC-BASE PRINTED NETWORKS THE MARK OF RELIABILITY

l"::[fFfRfNCE FILTERS PULSE-FORMING NETWORKS Bi"ion watt Iasers made by Westmg-
4345 RY ‘Sprague’ and ‘@)’ are registered trademarks of the Sprague Electrlc Ca. house (above) and Korad (below)
ON READER-SERVICE CARD CIRCLE 9
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Sticks and stacks speed wiring of modules

New IC packaging techniques are part of a growing
trend that may change the circuit designer’s future

Roger Kenneth Field
News Editor

Notable advances in the packag-
ing of integrated circuits have been
achieved by two manufacturers. One
company has developed a stick that
holds the integrated circuits in flat
packs. Another stacks the flat packs
in tiny ceramic shells, one on
top of another. Both methods lend
themselves to automatic wiring
techniques.

These developments are typical of
the rapid changes taking place in a
burgeoning module industry. Some
observers have speculated that the
industrial and commercial use of
modules may displace the circuit de-
signer. Others are more optimistic:
ICs and modules will free the de-
signer for more creative work, they
say.

The new stick modules, called
MicroSystem, allow the engineer to
design his circuit with a few strokes

United Aircraft’s new Norpac houses
ICs in a stack of ceramic shells.

April 12, 1966

of the pencil. He merely indicates
which leads of the flat pack are to
be interconnected. Within two weeks
the finished prototype is in his
hands. The modules, now on the
market, are manufacturered by the
Engineered Electronics Co. of Santa
Ana, Calif. Design charges range
around $85 a module.

The other new module, called Nor-
pac, comprises ceramic layers, each
of which contains a flat pack. This
configuration is said to withstand
temperatures up to 200°C and vi-
brations as great as 250 Gs. All con-
nections are external, and conduc-
tors can even transverse the module.
The conductors are pushed through
holes in the ceramic and intercon-
nected by an evaporated-metaliza-
tion process. Manufactured by the
Norden Div. of United Aireraft, in
Norwalk, Conn., the modules will
go on sale later this year.

These are true modules. Other

products on the market that are
called modules often are not. The
term has been misused in advertis-
ing to connote ‘“modern,” such that
everything from a switch to a tape
deck has been dubbed “module.”
Module makers use the term strictly
for complete circuits, composed of
more than a single component and
arranged either in a three-dimen-
sional configuration (usually encap-
sulated in epoxy) or on a printed-
circuit card with a plug-in connec-
tor.

The two latest module lines are
important because their automatic-
wiring potential makes possible
large production runs.

The MicroSystem can accommo-
date ten or even more flat packs. In
place, the ICs look like spiders on a
stick. Any lead can be connected to
any other by the mylar-insulated
conductors inside the stick. Thus,
John Fahy, Engineered Electronics
Co.’s district manager, reports that
the firm took only five days to make
an interface between a computer and
a transducer that determines the

Engineered Electronics Co.'s stick holds ten flat packs in a row. Leads can be
connected any way through conductors in the stick.
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(modules, continued)

nature of the ocean floor. This in-
cluded design, construction of two
systems and testing. “It is on the
testing that you really save time
with these modules,” says Fahy,
“because the temperature range and
shock and vibration limits are a
function of the stick itself and the
flat packs that you choose. The be-
havior of our stick is known and
presumably the flat packs meet their
specifications. Thus much of the
time-consuming testing is pre-
empted.”

The Norpac arranges each flat
pack in a ceramic shell, bonds them
together in stacks, and vaporizes a
layer of metal on to the module’s
smooth outer faces. Standard photo-
etching techniques then remove ex-
cess metal between the desired con-
ductors. Each shell can accommodate
either a flat pack or any discrete
component provided its dimensions
do not exceed 1/4-inch x 3/8-inch
x 75 mils. Typical set-up charges
for the Norpac run around $500.

As price competition forces man-
ufacturers to improve assembly
methods, questions are being raised
in the electronies industry about the
circuit designer’s future. Might he
gradually lose his key position in
the electronics industry to the ap-
plications and systems engineers?

Prof. Peter Elias, chairman of
M.I.T.’s department of electrical en-

-~
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Ambient light powers module by Op-
tical Electronics, Tucson, Ariz. This
amplifier is one of many new imagina-
tive modules.
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gineering, has expressed concern
about what engineers now being
trained will be doing. He notes:
“Presently it seems likely that in-
tegrated circuits and modules will

affect our program at the Institute,

and their impact may well alter our
curriculum.”

Robert Larsson, senior design
engineer at Nexus Research Lab-
oratory in Canton, Mass., feels that
widespread use of standard modules
will make the systems approach
usual for problems of -electronic-
equipment design. But far from
eliminating the circuit designer,
Larsson feels that modules will “free
the designer to design new and won-
derful things rather than make him
design the same old circuits over
and over again.” Nexus, producers
of a range of modules, recently in-
troduced an $85 FET operational
amplifier at the IEEE show in New
York.

Gerald Leeds, president of the
Data Device corporation, does not
foresee the demise of circuit design-
ers either. He believes that modules
will make it necessary to have even
more circuit designers. As their
uses multiply, he says, “there will
be a greater need for many more
circuits, and someone will have to
design them. The module eruption
does, however, throw a greater
emphasis on packaging and it is nec-
essary for the modern circuit de-
signer to pay more attention to the
mechanical aspects of design.” The
Data Device Corp. offers a line of

EXTERNAL LEADS

modules that includes some rather
specialized circuits, such as an
amplifier-relay combination that re-
quires only 10-!2 watts to actuate it.

Perhaps the most incisive obser-
vation about the circuit designers’
coming role was voiced recently by
David Taskett, vice president in
charge of sales for Zeltex, Inc., of
Concord, Calif. He told ELECTRONIC
DESIGN : “Pretty soon modules will
be so cheap that designers will be
using them just like they presently
use components. After all, an op-
erational amplifier module makes a
great transistor! m =

$85 FET operational amplifier made
by Nexus Research Laboratory.
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EXTERNAL LEADS

Customer designs interconnections by filling in this form. Any lead may be
connected to any other. Engineered Electronics Co. then makes its stick directly
from this drawing. The firm says this method holds initial design charges down

to as little as $85.
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IEEE panel split on
education changes

Should a master’s degree be the
minimum qualification for profes-
sional engineers?

The American Society on Engi-
neering Education (ASEE) says
yes, but a six-man panel at the
IEEE Convention in New York was
not so sure. The panelists were
evenly divided on the Society’s rec-
ommendation, which was published
last October in a preliminary report,
“Goals of Engineering Education.”

Two other Society recommenda-
tions also split the IEEE panel.
One proposed that the bachelor’s
degree should be considered an in-
troductory degree for engineers.
The other urged the Engineer’s
Council for Professional Develop-
ment to put its official stamp of ap-
proval on engineering colleges as a
whole rather than on the specific
courses they offer. Four of the pan-
elists were educators and two were
industry representatives.

J. W. Rittenhouse of the Joslyn
Manufacturing and Supply Co.
questioned whether the profession
wanted the engineer to become “a
research-oriented, basic scientist.”
Industry must help faculties deter-
mine the changes needed in engi-
neering education, he said.

Dean W. B. Boast of the Iowa
State University of Science and
Technology said that while a five-
year master’s program was suitable
for those engineers who aimed at
design, research, development or
teaching, a four-year bachelor’s
course was adequate for professional
engineers in other categories.

Opponents of change in the curri-
culum-approval system said that if
entire schools, rather than individ-
ual courses, were to be accredited,
differences in faculty ability be-
tween departments would be over-
looked. Proponents of change argued
that it would secure uniform quality
standards.

In addition to Rittenhouse and
Boast, other members of the panel
were Dr. John G. Brainerd, of the
University of Pennsylvania; B. H.
Caldwell, General Electric Co.; Dean
J. M. Pettit, Stanford University;
and Dean J. D. Ryder, Michigan
State University; and Dean Charles
H. Weaver of the University of
Tennessee. m ®
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basic measuring tools from

HEWLETT

PACKARD

Field-praven hp 241A Pushbutton Oscillator

Accurate, stable test signals for lab or production

4500 discrete frequency selections, 10 Hz (cps) to 1 MHz (mc),
vernier overlap

3-digit pushbutton frequency resolution

Frequency response flat 2% over entire range

Frequency accuracy within 1%

Output —30 dbm to +10 dbm, 600 ohm output impedance
Low hum and noise

Use it for:

Production line and repetitive testing

Calibrating ac-to-dc converters

Response testing, narrow or wide band

Low-distortion source in presence of shock, vibration, hf radiation
Special versions for transmission line testing

In addition to the 241A, portable, solid-
state oscillator, Hewlett-Packard offers
the H30-241A (30 v, $675) and H48-
241A (48 v, $650) battery-operated ver-
sions for transmission line testing, 100
Hz to 10 kHz. These versions offer
balanced output, 600 and 900 ohm out-
put terminals. The 241A itself is a true
standard of the industry as a simple, fast,
convenient source of test signals. $490.

Call your Hewlett-Packard field engi-
neer for a demonstration or write for full
specifications of the model of your
choice: Hewlett-Packard, Palo Alto, Cali-
fornia 94304, Tel. (415) 326-7000;
Europe: 54 Route des Acacias, Geneva.

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

 PACKARD

An extra measure of quality

HEWLETT h
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All Radiation integrated circuits are dielectrically isolated.
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Having procurement problems?
Check our delivery time on
monolithic DTL circuits!

Why compromise on DTL performance
or delivery? Radiation offers immediate
shipment of industry’s finest line of cir-
cuits! Radiation’s dielectric isolation tech-
nique assures the best combination of
speed, power dissipation and noise im-
munity.

And Radiation supplies a full line of
DTL integrated circuits—17 in all. They
include Series 200 and 300, designed
for military use, and Series 500 for in-
dustrial applications. Compatible fan outs
in each series are maintained over the
full specified temperature ranges.

Other characteristics include: 7.0 nsec
propagation delay (tpq); 250mv “0” out-
put voltage (Vsat); and 10.0na “1” input
current (lin'r).

All circuits are specially engineered to
provide superior performance for their
specific applications. All are supplied in
TO-84 flat packages.

Why not keep up to date on the latest
advances in integrated circuits! Write or
phone for our data sheets which include
worst-case limits, and contain all infor-
mation required by design engineers.
We'll also send a brochure describing our
broad range of engineering and manufac-
turing capabilities.

Radiation Incorporated, Physical Elec-
tronics, Department ED-04, Melbourne,
Florida 32901. Phone: (305) 723-1511,
extension 554,

provites

RD 209 Line Driver Speed/Load Characteristics

35 \¥ . |
C,_ = 1000 pf
Vee = 5.0v
e Ta=25'C
25
0 C-= 500 pf
S ek
20
o
Expanded Radiation DTL Line* 3 ¢ = doosd
RD 200 SERIES RD 300 SERIES RD 500 SERIES 8 e ; !
Temp. Range Temp. Range Temp. Range E,, 15 ‘ [
—551t0125°C —55t0125°C 0to75°C -4 . f’ I
3 C .= 100 p | p—— I
Circuit Type FOt Type FOf Type FOft o __-C—Zgg';("' _’___...—-;“‘_,.
Gates 10 T T
Dual 4 210 8 310 5 510 8 ) C,L_;/“
Triple 3 205 8 305 5 505 8 o 8
Quad 2 206 8 306 5 506 8 5
RS Flip Flop | 208 7 308 4 508 7
Line Driver 209 12 309 8 509 .12
Expander 111 = g = 711 - NP TS SR g
*New high-speed JK Flip Flop soon to be introduced.
tMaintained over full temperature range. Fan out

oy
' = €© RADIATION

INCORPORATED

Sales offices: 650 North Sepulveda Blvd., Suite 622, EI Segundo, Calif. (213) 772-6371—600 Old Country Road, Suite 438, Garden City, N. Y. (516) 747-3730
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NEWS

What's your power
supply 1Q?

One of the more popular exhibits
at last month’s IEEE Show was a
“Power Supply IQ Machine.” Set
up by Deltron, Inc., of Philadelphia,
it tested visitors’ knowledge of
power supply technology and termi-
nology.

After seeing the results of some
500 persons tested at the show,
ELECTRONIC DESIGN thought its
readers might like to see how they
stack-up against these 500. So here
is the complete test together with a
rough distribution curve of the re-
sults recorded at the Show.

Each correct answer is worth 20
points, and a perfect score is 200.
Only ten persons, or about two per
cent of those tested, turned in per-
fect scores. The correct answers are
given on page 28.

The testing machine posed ten
multiple-choice questions of varying
difficulty. Answers to the questions
were registerd by depressing ap-
propriate buttons. When asked if
there were complaints or protests
on any of the questions, officials of
Deltron stated that there had been
some but with a little discussion
they had all been resolved. = =

240

180 -

120 |-

NUMBER OF PERSONS

(o] 100
SCORE

Most usual score at the IEEE Show
was 120. Only ten of those tested
scored a perfect 200.

1. The percentage output voltage in
a dc power supply as a result of a
minimum rated current change is
a definition of:

a. line regulation
b. load regulation
c. output impedance
d. voltage gain

2. A periodic voltage change, har-

monically related to the input pow-
er frequency, appearing on the
output of a dec power supply is
termed :

ac fluctuation
b. noise
c. ripple
d. line disturbance

B

3. The ratio of output voltage
changes to corresponding load
changes
defines:

a. stabilization ratio
b. control ratio

c. load ratio

d. output impedance

4. The time required for the output
voltage of a de power supply to re-
turn to within a specified closeness
of its initial value, following a full
load current change, defines:

a. recovery time
b. settling time
c. slaving period
d. rise time

5. The minimum error in adjusting
a dc¢ power supply to a specified
value expressed as a percentage of
the maximum voltage is termed:

a. linearity
b. precision
c. accuracy
d. resolution

Deltron test

in a de power supply’

6. The output capacitor and am-
plifier gain-frequency characteris-
ties in a de voltage-regulated sup-
ply are the principal elements
affecting :

a. dynamic regulation
b. ripple and noise
c. overload rating
d. power factor

7. The average change in output
voltage of a dc supply in response
to a change in ambient tempera-
ture of one degree expressed as a
percentage is termed:

a. voltage coefficient

b. thermal deviation

c. thermal drift

d. temperature coefficient

8. The ability of a dc power supply
to change from voltage to current
regulation is called:

a. current limiting

b. automatic crossover
c. voltage limiting

d. foldback

9. Which of the following devices
could be used to produce the fas-
test acting regulator for a de¢ pow-
er supply:

a. SCR

b. diode

c. transistor
d. pentode

10. A device used on a dc power
supply to reduce the output voltage
to a low value in a few microsec-
onds in the event of a malfunc-
tion is referred to as a:

a. clamp

b. overvoltage relay
c. limiter

d. crowbar

Samples rolled
to customers’ door

The Furnas Electric Co., of Ba-
tavia, Illinois, drives their sample
case right to their customers’ doors.

The company has fitted a van with
several thousand dollars worth of
magnetic starters, overload relays,

26

oil-tight pushbuttons, timers and
other electrical devices that they
manufacture.

Air-conditioning, radiant heating,
and a clean modern interior make
the customers’ stay pleasant. A gen-
erator supplies 60-cycle, 110-volt
current for the van’s film-strip pro-
jector, tape recorder and fluorescent
lights. = =

ELECTRONIC DESIGN



TERMINAL STYLES
7 T R -
One-piece Staggered pins
Collector § sl nyd jiens B
resistant < =
contacts In-line pins
: shaft
Precious metal >| B
collector track
y Flexible leads
Solderable Infinite resolution Ceramic
weldable pins Metal Glaze element substrate

Infinite Resolution Rectangular Trimmer

Now in all 3 popular terminal styles

IRC’s new infinite resolution rectangular trimmer is now available with ONLY IRC OFFERS ALL 4 POPULAR STYLES
Wirewound or infinite resolution elements

all three popular terminal arrangements . . . staggered pins, in-line pins
and flexible leads. Completely interchangeable with other rectangular
units, it offers improved performance for the majority of your rectangu-
lar trimmer needs.

;

§

Swe

Superior stability and reliability are the direct result of glass-hard,
thick-film Metal Glaze element. ‘‘Set and forget'' stability, even under
severe MIL shock and vibration, means no sudden resistance changes.

Load life is 70% better than MIL allowance . . . maximum resistance
change is only 3% after 1000 hour, 15-watt at 70°C. The thinnest MIL
unit available, it is up to 309 smaller than most popular rectangular
trimmers. For complete performance data, write to:

IRC, Inc., 401 North Broad Street, Philadelphia, Pa. 19108.

SIZE:

POWER:
TEMPERATURE:
RESISTANCE:

TOLERANCES:
IRC TYPES:

CAPSULE SPECIFICATIONS

MIL-R-22097B/RJ-12 style
1,-watt @ 70°C

—55°C to 125°C

All standard values between 100 @
and 1 meg Q

+109% and %=209%
450-20—RJ-11 pin configuration
450-10—RJ-12 pin configuration
450-00—Flexible leads

®
Speed Inquiry to Advertiser via Collect Night Letter
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NEWS

Gunn-effect devices invade millimeter bands

Gunn-effect oscillators formed by
gallium arsenide epitaxial growth
techniques now operate in the milli-
meter wave regions. Devices grown
at RCA’s David Sarnoff Research
Center in Princeton, N. J., are pro-
ducing useful power at fundamental
frequencies between 20 and 40 GHz.
Under pulsed conditions, 40 mW at
40 GHz have been recorded.

Prior to the RCA announcement
the highest fundamental frequen-

cies reported from Gunn-effect de-
vices were about 15 GHz.

RCA spokesmen are optimistic
that the new units may replace con-
ventional oscillators in millimeter-
band systems. They say the new
technique has clear economic and
technical advantages over the slicing
and grinding formerly used to fabri-
cate microwave Gunn-effect devices.
(See ED, Jan. 18, 1966, p. 17).

Active layers of GaAs are grown

Millimeter-wave Gunn-effect device packaged in standard crystal mount is in-
serted into waveguide by RCA scientist. Forty milliwatts at 40 GHz is reported

from the new epitaxially grown unit.

on low-resistance GaAs substrates
to thicknesses between two and five
microns. Precise control of growth
permits the formation of devices
that can operate at discrete fre-
quencies within the millimeter re-
gion, according to Dr. Martin
Steele, project director. He says
that, as in other Gunn-effect de-
vices, frequency is determined by
active layer thickness. Therefore
the new technique promises higher
precision at lower cost than was
previously attainable.

The laboratory versions of the
device are packaged in conventional
ceramic crystal holders. After
growth of the wafer to the desired
thickness, ohmic contacts are
formed on opposing faces and the
wafer is diced into small chips for
assembly into the mount. Dr. Steele
says that for commercial versions,
the mount configuration would be
determined by application and heat-
dissipation considerations.

Low voltages obtainable from
commercial signal generators are
used to trigger Gunn action. Dr.
Steele says that further efforts will
be directed toward improving cw
power and achieving higher power
in both ew and pulsed modes by the
use of phased groups of devices. He
expects that full advantage will be
taken of advanced integrated-cir-
cuit methods in the fabrication of
multiple units. Dr. Steele says that
the low input voltage requirements
(5 to 6 volts) and the inherent sim-
plicity of the devices make them
especially attractive to systems de-
signers. = ®

New tooth puts “bite” into electronics

An electronic tooth employing a
six-transistor flat pack has been
built at the University of Michigan
School of Dentistry to study occlu-
sal forces during chewing, biting
and other jaw movements. The
tooth contains a six-channel radio
transmitter and six force sensors.

Each sensor is identified by a
different subcarrier frequency
which varies over a limited range in
accordance with the forces applied
to the tooth. The subcarrier fre-
quencies then modulate the main
transmitter frequency. Usable
transmission range of the tooth is
from 6 to 12 inches.
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Although instrumented teeth
have been used previously in dental
research, they have been limited to
simple measurements. By using the
flat-pack packaging technique the
new tooth has greatly increased both
the complexity and the precision of
measurement. Unijunction transis-
tors are used because of their ability
to generate stable oscillations with-
out complex compensating circuits.

The bases of ‘the six transis-
tors are connected together and
returned to B+ through a low im-
pedance. The frequency of each uni-
junction oscillator is controlled by
its respective sensor. The main RF

frequency is produced by a tunnel-
diode oscillator.

The instrumented tooth was de-
veloped by Ian Scott, project engi-
neer, and Dr. M. M. Ash, Jr., pro-
fessor of dentistry. m m

Answers to power supply 1Q test

1. (b) 6. (a)
2. (c) 7.5(d)
3. (d) 8. (b)
4. (a) 9. (b)
5. (d) 10. (d)

Questions on any part of the
test will be answered by Mr. Terry
Burcaw, Deltron, Inc., Wissahickon
Ave., North Wales, Pa.

ELECTRONIC DESIGN



Series 88

Molded Silicone-

Ceramic
(Enlarged 275 times)

‘““Molding’’ provides superior electrical insulation
(1000 VAC minimum breakdown) plus exceptional
protection against abrasion and rough handling
because it produces a thicker, more dense coating.
The size and shape uniformity of Ohmite molded
resistors is valuable in the automated assembly of
equipment, as well as facilitating mounting in
metal clips. The latter capability can provide a heat-
sink advantage of up to 100%. Molded Series 88
and 99 units provide durability unsurpassed in
axial-lead resistors today.

SB[IBS 88—Low temperature coefficient and overall
excellent stability. Patented “Ohmicone®”’ coating is
tough, resilient, moisture-resistant, silicone-ceramic of
high dielectric strength. Three types available . . . for
specification MIL-R-26, commercial power, and high
stability, precision-power applications. 19, units
stocked in 526 resistance values. Write for Bulletin 101.

‘molding” makes the
difference
in axial-lead
wire-wound
resistors

Wattage Ratings: 1.5, 2.25, 3.25, 6.5, 9, 11 watts at 25° C.
Resistance Range: 0.1 to 226K ohms.

Series 99

Exclusive Molded®

Vitreous Enamel
(Enlarged 2 times)
*Patent No. 3229273

Tolerances: To 0.05%,. Std. commercial tolerance, 3%,.

. Temperature Coefficient: 0+20 ppm/° C, 10 ohms

and above.

Stability: Av. 0.2139, A R after 2000 hours of cyclic
testing for Type 884.

SE”BS gg—Exclusive “molded” vitreous enamel
coating withstands applied temperatures of 1500° F
without distortion. Vitreous markings, fired into coat-
ing, stand up under cleaning solvents, abrasion, and
burnout overloads. Supplied in three types. . . for
MIL-R-26 styles, commercial, and precision, high
stability applications. Commercial units are stocked in
5 sizes and 146 resistance values. Write for Bulletin 103.

Wattage Ratings: 1.5, 2.25, 3.25, §, 6.5, 9, 11 watts at
2581 C:

Resistance Range: 0.1 to 187K ohms.
Tolerances: 0.25%, to 5%.

Temperature Coefficient: 0+30 ppm/° C at 25° C. to
+350 C for 10 ohms and above.

Stability: Less than £29, A R after 2000 hours of cyclic
testing for Type 994.

RHEOSTATS « POWER RESISTORS ¢« PRECISION RESISTORS « VARIABLE TRANSFORMERS « RELAYS
TAP SWITCHES « TANTALUM CAPACITORS « SEMICONDUCTOR DIODES « R.F. CHOKES
MANUFACTURING COMPANY AN
3643 Howard Street ¢« Skokie, lllinois 60076
D I I M I I E Phone: (312) ORchard 5-2600
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ONLY 3C OFFERS

30 DAY DELIVERY

ON THE HOTTEST COMPUTER
IN THE $28,500 PRICE RANGE

DDP-116 computers are now operational in
over 50 installations including communica-
tions, data acquisition, hybrid and other
real-time control applications. Specifications
include: 16-bit word, 1.7 usec cycle, ex-
pandable 4096-word memory and keyboard
with paper tape 1/0 unit.

Software is a proven factor! The compact
DDP-116 offers as many as 134 subroutines
in its ASA FORTRAN IV library. Also, it is
compatible with the DAP assembler and
desectorizing loader. A/D and D/A sub-
systems, a full peripheral line and special
purpose systems capability are available to
extend the flexibility of the basic DDP-116.

Write for full details, or telephone today to
test operate the DDP-116 at a selected 3C
regional office nearest you.

DDP-11

See Us at SJCC, Booth No. 201-205
— -

C D M pUT E R C D N T R D L C D M pAN Y 9 l N C 5 3C SALES OFFICES: NEEDHAM, MASS.; FOREST HILLS,
OLD CONNECTICUT PATH, FRAMINGHAM, MASSACHUSETTS, US.A. s’ iaision ek au'::r%%&st‘fa.?'é&%'éfé’é‘;é‘g;

FLA; DES PLAINES, ILL; DETROIT, MICH‘; WEST CA

LONDON PARIS FRANKFURT  Shiiadiiviss Alsies churs ent.



Agricultural satellites due soon

Agriculture to adopt space electronics

The Federal scientific community is hailing

a NASA contract awarded to the Agricultural
Department for studies of the role of
space-borne electronics systems in agriculture
and exploitation of resources by underdeveloped
nations. The contract is looked on as a
concrete opportunity for space technology to
prove itself as a truly civilian tool.

Under the contract, remote sensing equipment
will be used to make quick large-area
surveys of use of land and of agricultural
conditions. A variety of sensing equipment
for remote observations—including cameras,
other optical and electro-optical devices,

and infrared and ultraviolet sensors—will be
used by the department’s Agricultural Research
and Forest Services to classify agricultural
and forest soil, water and crops.

The program will be conducted in three
stages, the third definitely programed to

use satellite-borne equipment. The latter

is expected to start “shortly,” according

to Agriculture Secretary Orville L. Freeman.
Observers interpret this to mean late 1967.

The second stage, observation from aircraft,
will begin this year. Information collected
from aerial observations will be correlated
with data already collected on the ground. This
first stage has been under way for several
years in anticipation of the eventual use of
satellites.

Over the past three years, the Agricultural
Research Service has tested a variety of
remote sensors at its Weslaco, Texas,
laboratory. Soil and water specialists have
evaluated equipment for remote recording
of the effects of salt, moisture and soil type
on plant growth. Infrared (IR) and ultraviolet
(UV) sensors have been proved so capable
of detecting otherwise unnoticeable color
changes in foliage that researchers have
had reliable advanced information about the
health and yields of crops.

The Weslaco experiments as well as studies
at Purdue, the University of California

(Berkeley) and the University of Michigan
provided the basic assurances that Secretary

<€ Speed Inquiry to Advertiser via Collect Night Letter
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Freeman insisted on before announcing

the contract. He said: “Remote sensing
will provide information never before
available to improve productivity of natural
resources all over the world.

“Detection of plant diseases and insect
infestations in early stages will be one

of the sensing equipment’s most beneficial uses.
Equipment that will be used on spacecraft
will furnish undeveloped countries information
on the ability of their resources to produce
certain needed crops. The equipment can

be used to determine moisture content of soil
and, by relating this to the type and
distribution of plants in the area, it can predict
what will grow in the soil.”

Agriculture program surprises officials

Much of Washington’s scientific community
was surprised at the extent of the groundwork
already laid for the satellite program. The
terms of the NASA contract call for use

of various optical and electronic sensors in
identifying and measuring land use; in
detecting calamitous situations such as
plant diseases, insect infestations and
drought; in assessing crop stands and vigor
to predict future yields; and in determining
whether soils in selected locations are suited
to growth of specified crops.

Already, Purdue University researchers, in
cooperation with the Agricultural Research
Service, have evaluated IR and UV equipment
for classifying soils and plant growth

from great distances. They have used

the equipment to determine the degree

to which corn, soybeans and other crops

in the Midwest can be distinguished from

afar by their spectral signatures. They

have also used multispectral sensing equipment
to identify crop diseases on the basis of
reflectivity differences between healthy and
diseased crops.

At the University of California at Berkeley,

a program under way for several years seeks
to apply new photogrammetric techniques to
identification of forest and agriculture species,
growth and vigor, and early detection of
disease and insect infestation. A complete
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range of remote sensors is being tested at
Berkeley.

The University of Michigan is perfecting
several of its own instruments and techniques,
but its chief job is to set up systems to
interpret the data to be received from the
Sensors.

FBI seeks electronic industry aid

The Federal Bureau of Investigation has
asked 35 major electronic firms to research
ways of transmitting fingerprint information
over the FBI’s growing national crime data
computer network.

In a related move, the FBI has concluded

a contract for a $72,000 study of U.S.
telecommunications to determine what

form of network could best handle computer
crime data, and link existing networks in
California, New York, Pennsylvania, Chicago
and St. Louis. The study will be made by the
Institute for Telecommunications in the
Commerce Department’s Environmental
Science Services Administration.

Lid to be kept on secret data

The electronic industry’s planners who use
Defense Department contracting information
to draft their forecasts had better resign
themselves to working part of the time in the
dark. This was the substance of comments
made during a panel discussion at the Electronic
Industries Association’s Spring Conference by
Samuel F. Zark, a key official in the office

of the Defense Department comptroller.

In answer to a floor request for full information
to be made available on all prime and first-
and second-tier subcontract awards, Zark
said that “not very much more is likely

to be forthcoming.” He cited as reasons
security and proprietary information, and
shortages of manpower and ADP equipment.

NASA electronics programs revealed

NASA'’s electronics programs for the coming
year will include development of a strapped-
down electrostatic gyroscope inertial guidance
system, laser gyroscopes, improved horizon
seekers, laser radars and myriad equipment
for rendezvous operations. The agency’s
plans were spelled out to several Congressional
committees by Francis J. Sullivan, NASA’s
Director of Electronics and Control.

Sullivan said that strapped-down electrostatic
gyros would be cheaper and more reliable
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than systems now in use. However, he looked
to development of totally new systems
using sensors with no moving parts. One
such system would incorporate a laser
gyroscope which Sullivan says “offers

the promise of future simplification and
increased reliability.” Laser radars, he
said, would be devised especially for use
in rendezvous, and would reduce weight and
size as well as improve the performance and
reliability of rendezvous radars.

Comsat U.S. net faces troubles

Communications Satellite Corporation may
run into more than the anticipated legal
difficulties when it tries to set up the domestic
service requested by AT&T. In addition

to attacks from carriers and from Capitol Hill,
Comsat will have to decide who will own

the ground stations. If Comsat owns the
stations, then it will have gone into the
domestic communications business, one Capitol
Hill source points out, and can expect
Congress to take a hard look at its charter
with an eye to amending it. Many lawmakers
already dispute Comsat’s right to provide
domestic service and contest the claim that
Comsat was intended by Congress to be the
only U.S. company to operate in space.

AT&T wants Comsat to provide a high-capacity
communication satellite service within the
U.S. The role of Comsat’s foreign associates
in any domestic venture has not been made
clear. On the other hand, these associates
have already made it clear that, when and if
they need domestic communications satellite
service, they do not want Comsat.

For its international operations, Comsat
recently asked the Federal Communications
Commission for permission to build a fourth
ground station near Moorefield, West Virginia.
At a cost of $5 million, this would provide

a second ground station on the East coast

to supplement Comsat’s facility at Andover,
Maine. The need for the West Virginia station
is predicated on the fact that Comsat is
scheduled to begin operating a second Atlantic
satellite for NASA this fall.

Federal engineers get pay raise

The Government has granted small pay raises
to 15,000 of its engineers and physical scientists.
The increases range from $192 to $254 a year
for new personnel and those in Government
grades 6 through 9. The raises were made
under a law that permits them when “the
Government is significantly handicapped in
retaining and recruiting well-qualified
employees because of private industry pay
rates.” A Civil Service Commission spokesman
admitted that “the Government is handicapped.”
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for critical applications

Yes—Allen-Bradley hot molded
potentiometers cost more, but—

they prove themselves far superior—and well worth the price

B When a potentiometer in your equipment does not
provide the kind of service expected of it—or fails com-
pletely—it is only natural for the user to blame you, the
manufacturer of the respective instrument. After all, you
selected the lower cost component, and your engineer
or your purchasing agent decided that “it was good
enough.” Correcting the mistake usually runs into real
money—it does not necessarily eliminate your customer’s
dissatisfaction. However, you can protect yourself and
your customers against such potentiometer failures by
joining the ever growing list of the nationally recognized
equipment manufacturers who are standardizing on
Allen-Bradley potentiometers.

The resistance track of all Allen-Bradley potentiometers
is hot molded—a process developed and used only by
Allen-Bradley. Resistance adjustment is always smooth—
never an abrupt change. Though the initial noise level is
very low, it is still further improved with use. The long
life of all A-B potentiometers is a fact, established by

62-04-6E

performance during the many years that these controls
have been on the market. For instance, on “speeded up”
tests this “life”” will exceed 100,000 complete operations,
with less than 109, resistance change. And during the
30-year history of this control there has never been
recorded a single catastrophic failure.

Protect your reputation as a quality equipment manu-
facturer by having your purchasing specification call for
Allen-Bradley hot molded potentiometers. They are avail-
able in single, dual, and triple units. Can be equipped
with a 2 ampere 125 volt line switch. Dual units can be
supplied with vernier control that provides 20 times finer
setability than obtainable with a single control. Units for
T, L, and Bridged T and H attenuators are also available.
Yes— Allen-Bradley controls cost slightly more, but they
are worth much more. For more details please write:
Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee,
Wisconsin 53204. In Canada: Allen-Bradley Canada Ltd.
Export Office: 630 Third Ave., N.Y.,N.Y., U.S.A. 10017.

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS
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‘Allen-Bradley hermetically sealed hot mblded;.'-resistdrs;

help guidance computer
in Saturn I space vehicle

put payload into orbit

One of the logic modules that performs arithmetic logic,
interrogation, and command functions, consists of four
units, .incorporating Allen-Bradley hermetically sealed i
hot molded resistors mounted on a common ‘intercon-
‘necting base.

TYPE TS 1/10 WATT MIL TYPE RC 08

—_—

TYPE CS 1/4 WATT MIL TyPE RC 12

TYPE ES 1/2 WATT MIL TYPE RC 22

HERMETICALLY SEALED HOT MOLDED RESISTORS available in
all standard EIA and MIL-R-11 resistance values and +2% or +5%
tolerances. Other than standard values can be furnished. Shown

actual size.

B From the instant of “blast-off”’ this guidance com-
puter set the course of the space vehicle. The ultimate in
precision was essential, for even the slightest misdirection
could mean total failure. Reliability had to be maintained
under hardly believable conditions of shock and vibra-
tion. Given such conditions, it is small wonder that the
A-B hermetically sealed hot molded resistors were se-
lected for this assignment.

All Allen-Bradley resistors are made by an exclusive
process—pioneered and perfected by A-B—in which
the resistance element and the insulating jacket are hot
molded into a solid integral element. For the ultimate
in environmental protection, this unit is then hermeti-
cally sealed in a ceramic tube. The hot molding process
results in such exact uniformity from one resistor to the
next—and from one year to the next—that long term
resistor performance can be accurately predicted. Fur-
thermore, unlike film resistors, no A-B hot molded
resistor has ever been known to fail catastrophically.

59.04-6E

Saturn I guidance computer continuously determined the vess—
course to achieve orbit. In six test flights, these computer
NASA Saturn I vehicle controlled the direction and thrus—————rr—
second-stage engines. The computer on four of the flights coO m——————
four of the first-stage engines as well, and also timed engine—

For more complete specifications on the Allen- P a——————
hot molded resistors, please write for Performance
fications 5003: Allen-Bradley Co., 222 W. Gre —
Ave., Milwaukee, Wis. 53204. In Canada: Allen-Fm===———————
Canada Limited. Export Office: 630 Third Ave
York, N.Y., U.S.A. 10017.

———————imp——

TYPE BB 1/8 WATT

MIL TYyrPE RC

—_— g Hm—
TYPECB 1/4 WATT MIL TYPE RC
=1
Hee o
TyYyPeE EB 1/2 WATT MIL TYPE RC
. MIL TYyrPe RC

TYPE GB 1 WATT

TYPE HB 2 WATTS MIL TYyrPE RC

These are the same hot molded resistors as used in the her=
sealed construction described above. Shown actual size.

QUALITY ELECTRONIC COMPON



WHEN SOMEONE

LOWERS PRIGES
ON HIGH- FREQUENCY

GERMANIUM

TRANSISTORS
BY AS MUCH AS 91%...

That s Mews:.

The reason we did it is really very simple. Since
we first announced our new “selective metal etch” HERE ARE THE BOLD NEW PRICE CHANGES :
process ,for fabricating germanium mesa t_ransxs— old New i Recudibn
tors, we’ve found our production yields going up, Price Price® %
up, up —and, at the same time, we found such i end Core Drivers
added benefits as lower noise performance, nar- 2N1204, 2N1204A  §$ 4.25 $ 1.10 74
rower beta spread, and tighter overall parameter s R 239 L.
distributions on both switching and amplifier types. 2N1496 5.70 255 55

When you add to this the fact that we can now SN2097 &5 ;.Iég ge
obtain complete freedom of emitter geometry and, NS 32 e 2
at the same time, achieve much better resolution S e Lo S £S
and closer spacing than ever before — with obvious 2N3883 1.50 .90 40
improvement in all high-frequency characteristics RF and IF Amplifiers
— you’ll understand why Motorola is now able to gngﬁg %g-gg ggg ;Z
announce significant price reductions on line and 2N3279 5.00 3.00 40
core c.lriver trgnsistors and small-signal RF and IF 5%352‘1’ ‘3;88 %3?, 3?
amplifier devices! | e [E i

Take that order you have right now and call 2N3284 1.35 .95 29
your Motorola representative — and be sure you 523232 1'58 :22 %
get the most device for the price. If you would like e e s -89 T
detailed technical information on any of these 2N3325 -60 -50 16
types, simply drop a note to the Technical Infor- %’»‘é?gi 38188 %8288 gg
mation Center, Motorola Semiconductor Products et e b i
Inc., Box 955, Phoenix, Arizona 85001. *100-999 quantities

MOTOROLA

Semiconductor Products Inc.

Speed Inquiry to Advertiser via Collect Night Letter
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New Tektronix Automatic Oscilloscope System
SEEKS and presents a measurable display we

New Type 3B5 Time Base Unit Makes Automatic Operation Possible

The Tektronix Automatic Oscilloscope
System, with the new Type 3B5 Automatic/
Programmable Time Base Unit, now makes
DC-to-15 MHz measurements faster and
simpler than ever before.

The automatic system package includes
the Type 3B5, the companion Type 3A5
Automatic/Programmable Amplifier Plug-
in Unit, a P6030 Probe and a Type 561A,
RM561A, 564 or RM564 oscilloscope.

Upon SEEK command, the oscilloscope
automatically presents an optimum dis-
play. The SEEK command to the plug-in
units automatically controls the time and
amplitude settings, eliminating the need
for continuous front-panel adjustments.
Indicators on the plug-ins light automati-
callyto show these settings. Measurements
can then be made quickly and accurately
from the CRT display.

Using the P6030 Probe and Automatic/Programmable Plug-In Units simplifies trouble-shooting,
other applications where measurements on electrical equipment can be made without remaining with-
in arm's length of the oscilloscope.

34

® AUTOMATIC SEEKING

... will operate upon SEEK command
from the probe or from the Automatic/
Programmable Plug-Ins.

® MANUAL OPERATION

. overrides the SEEK command

. extends sweep range and deflection
factors beyond capability of Auto-
matic Seeking Mode. Indicators
light to show SWP MAG'D and
UNCAL warnings, set manually.

® REMOTE PROGRAMMING

. overrides the SEEK command and
Manual Operation.

. uses the Type 263 Programmer for
remote control of the Automatic/
Programmable Plug-In Units.

WHEN PLUG-INS
RECEIVE SEEK COMMAND

DC

WITH PROBE
®

TYPE 3A5
automatically establishes the optimum de-
flection factor. Indicators light to show
readout with input coupling, such as .5
VIDIV, DC (coupled) WITH PROBE.

TYPE 3B5

automatically establishes optimum trigger
settings and automatically selects time per
division setting. Indicators light to show
readout, such as.2 us/DIV, and to show
NOT TRIG'D condition.

ELECTRONIC DESIGN



TYPE 3A5

Operating Modes: SEEK, Manual, and
External.

Deflection Factor: 10 mV/div to 50 V/div
in SEEK and External Modes. 1 mV/div to
50 V/div in Manual Mode.

Bandwidth: DC-to->15 MHz, from 10
mV/divto 50 V/div.5 MHz at1, 2, or 5 mV/div,
in Manual Mode only.

Risetime: <23 ns at a deflection factor of
10 mV/div to 50 V/div.

Input RC: 1 megohm by X 24 pF.

Programmable Functions: V/div, 10X
probe attenuation, and AC, DC or AC
stabilized coupling, by contact closure to
ground. Vertical positioning by analog
current.

P6030 Probe supplied with Type 3A5—has
SEEK COMMAND button and 6 ft. cable.

Type 3A5 Automatic Programmable

Amplifier Unit $760

TYPE 3B5

Operating Modes: SEEK, Manual, and
External.

Sweep Range: 5 s/div to 0.1 wus/div in
SEEK Mode.

5 s/div to 10 ns/div in Manual and External
Modes.

Delayed Sweep Magnifier: X10 or X100.
A calibrated delay control selects starting
point of the magnified sweep, allows view-
ing of both the normal sweep (before start
of the magnified sweep) and the delayed
magnified sweep. With the magnifier op-
erative, readout is automatically corrected
to indicate the setting and SWP MAG'D
condition.

Trigger Modes: Internal, either AC-
coupled or AUTO (combined level-seeking
and bright-line Automatic); External, either
AC-coupled or DC-coupled.

Programmable Functions: Timel/div,
magnifier range, trigger mode with cou-
pling, and trigger slope, by contact closure
to ground. Horizontal positioning, trigger
level, and magnifier delay, by analog cur-
rent.

Type 3B5 Automatic/Programmable
Time-Base Unit

¢ Remote Program Feature in the Auto-
matic Oscilloscope System permits the
instrument to be externally preset for a
given measurement. With selection of elev-
en different programmable functions from
Automatic/Programmable Plug-Ins, the
combination offers new convenience for
applications involving many measure-
ments, as in production-line testing and
systems checkouts, and also simplifies
“‘away-from-the-oscilloscope' tests, where
manual manipulation of the front-panel
controls would be inconvenient.

® Plug-In Type Program Card Feature

The Type 263 accepts up to six plug-in
type program cards, each of which can be
programmed for a specific measurement.
Each program card, after initial set-up,
establishes the plug-in control functions
required for a particular test or measure-

s Add 2 Type 263 Programmer and Speed Up Sequential Measurements

ment. Programming each card can be done
simply by changing jumper wires and po-
tentiometer settings. Any number of pro-
grammers can be cascaded for applica-
tions requiring pushbutton control of more
than six measurement set-ups.

Once set up, the programs on the Auto-
matic Oscilloscope System can be carried
out by non-technical personnel with little
or no training, since the instrument set-
tings are all pre-selected. Actual measure-
ments can be made conveniently from the
CRT display, as usual.

Type 263 Programmer . . . . . . . $325

(complete with 6 program cards)
(Size: 514" by 8%" by 9”;
Weight: &~ 5 lbs.)

U.S. Sales Prices, f.0.b. Beaverton, Oregon

Using the Type 263 Programmer and Automatic/Programmable Plug-In Units facilitates such appli-
cations as production testing on limited production items not justifying full automation, where most
or all of the controls can be preset for each test.

For complete information, call your nearby Tektronix field engineer,
or write Tektronix Inc., P. O. Box 500, Beaverton, Oregon 97005.

April 12, 1966
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Tektronix, Inc.
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LETTERS

Readers sound off in Editorgrams—and we listen

The response to our first Editor-
gram in the Jan. 18 issue was grati-
fying. Many readers welcomed the
opportunity to express their opin-
ions about the magazine. We are
carefully considering all sugges-
tions, and at least one new feature
of the magazine will result from a
suggestion in the first batch of
cards that we received. You’ll notice
that another Editorgram re-
questing your comments is included
with the cards at the back of this
issue. Use it. It’s free!

Here are a few of the many com-
ments received so far. To encourage
candidness in the comments, we
omit names and company iden-
tifications whenever publishing Ed-
itorgrams:

Sir:

I especially liked the article
“How Does Your Company Rate?”
because nine out of 10 people in our
plant came within 10 points of each
other in using the rating sheet. The
other one is particular about flavor.

engineer, components company

Sir:

I especially liked “How Does
Your Company Rate?”’ because it is
a guide that will enable me to bet-
ter determine how to run my plant.

manager, electronics company

Sir:

“Eureka!” The new size makes
me rate your magazine as tops in
the electronic field (the contents al-
ways was the best). I dislike bi-
weekly publication. Every week
would do me fine.

QC engineer, instruments company

Sir:

Please put “Accuracy Is Our Pol-
icy” in a conspicuous place, and in-
dex the corrections as well as mak-
ing it possible to tear them out to
file with back issue. When looking
through back issues, there is
presently no way to find the possible
corrections.

engineer, systems company

o We will be putting formal cor-
rections in one spot from mow on:
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at the end of the Letters section in
the magazine. Thus all corrections
will appear either in the letters
themselves (from authors and oth-
ers) or in a separate listing imme-
diately following the letters. Any
page with corrections can be pulled
out easily and the individual items
clipped and put with the articles
they refer to. We will continue to
keep mistakes at a minimum, but
when they do occur we intend to
correct them. Please continue to let
us know whenever you spot any, so
that other readers may be posted.

Other pieces that received critical
acclaim from many readers were
two news stories (“Pace of Gunn-
Effect Research Quickens,” and
“MOS Arrays Diffuse into Com-
mercial Market”) and two technical
articles (“Treat the Flip-Flop Logi-
cally” and “Shunt-Motor Speed
Control”). One reader lauded our
Reader-Service Card, saying that it
tore out more easily than that of
any other magazine (a note of
thanks to the perforating machine
is in order).

In an editorial in the Jan. 18 is-
sue we urged readers to pick a sub-
ject to learn this year. We asked
them to use The Editorgram to let
us know what subjects they picked.
So far we’ve received more than 40
replies, ranging from very practical
things to some blue-sky ideas.
Here’s a sampling:

“Study of clarinet, resumed after
20 years’ lapse.”

‘“Algebra of the discrete (includes
aspects of logic, number theory,
combinatorial analysis, etc.) with
emphasis on simplicity of ap-
plication.”

“Stock market performance of elec-
tronic and aerospace issues.”
“Parapsychology and other psychic

phenomena.”

“Orbital mechanics.”

“Interrelation of electric, magnetic,
electromagnetic wave and gravi-
tation theories.”

“Taxidermy.”

“Electrical-sound amplfication and
experiments.”

“Astronomy.”

“Creative art and
class.”

“Spanish” (a California engineer).

“I'm going to study the telemetry
field—little by little.” (This engi-
neer took seriously our advice
that learning comes a little at a
time. Incidentally, two others
named telemetry.)

*Oceanography and sonar.”

“MOS and MNS-device fabrication
and operation.”

“Folk guitar.”

“Quantum theory.”

“Development and variations of
Adams percussion revolvers in
England, 1851-1870.”

“SCRs.”

“FETs."

“Complex variable at SMU—a
course taken as a result of your
editorial.”

“Biblical Greek—but I bet I am the
only one picking that subject.”

(He is. One other Midwestern engi-
neer will be studying the Bible.)

“Side effects of electromagnetic en-
ergy in all disciplines.”

“Management techniques.”

“Computer programing” (named by
four readers, two of whom men-
tioned Fortran.)

investment

Car-safety proposal
is still backfiring
Sir:

A hearty “bravo” for the several
readers who criticized your editori-
al on auto safety. [E|D Dec. 20,
1965, p. 23. Comments from readers
were published in the March 1 is-
sue, p. 32.] I think you are way off
base in intimating that auto design-
ers are “murdering” citizens.

I am astounded at the fuzzy
thinking you and others demon-
strate in your campaign for Federal
control of auto design. You seem to
think that Federally controlled auto
design will compensate for poor
roads, irresponsible drivers, poorly
maintained cars and all the other
factors that actually cause the acci-
dents. Maybe we could all play
“dodgem” on the freeways, if we
were strapped into General Sher-
man tanks, but" who wants this?

ELECTRONIC DESIGN



You can have Cutler-Hammer positive action switches in all standard pole configurations, in miniature and standard sizes.

No in between’
action here.

Its positive.

We designed and built this line of military
switches to give you the positive make-and-
break you must have. There’s no “maybe’” about
the way they work. They’ve proven themselves.
In projects Mercury and Gemini.

You get butt-wiping contact action, too. Great
for low-level switching circuits where the action
wipes the contact clean first.

There’s more. High shock, high vibration, bet-
ter arc tracking resistance. And better sealing.

Cutler-Hammer military switches give you
the truly ‘“big” reliability you must have in
aerospace and ground support. The kind you
can’t get in standard MIL-S-3950 switches.
Our positive actions are built to MIL-S-8834.

You can choose exactly the military switch
you need from the thousands we make. Just call
your local stocking distributor or local Cutler-
Hammer sales office. Or write us for a catalog.

Cutler- Hammer

Milwaukee, Wis. 53201
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FULL LINE OF

FET
OPERATIONAL
AMPLIFIERS

from

Burr-Brown now offers the indus-
try’s widest selection of operational
amplifiers incorporating field effect
transistors. Model 1552 is generally
typical of all units except for the op-
timized features indicated.

BURR-BROWN FET OPERATIONAL AMPLIFIERS

MODEL
NUMBER DESCRIPTION

1552 General purpose. =10V @ *=20mA. m"’n input imped-
ance. =5.0uV/°C. Current offset of 0.1nA at 25°C,
doubles every 10°C. 106db gain. Bandwidth of 100Kc
full power, 1.5Mc small signal. $145

1553 Low current drift, =.01nA/*C

1554 Wide temperature range, —55 to +125°C

1556 Low current & voltage drift, 2,0 uv/°C

1557 Commercial grade, $110

1560 Wide band, fast slewing rate. 1 Mc full power.

1543 20 Volt general purpose, =20 V @ =10 mA

FET chopper stabilized units and FET transducer amplifiers are
also available. All units are stocked for immediate delivery.

FOR COMPLETE
TECHNICAL
INFORMATION
Wire, write
or phone
Burr-Brown
for NEW
10-page catalog

BURR- BROWN

RESEARCH CORPORATION

INTERNATIONAL AIRPORT INDUSTRIAL PARK
BOX 11400, TUCSON, ARIZONA 85706
PHONE: 602-294-1431 + TWX: 910-952-1111

Speed Inquiry to Advertiser
via Collect Night Letter
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LETTERS

The three main accident-causing
factors—roads, driver and defective
cars—can be legally and sensibly
controlled by the Government, and
this control could greatly reduce ac-
cidents on the highways. For exam-
ple, regular safety inspections, as a
qualification for registering a car,
would do a notable service toward
protecting the innocent driver from
the other guy’s poor brakes or fail-
ing steering mechanism.

But why the talk of controlling
the auto industry? Rather than at-
tempting to control free enterprise,
why doesn’t the Government first
clean out its own closets and control
the issuance of drivers’ licenses
and auto registrations? And, even
more important, why do you, as a
representative of the electronics in-
dustry, recommend that we “de-
mand” control over a free enter-
prise? Do you want Federal control
over the electronics industry next,
in answer to an equally unjus-
tifiable charge of irresponsibility?

I cannot understand why there is
this sudden and concerted attack on
the auto industry, accusing it of
being guilty for the accidents of
the drivers. Can anyone who reads
the newspapers seriously consider
this to be the case? A head-on colli-
sion at high speed (caused by a
sleepy driver, a narcotics user, or
by an inherently irresponsible per-
son) is not going to be any sig-
nificantly less dangerous with a
flexible steering wheel or seat belts.
Your example of the scattering of
cars on a freeway is a good example
of an accident, caused not necessari-
ly by all of the drivers involved but
certainly by the first one who went
into a skid. But why do you blame
the consequences on the autos? Why
not on that first driver?

I sincerely wish to urge you and
others of your opinion to encourage
the auto industry to continually im-
prove designs. To encourage the use
of electronic safety devices and
equipment and to analyze auto de-
signs is your role in industry. But
please don’t encourage Federal leg-
islation where it serves only to re-
duce industry to a controlled status.

Robert W. Fleming
Electronic Engineer
Beckman Instruments, Inc.
Fullerton, Calif.

Sir:

I would like to comment on the
subject of highway and auto safety
after reading the letters on p. 32 of
E|D, March 1, 1966.

I am in definite agreement with
the editor’s answer to Edward S.
Donn. Mr. Donn is obviously op-
posed to Federal controls or regula-
tions on anybody and anything for
any reason. I would venture to say
that he is probably a solid “states’
rights” man. To be a firm believer
in states’ rights may have been fine
in the 18th and 19th centuries, but I
feel that today’s situations require
Federal intervention, controls, reg-
ulations, etc., in many areas. This is
absolutely necessary if this country
is to maintain prosperity, high
standards of living, military pre-
paredness and a host of other
benefits, including safe travel.

Mr. Donn and many other people
in this country are worried about
the Federal Government becoming
so powerful that our rights and lib-
erty, and our free enterprise sys-
tem, will be taken away from us. I
agree with him to the extent that
this is a possibility, but I feel that
this cannot happen because of the
checks-and-balances structure of
our Federal Government. Congress
consists of people elected by the cit-
izens of every state. It may sound
naive, but I believe that these Con-
gressmen will never allow our liber-
ties and freedom, and our free-en-
terprise system, to be diminished in
any degree whatsoever. And if you
don’t like what your Congressman
is doing, write him and tell him so.
I do.

I believe that improvements in
the structure of the automobile for
the better protection of the occu-
pants in case of accident should be
the first concern of auto makers.
Since the manufacturers were well
aware that this was necessary and
so far have done so little toward
this end, there is no alternative but
to impose legal regulations on auto
construction.

As the editor stated, in the inter-
est of uniform regulations and the
resultant lower manufactliring costs,
these regulations must be imposed
by the Federal Government, wheth-
er some individuals like it or not.
This does not mean that states
should not also impose their own
safety laws (even if it does raise
the retail price of the vehicle).

ELECTRONIC DESIGN



But all the states could not possi-
bly impose regulations as rapidly as
the Federal Government could. If
we were to wait for the states to
impose the regulations, thousands
of unnecessary deaths might result.

Mr. Donn should get off his high
horse of idealism and face reality—
and look at the facts and figures of
highway deaths and injuries. He,
and others like him, should try to
imagine himself in a family griev-
ing over the unnecessary death or
deaths of loved ones in an auto acci-
dent—deaths that could possibly
have been avoided by an automobile
constructed according to improved
safety standards.

Samuel Adams Gitlin
Staff Consultant
Westbury, N. Y.

Sir:

While reading your editorial in
the Dec. 20, 1965 issue [p. 23] on
legalized murder on the highways, I
was reminded again of a simple
winter safety device, whose instal-
lation should be required by law.

It is an electrically controlled grit
dispenser, which sprays grit in
front of the rear wheels in slippery
weather. The grit containers could
be built into the rear fender walls.

In our hilly, slick roads we have
to wait for the local sanding trucks
that usually arrive too late. It
would not take too many cars,
equipped with this device, to do the
job of a sanding truck.

John A. Richards
Los Alamos, N. M.

Sir:

I couldn’t disagree with you more
on federal action for highway safe-
ty (E|D Dec. 20, p. 23). The big
problem is not unsafe cars but un-
safe people.

Most accidents are the result of
one, or both, drivers doing some-
thing wrong. For example, in one
half of all fatal accidents, one of the
drivers has been drinking. I doubt
that laws that make driving illegal
while intoxicated have saved many
lives. What we really need are peo-
ple who are determined to avoid ac-
cidents.

The FAA was a poor example.
I'm a private pilot and find most
FAA regulations unnecessary. Like
automobiles, over 909 of aircraft
accidents are resulting from human
errors. Airlines and aireraft manu-
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The First
3/a" Lighted Pushbutton Switch
With 6 Pole Double Throw Capacity
and Plug-In Convenience

New Breakthrough in Switch Design. ORCON is the first lighted pushbutton switch
that matches the needs of today’s technology in design versatility, operational
flexibility and ease of maintenance. Here's why:

25% Smaller — only 34" Diameter.

Multicircuit capacity — 2 pole double throw through 6 pole double throw
— other variations available.

Plug-in convenience — optional connector simplifies installation and
maintenance.

Isolated self-aligning contacts — for increased reliability.

Independent light circuit — accepts incandescent or neon without lens modification.
Operating action versatility — choice of four actions.

“Customized” to your exact requirements from standard options.

Developed by USECO engineers for Computer and Data processing equipment,
Tape Recorders, Telemetering Devices, Control Panels, Broadcasting Consoles
and Business Machines, ORCON'’s advanced features are adaptable to an expand-
ing variety of new applications, and are available for immediate delivery. Please
contact us with your specific needs.

For complete information send for the
illustrated technical brochure today.
USECO DIVISION, 13536 Saticoy
Street, Van Nuys, California. Phone
(213) 786-9381.

¥ ‘USECO TRADEMARK, PATENT PENDING

W DIVISION OF LITTON INDUSTRIES E
® |
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o
FROM &Sca,.vﬁf"gFIRST IN DATA CONTROL
P

Now vou can

with the

-UVERTER

10 million 6 bit words

per second

This all solid state ‘“Video" Speed
Analog to Digital Converter provides a new
generation of ultra high speed measurements at 0.5%,
accuracy. Parallel output words are obtained at 100 nanosecond
intervals. Here is a proven design that uses a delay line digitizing
technique and ‘“recognizes’ high frequency pulses.

Epsco Analog to Digital Converter capability covers the entire
spectrum of accuracy and speed.

Standard Units include:

Model TWV-744 — Six Bit Videoverter operates at 10 Mc.

Model TWV-745 — Seven Bit Videoverter operates at 5 Mc.

Model MSA-8 — Eight Bit 1 Mc Analog to Digital Converter.

Model AS-2 — Ten Bit integrated circuit Analog to Digital Converter
operates at 50 Kc.

DATRAC Il — Ten to fourteen Bit Analog to Digital Converter opers
ates at 25 Kc.

Compatible Digital to Analog Converters are available for all Models,
Special Units are also available.

€psco ™

411 Providence Highway, Westwood, Mass. 02090 Tel. (617) 329-1500
ON READER-SERVICE CARD CIRCLE 18

Write for
Technical Literature.

LETTERS

facturers don’t want accidents. Ac-
cidents hurt their business.

Accidents don’t hurt auto-makers
because people know that’s not
where the blame lies. If it would,
automakers would emphasize safety
instead of horsepower.

Most people aren’t safety-minded
anyway. The use of seat belts is one
example. Regulations may help in a
few cases. The people who will use
seat belts are the same ones who
would have bought them anyway—
law or no.

If you really want to save lives on
our highways, start trying to re-
make people, not redesign automo-
biles or pass laws. Who says it can’t
be done?

J. W. Streater
Gardenpark Drive
Chagrin Falls, Ohio

NASA corrects ED slip

and defends its circuit
Sir:

Your Oct. 11, 1965 issue pub-
lished the NASA Tech Brief B65-
10072, titled “Pulse Generator Needs
No External Power” (p. 122). This
gives a brief description of circuitry
developed by us for use in scientific
satellites. Your published schematic
was in error in that the base of
transistor @, was shown connected
to both the diode D, anode and the
emitter of @,. The base of @, should
be connected only to anode of D,.

Your Dec. 6, 1965 issue published
a letter by W. J. Godsey titled
“NASA Took Hard Way to Pulse
Generation,” where he suggested
that the circuit was “much more
complex than necessary” and pre-
sented an alternate solution.

There are several reasons why
the NASA Tech Brief circuit was
presented in the form shown rather
than in the form presented by Mr.
Godsey. By comparing the two cir-
cuits, it can be seen that the two
are identical except for the output
stage. The Godsey circuit’s output
stage is a self-regenerative switch
(the regenerative switch incorpo-
rates @,). The self-regenerative
switch is characterized by high sus-
ceptibility, spurious turn-on and
difficulties with stable turn-off. To
avoid these characteristics, the
NASA Tech Brief circuit’s output
stage is a highly stable, limited-
gain amplifier providing very good
immunity to spurious turn-on and a

ELECTRONIC DESIGN



stable turn-off characteristic. Fur-
thermore this ecircuit allows for
wide variations in the base level of
the input signal, a condition not tol-
erated by the self-regenerative
switch because of its restrictive
turn-off characteristics.

Obviously many different circuits
may be used as the output stage.
The choice depends upon the intend-
ed use. The circuit presented in the
Tech Brief is considered generally
applicable and ample to convey the
principles of operation. As indicat-
ed in the Tech Brief notes, a tunnel
diode may be used in the output
stage. A limiting resistor connected
in series with a tunnel diode from
@, collector-to-common, gives an
output pulse with a very fast rise
time across the tunnel diode. The
rise time is essentially independent
of the input signal’s fall time. If the
required output voltage is greater
than that provided by the tunnel
diode, a limited-gain amplifier may
be used as the output stage.

Ciro A. Cancro
Paul J. Janniche Jr.
Solid State Devices Section
Flight Data Systems Branch
NASA Goddard Space Center
Greenbelt, Md.

Accuracy is our policy

The author of “Avoid over-inte-
gration . . .,” beginning on page
56 of our Feb. 1 issue, points out
the following corrections and addi-
tions:

Fig. 3 (p. 58)—The signs for
values along the ¥ axis of the trans-
fer function should be reversed.
Starting from the origin, these val-
ues should read +10, +5, —5, —10.

Fig. 4 (p. 59)—R,; should be
2k. The zener diode coming off this
resistor is a 1N759A.

Fig. 6 (p. 60)—R; and R,
are both five-watt resistors.

The first sentence of paragraph
four of Idea for Design #115
(E|D, February 15, 1966, p. 98)
states: R, = 1.87 ohms. This is
incorrect and should read » = 1.87
ohms.

The procedure cannot be blind-
ly and mechanically done without
thought. It must be kept in mind
that the first of his operations is to
determine the radio R /7, and its up
to the operator to carefully read
what that ratio is.

April 12, 1966
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9
CUTS?

Because it takes 9 different crystal cuts to cover the
frequency spectrum. Hughes makes quartz crystal units
in all 9 cuts, from 1kc to over 150 mc!

There’s another reason for making 9 cuts. Usually any
one frequency can be handled by several different cuts,
but some cuts display better frequency tolerance with
temperature than others. Hughes has the capability to
provide the cut needed over any operating temperature
range for minimum frequency drift.

Whether you need custom or MIL spec units in proto-
type or production quantities, why not call on Hughes’
broad experience and engineering depth for all your
crystal requirements. For specific information call or
write Hughes Electronic Devices, Newport Beach, Calif.

Leader in Frequency Control Devices e A L e o
HUGHES AIRCRAFT COMPANY

ELECTRONIC DEVICES
NEWPORT BEACH, CALIFORNIA

ON READER-SERVICE CARD CIRCLE 19
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Up to 72% smaller than MIL-C-25C paper capacitors!

MIL-C-19978B/2 reduces capacitor size drastically—
down to .125” diameter by }4” long. At the same time
electrical characteristics are upgraded sharply.

MIL-C-19978B/2 hermetically sealed mylar* capacitors
are available now from TRW with immediate delivery
in production quantities.

= REDUCED SIZE—35% to 72% smaller than MIL-C-25C.
= VOLTAGE CHOICE—30V, 50V, 100V, 200V, 600V, 1000V.
® CAPACITANCE CHOICE—.001 mfd through 10.0 mfd.

= TOLERANCE CHOICE—*10%, £5%, +2%, *1%.

For full information contact: TRW Capacitors, 112 W. First St.,
Ogallala, Nebraska. Phone: 308-284-3611 - TWX: 910-620-0321.

These capacitors—when designated TRW Type 693—are available to high reliability specifications, and in

custom capacitances and tolerances beyond the range of MIL-C-19978B/2. *Du Pont registered

i trademark

TR WCAPACITORS

ON READER-SERVICE CARD CIRCLE 20
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E/D EDITORIAL

Engineers are too often
silent on major social issues

Today is a time of dynamic social action in our nation. Yet we
seldom hear of engineers who are involved in social projects.

It is a time for solutions to urgent problems such as poverty,
racial integration, public health. But the voice of the engineer is
an inaudible whisper.

It is an era of “causes”—for or against this or that war; sup-
porting or opposing traditions of free speech. Where does the
engineer stand?

Too often he appears to stand in no-man’s land on all these
issues. Publicly he is neither for nor against; he is too occupied
with mechanical things, observers are apt to generalize, to take
any great interest in people and the world around him.

The results of such reticence are unfortunate. As professional
people, engineers certainly have the capacity to be among the best-
informed and most responsible members of the community. When
they shirk—by inaction—their public duty to speak out on im-
portant issues, highly emotional and often poorly informed in-
dividuals frequently take over. The solutions proposed by these
latter are usually over-simplified, unworkable.

We recently observed on New York’s Fifth Avenue a march by
hundreds of anti-war demonstrators. Their solution to the whole
Far Eastern problem was simply to stop fighting there and pull
out at once. It seemed to concern no one that a simple withdrawal
without resolution of some of the underlying issues of the con-
flict would create more problems than it solved. On the side lines
during this parade were an assortment of neo-Nazi hecklers. One
of them proposed that the only way of dealing with the marchers
was to set up machine guns at the street corner and mow them all
down.

Do we want our Government to respond to such warped
agitation? Or would we rather it view the major problems of
the day with a broad perspective and develop realizable, con-
structive policies for the achievement of our national objectives?

In our kind of free society, government does respond to the
pressures of the governed, but the voices of the governed must
be heard. If the thousands of intelligent engineers in this
country were to contribute in some small way by participating
in community groups, some change could take place. It’s not hard
to imagine progress if the same cool, reasoned approach that
engineers are expected to bring to their work were applied to the
great issues of our day.

ROBERT HAAVIND
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Infinite resistance at null to 1100 volts is

one feature of our new solid state differential
voltmeter. Accuracy to =0.0025% of dial
setting is another. Price of $1095 doesn’t hurt
our cause either. Ratio measurement lets

you compare two external sources with

a resolution of 0.0001%. In the TVM mode,
input resistance is 100 megohms. Reference
regulation is 0.0002%. Stability is 13 ppm
peak-to-peak per 60 days.

Of course, that’s not the whole story. Other features include 6 digit inline
readout with a dial resolution of 1 ppm. The recorder output is well

~ isolated and linear to within 0.5% of end scale. Ten percent

overranging minimizes range changing and offers increased resolution on
the lower end of each range. A continuously adjustable last digit

" allows exact null and eliminates meter interpolation for resolution.
: The half-rack Model 895A weighs 16 pounds.

£ « Box 428, Seattle,Washmgton 98133 . Phone (206) 776- 1171 « TWX: (910) 449- 2850
, ON READER-SERVICE CARD CIRCLE 231
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AC metrology will never be the same after
the Fluke 931A, the first true rms differential
voltmeter. Measure the precise rms value of
virtually any waveform within 0.05% from

30 Hz to 50 KHz. Overall frequency response
is 10 Hz to 1 MHz. Range is 0.01 to 1100 volts.
Ten to one crest factor accounts for effects
caused by voltage spikes and pulse trains.
Comes with or without probe. Both line or
combination line/rechargeable battery powered
versions are offered. Base price is $895.

The new Fluke Model 931A True RMS Differential Voltmeter yields accurate rms measurements of any
- waveform which previously could be made only by ac to dc comparison with a thermal transfer
standard. Other features include high input impedance, in-line digital
readout (lighted decimal), solid state design, and linear recorder output.
The null meter indicates percent deviation from the dialed voltage.
Ten percent overranging minimizes range changing.
Battery operation gives ideal isolation from ground loops.
- Model 931A meets MIL-SPEC shock and vibration requirements.
For complete information, please call your Fluke Sales Engineer or write.

FLUKE - Box 7428, Sea;ttle,Washmgton 98133 + Phone: (206) 776-1171 - TWX: (919) 449-2850
: A ON mﬂ S-VICE‘ CARD CIRCI.E
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Progress Report on
:)5 PRECISION Ceramics

CRITICAL TOLERANCES HELD WITHOUT GRINDING

lllustrated approximately actual size. Significant dimensions and tolerances are given.

Holes .060 == .002

247 =+ .003 x .140 == .003
Thickness .033 = .002

L 5 Steatite
0. D. .3705 =% .0015

0. D. .280 =% .005
Thickness .019 == .002
Holes .025 == .002

Center Pin .250 == .003 x
.195 %= .003

Holes .065 =+ .002

Shoulder Thickness .068 == .003

PHONE 615 265-3411, CHATTANOOGA, TENN. 37405

The electronic industry has faced a con-
tinuous demand for more performance in
less space and for reliability and long life.
In many microelectronic applications, the
key has been precision AlSiMag custom
made ceramics. They are strong, have de-
sired electrical characteristics and are use-
ful in a wide range of temperatures.

Since 1960, American Lava has produced
miniature ceramics in volume to close tol-
erances without grinding. large plant
areas are devoted to the special equip-
ment and trained personnel required by
the growth of this precision work. Volume
production at favorable cost covers a wide
range of designs, many of them intricate.

Where Heat Dissipation Is a
Primary Problem

AlSiMag precision ceramics are principally
alumina ceramic compositions. As elec-
tronic devices became smaller and circuit
densities became greater, a number of
problems of heat dissipation were created.
In some instances the answer has been
found in AlSiMag 754 Beryllia* ceramic
composition which conducts heat rapidly
and efficiently.

AlSiMag beryllia ceramics now can be
processed to dimensional tolerances close-
ly comparable to AlSiMag alumina ce-
ramics. Certain flat shapes in AlSiMag
beryllia ceramics can be supplied with an
“'as fired’’ surface as smooth as 15 micro-
inches CLA ...the only beryllia ceramic
available in this range of smoothness.

Prototypes of AlSiMag ceramics to your
specifications permit your complete eval-
vation. Many designs can be hand made
promptly and at reasonable cost. Our
technical people will give you their com-
ments if you will send details of your
requirements.

*WARNING: It should be noticed that
special precautions are necessary to in-
sure safe handling of beryllium oxide
ceramics.

American Lava Corporation 3m 15
COMPANY

A SUBSIDIARY OF

Holes .034 =+ .001 Shank 0. D. .142 == .001

Shank 0. D. ,063 == .002
Shoulder 0. D. .110 =% .002

.525 = .003 On Contour
Holes = .002

Width .400 = .005 Hole .0775 = .0025 x
Thickness .070 + .000 .180 == .002
— .005 Hole Center .329 = .003

All Holes == .002
Thickness = .002
Hole Center = 1, %

0::D.1:372 ==..002

Counter Bore Diameter
.2825 == .0025

Holes .064 == .0015

Shank Diameter .098 = .002
Shoulder Thickness .050 == .001
Hole .042 = .002

YEAR

For service, contact American Lava representatives in Offices of Minnesota Mining and Manufacturing Company in these cities OF

(see your local telephone directory): Atlanta, Ga. ® Birmingham, Mich. ® Boston: Needham Heights, Mass. ® Chicago: Bedford
Park, lllinois ® Cleveland, Ohio ® Dallas, Texas ® Laurens, S. Carolina ® Los Angeles, Calif. ® Metropolitan New York: Ridgefield,
New Jersey ® Up-State New York: Baldwinsville, N. Y. ® Philadelphia, Penn. ® Roanoke, Virginia ® South San Francisco, Calif.
All export except Canada: Minnesota Mining and Manufacturing Co., International Division, 700 Grand Ave., Ridgefield, N. J.

CERAMIC
LEADERSHIP §
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Why not try IC counters? eace 62
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Design high-frequency amplifiers graphically,
relating stability, gain, bandwidth and sensitivity
with easy-to-construct Linvill-Smith charts.

When designing high-frequency amplifiers, the
engineer must determine if the transistors are
stable or potentially unstable at any specified
frequency. If the devices are potentially unstable,
he must select loads that assure stable operation.

A graphical technique can be used to relate
device stability, gain, bandwidth and sensitivity.
This approach permits the engineer to analyze
and design high-frequency transistor amplifiers
rapidly.

The general equations for input and output
powers of a two-port, linear active network de-
seribe respectively, the geometrical forms of an
inclined plane and a parabola of revolution. Pro-
jections of intercepts on these geometric surfaces
can, in turn, be related to circles on a Linvill chart
(modified Smith chart) that represents the per-
formance of the network at a specific frequency.
Any point on this chart can be shown to represent
a specific gain and a value of load (Yy).

Derivation of the Linvill technique

A transistor stage operating well below saturat-
ed conditions can normally be considered a linear
active two-port network, and thus can be repre-
sented by the diagram shown below.

I, —m R
P; Po

The positive directions of voltages and currents
are arbitrarily selected as indicated. P; and P,
represent the input and output powers of the two-
port network for any set of current and voltage
conditions. The Y parameters of the network
under consideration, Y., Yi., Y. and Y., are
indicated by the symbol [Y]. Each of the net-
work Y parameters is, in turn, made up of real
and imaginary parts as follows:

Y=g +3b,1;=Re Yy, +iIm Y.,

Y .=g12+7b.=Re Yy, +jIm Y,,,

Y.i=0:t+7bsun=Re Y, +jIlm Y.,

Y222922+.7‘b22=Re Y22+jlm Yo.. (1)
For a specific frequency, applied voltage and

John Lauchner and Marvin Silverstein, Motorola Military
Electronics Div., Scottsdale, Ariz.
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operating current, these Y parameters are fixed
values.

Voltages E, and E, are the exact voltages at
the input and output network terminals. The
generator source and load terminal voltages can
differ from E, and E., due to voltage drops in
source internal impedances and lead impedances in
series with the load circuit.

If the value of E, is selected to be of unity
magnitude and zero phase angle, the proportional
relationships between input and output powers,
voltages and currents are not changed. Therefore
in the following derivation the input voltage to the
network is assumed to be

E.=1+30. (2)
This assumption simplifies the derivation for

the geometrical surfaces that represent the net-
work input and output powers with various loads.

'\ P, PLANE

.

o -

1. The input power plane (P;) and the output power para-
bola (P,) are represented in this three-dimensional figure.
Maximum available power (P,,) is obtained from the P;,
input. L and M are the real and imaginary components,
related by 6, of the output voltage E,. P,, and P;, are an-
other arbitrary set of points.

ELECTRONIC DESIGN



From the two-port network shown,

B, =—==. (3)

Also, the general network equations for input
and output currents are:

11:Y11E1+Y12E2; (4)

L,=Y, E,+Y,, E.,. (5)

In Eq. 3, let @ + jb represent the complex nota-

tion of the value of E., the output voltage. Then

a + jb can be represented, in turn by a con-

stant (—Y.,/2ReY,,) times another arbitrary set
of complex terms, L + jM:

-1 =)
E2=T:'=a+jb=(L+jM)—2§-cfnTz (6)

This relationship and the constants L and M
simplify the graphical representations of the
network power equations. The input and output
power equations for P; and P,, in terms of L, M
and the network Y parameters, can be derived:

P = i Ym Y21
l—ReY11 + L Re WY“
Y12 Y21
+ MIm [2—ReY—H] (7
and
B ol st O
ST R o B (8)

Since the Y parameters are assumed constant,
the L and M terms are the only variables on the
right side of Eqs. 7 and 8. In a three-dimensional
coordinate system that has axes L, M and P, the P;
equation results in an inclined plane and the P,
equation in a paraboloid. A pictorial representa-
tion of the three-dimensional power surfaces is
shown in Fig. 1.

The intersection of the parabolic P, surface
with the L, M plane is a circle of unit radius with
center at L=1, M=0. This circle represents zero
output power.

The P; plane intersects the parabolic surface at
an angle to the vertical and the L, M axes, as
determined by Eq. 7. Any point on the L, M plane
represents a particular load that is applied to the
network. Combining Egs. 2, 3, 5 and 6, we get:

2ReY,, )
L+ M "

This equation, which has the variables Y,, L
and M, indicates that any load (Y,) can be repre-
sented by a particular set of L and M values.

Y, +Y,=

Power gain analysis

As shown in Fig. 1, a set of L and M values has
a corresponding set of P, and P; values directly
above on the two power surfaces.

If the P; plane in Fig. 1 is viewed from the edge,
and parallel with the L, M plane, the orientation
presented in Fig. 2 is obtained.

April 12, 1966

P, PLANE

P, SURFACE

L,M PLANE

P =0 LM, ' L=l
M=0

2. Maximum-gain conditions are determined from this
view of Fig. 1 along the L,M plane. The ratio of points P,
and P,, gives the maximum gain G,,, at the arbitrary
point. G,,, the maximum gain at the maximum output
power, is similarly derived from P,./P;,.

Note, from Figs. 1 and 2, that a power output
point, labeled P,,, is located at the apex of the
parabola, directly above the L=1, M =0 point. P,
represents the maximum power that can be deliv-
ered to a load by the linear active network when
E;=1+3j0. From Eq. 9, the load Y, that pro-
duces P,, is:

Y, =—Y,,+t2Re Y,,=Y,*, (10)

where Y..* is the conjugate of Y...

Fig. 2 also shows that the input power P;, for
this maximum output power is directly below P,,
on the P; plane. The values of P,, and P;, are
determined from Eqs. 7 and 8 when L=1, M =0,
and they are:

P = ¥yl (11
0 4 ReY,; )
Re (Y12 Y21)
P,=ReY, — ——5>-2_ (12)
i 1 2ReY,,

The resulting power gain for this set of load
parameters is:
P00 |Y21|2
o P, dRBe Y, ) Re(¥,)—~2Re (X ¥,
(13)
Note that the gain (G,) at maximum power
output (P,,) is mot the maximum available gain
from the network. On Fig. 2 a line is drawn from
the P; = 0 intersection to a point of tangency
with the P, surface at P,,. Directly below this
point on the P; plane is the input power point P;,
for the load L,, M,. This set of points yields the
maximum ratio of P,/P;; hence the maximum
power gain Gu.

G

io

Analyzing for stability

For unconditionally stable operations, regardless
of the load connected to the linear active network,
the value of C(P;,) in Fig. 2 must be less than
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P;,. Therefore C must be less than unity. If C is
greater than unity, the P; plane will intersect the
P axis below the L, M plane. Under these condi-
tions, there would be points on the P, surface above
the negative points on the P; plane. This means an
output power for negative power input. Conse-
quently the stage would be unstable for all loads
on the L, M plane above the negative values of P;.

The stability factor, C, in terms of network Y
parameters, can be shown to be:

POO Yl'.’
C=2 <Pm> =

21

If 1 < C < o, the circuit is potentially unstable.
If 0 < C < 1, the circuit is unconditionally stable.
If C = 1, the circuit is critically stable—that is, it
is on the threshold between regions of potential
instability and unconditional stability.

Also, observe that all planes, drawn from P; =0
with a slope less than the one passing through P,
but greater than the slope of the P; plane, will
intersect the parabolic P, surface at a locus of
equal gain points. The projection of these surface
intersections to the L, M plane will result in a
series of circles on the L, M plane, representing
equal gain circles of various values as shown in
Fig. 3. These gain circles are not concentric. The
centers of the lower gain circles move toward the
L =1, M = 0 point. Any point on a selected gain
circle represents a load, Y, that will give that
particular gain.

In Fig. 3 the values of the gains and the dis-
tances to the centers of the constant-gain circles,
from the L = 1, M = 0 point, as well as the radii
of the circles, can be determined in terms of the C
factor.

To determine the distance (d) from L=1, M=0
to the center of the various gain circles, the fol-
lowing derived equation is used:

(d) = —g%, (15)

(14)

where g=the ratio of the power gain of the de-
sired gain circle to the value of P,,/P;,, and a
unit of length is equal to the radius of the P, = 0
circle. (The negative sign refers to the opposite
direction from the positive gradient line.)

For example, if the center of the constant-gain
circle 3-dB below P,,/P;, is desired, the distance
to the center from the L = 1, M = 0 point is
—1/2(C/2).

Note, from Eq. 15, that there is a constant gain
circle of a P,,/P;, value that has a center at
—C/2 from L = 1, M = 0. This circle represents
all load values that yield a gain equal to the conju-
gately matched power gain, G,,.

The centers of the constant-gain circles all lie
on the same straight line that passes through L =
1, M = 0. The positive direction of the gradient
line and the angle with respect to the L axis can be
calculated from

Sy ImAY Y, )
= tan™! —- ¥,Y,)" (16)
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3. Equal-gain circles are projections of the intersection
of the P, plane and P, paraboloid on the L, M plane. Any
point on the selected gain circle represents a load. The
centers of the lower-gain circles approach the L=1, M=0
point. (d is the distance from this point to the circle cen-
ter, and r is the radius.) These circles are superimposed
on a Smith chart to complete the analysis.

The radii () of the constant-gain circles is
determined from

r=\1-g+(s2) am)

In the special case of G, the value of g is
K,, where K, is equal to the multiplier of (P,./
P;,) in Eq. 18. It can be shown that

e era i W P
Gma.r=2[1 Clz Cz:l oo—K_oq-

Py poke)
Gmae Occurs only at a single point.

The inconvenience of converting with Eq. 9 a
point, L + jM, to an actual load value, Y, can be
simplified by converting the L, M coordinates to
Smith-chart coordinates, as shown in Fig. 4. The
conversion consists of superimposing the center of
the Smith chart on the L=1, M =0 point, with the
zero-reactance line coincident with the L axis.
Also, the circumference of the Smith chart is
superimposed on the L, M plane circular intercept
of the P, surface, such that the L = 2, M = 0
point is coincident with the zero-impedance point
of the Smith chart.

If Eq. 9 is set equal to real and imaginary
admittance values G. and jB., such that

(18)

0

29,5,
L + jM
where G. = ReY;, + g.. and B. = Im Y, + b.,,
then G. and jB. values can be obtained from the
superimposed Smith chart by the following:

(a) Let each of the real impedance value num-
bers printed on the Smith chart (horizontal
axis) represent a conductance value (g.) that is
equal to G./9.. —1.

(b) Let each of the imaginary impedance num-
bers printed on the Smith chart (on fan-out lines)
represent a susceptance value (jb.) that is equal
to §B./g.., with negative values on the same side

Y+ Y, = =G, +jB,, (19

ELECTRONIC DESIGN



4. Smith chart with superimposed equal-gain circles re- er analysis. Points A and B are used to find the desired
lates stability, gain, bandwidth and sensitivity for amplifi- load circuit for the design example.
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of the chart as are negative reactance values.

The above interpretation permits G. and jB,
values to be obtained from the conventional Smith
chart readings and then converted to the corre-
sponding Y, value. However, a further sim-
plification can be made so that load values can be
read directly from the chart.

The real part of the load can be read directly
from any point on the superimposed Smith chart
by multiplication of the printed real number for
that point by g...

Similarly it can be shown that the imaginary
part of the load can be read from the imaginary
printed chart number for that point by the rela-
tionship

el )

c 922 H
which states that the printed imaginary number
representing a given point can be converted to
the imaginary part of the load by multiplying
by ¢,. and subtracting b, from the product.

These modifications to the Smith chart permit
the designer to find the value of Y, represented
by any point inside of the intersection of the P,
surface and the L, M plane. All terminations that
can provide stable operation with positive gain lie
inside of this circle.

(20)

Applying a design example

In the following example a single-stage, com-
mon-emitter, 200-MHz amplifier design will be
developed with the use of published Y parameters
for the 2N3783 transistor.

The arbitrarily selected design parameters are:

VCE = 10 VOltS.
I(v =4 mA.
fo =200 MHz.
BW (3dB) = 30 MHz.
8 = 0.3 max (sensitivity factor).
G, = 15 dB min (power gain).

Source and load terminations = 50 ohms.

The 8§ term represents the sensitivity of changes
in input admittance to the stage, with respect to
changes in load admittances. This characteristic is
particularly important in IF-strip design, because
the change in load of a latter stage—due to tem-
perature, loading changes, etc.—should not cause
an appreciable change in load of each preceding
stage, and thereby significantly detune the com-
plete amplifier. Typical amplifier designs utilize a

Table I. Linvil chart gain circle data

g(ratio) [g(dB) | Power gain |Distance Radius
(dB) (d) (r

1.38=K.| 1.4 19.7=(G,,,,)|—0.618 0

1 0 18.3=(G,,) |—0.448 0.448
0.793 —1 17.3 —0.355 0.577
0.630 —2 16.3 —0.282 0.663
0.500 —3 15:3 —0.224 0.742
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8 value of 0.3 or less. Smaller values of § would
represent greater mismatch of the load, resulting
in reduced gain. Simultaneously increased isola-
tion between output-load changes and input-
immittance variations is, however, obtained.

The common-emitter Y parameters obtained
from the 2N3783 data sheet are:

Yie=Y,,=20+713 millimhos.
Y.e=Y:,=—0.0156—70.502 millimhos.
Y=Y, =41.5—364 millimhos.
Yoe=Y.,=0.256+71.9 millimhos.

The power gain, G,,, representing the gain
when the output power is the maximum theoreti-
cal value for a given input, is determined from Eq.
13. It is equal to 68.04, or 18.3 dB.

This value should be a few decibels higher than
the desired operating gain, to permit some load
mismatch that improves the ‘“nonunilateralness”
of the stage.

To determine if the network is unconditionally
stable regardless of load parameters, C is calculat-
ed from Eq. 14 and is equal to 0.895. Since C is less
than unity, the network is unconditionally stable,
regardless of load.

The gradient angle 6 is required to locate the
loci of center points for constant-gain circles on
the modified Smith chart. Eq. 16 yields § =
—80.91°,

The maximum available gain, Gn.., as deter-
mined from Eq. 18, equals 93.89 or 19.72 dB. The
difference between G,.. and G,, is less than 2 dB.
Theoretically G,, is always within 3 dB of G-

The distance in L, M units from the center of
the modified Smith chart, or from the L = 1,
M = 0 points to the respective centers of the con-
stant-gain circles, is indicated in Eq. 15. For ex-
ample, g for the case of G iS

W, 9389
g e 1.38 = K,.

The distance of G,.. from the center is, from
Eq. 15, —0.618. Notice that the voltage reflection
scale (on the Smith chart) is a linear scale from 0
to unity in the length of the radius of the chart.
This scale can be used to set a compass to position
the centers of the circles from the center point of
the chart.

From Egs. 15 and 17, then, a listing of gains,
location of centers, and radii can be compiled, as
shown in Table 1.

The third through fifth rows in the table corre-
spond to the constant-gain circles in one-decibel
steps below the reference gain G,, (18.3 dB).
Drawing the constant-gain circles on a modified
Smith chart results in the plots of Fig. 4. There
are two additional constant-gain circles on the
illustration. These will be considered later.

The exact value of the sensitivity factor can be
calculated from

)

S Yiy b L A ‘ﬂ‘_ .
dYL K2 i YL Yll
YL
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(21)

Yo,
Yo + ¥, +—5—(e¥)

iR

where e/* = cos § + jsin 6. However, if Y, is con-
siderably larger than Y,., as is the case for low
values of §, and if § is chosen significantly smaller
than unity,

|Y12 Y21|

8 = T,
Yl - 17

(22)

This equation will be used as a first approxima-
tion. After finding the resulting value of Y, we
can then calculate the actual value of § to verify
that it is still equal to or less than the selected de-
sign value of 0.3.

Solving the simplified § equation for Y, with
8 = 0.3, we get: |Y;| =5.33 millimhos.
If it is assumed that the real part of the load,
Re(Y,), is approximately equal to the absolute
value of the load |Y;|, then the following is true:

Y
Re (Y,) = |Y,| = [ Ig |

]gni2L3%r

22

This assumption will be carried through to
assist in determining the corresponding imagi-
nary part of the load. Although this is not an
exact approach, if the resulting final values of
Re(Y,) +7Im(Y,), when inserted in Eq. 21, do not
give a value of 8§ greater than 0.3, the load values
are valid and usable.

If we consider the real part of the load equal to
21.3 g.., a constant-gain circle that is tangent to a
constant-conductance circle, which represents all
points for which Re(Y;) = 21.3 g.., will provide
the maximum possible gain. :

To locate this constant-conductance circle on
the modified Smith chart, the chart’s real numbers
are read as Re(Y.)/g.. values. Since the Smith
chart is not highly detailed in this region, a con-
stant-gain circle that is tangent to the printed
Re(Y,)=20g., circle can be used instead. The
additional error is small, and the determination of
actual chart values is simplified.

None of the original set of computed constant-
gain circles is tangent to the Re(Y ;) = 20 g.. con-
stant conductance circle. However, by comparison
with the 16.3-dB-gain circle, it is easy to see that a
gain of about 16 dB would be tangent to the 20 g..
circle. Calculating the center and radius of the 16-
dB constant-gain circle, we get: g=—(18.3—-16) =
—2.3 dB. From Eq. 15, d = —0.263, and, from
Eq. 17, r = 0.695.

The resulting plot of the 16-dB constant-gain
circle is tangent to the Re(Y.) = 20 g.. circle, as

shown in Fig. 4. From this point of tangency, the’

corresponding imaginary part of the load can be
read as —j2.0 from the standard Smith-chart
scales. This represents an Im(Y,) value of —2.0
922 — b... Substituting values for g.. and and b.,,
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5. Author Lauchner describes the final design of the 200-
MHz amplifier circuit in the example.

Re(Y.) = 20(0.25) =5 millimhos.
Im(Y.)= —2.0(0.25) —1.9= —2.4 millimhos.
or Y, = 5—32.4 millimhos.

Inserting Y,=5—32.4 millimhos into Eq. 21,
we verify that 8 is equal to 0.227, which is less
than 0.3. Thus § is within the originally specified
limits. A slightly higher gain circle and corre-
sponding lower Y, could have been used in the
calculation without exceeding a § value of 0.3. At
the designer’s option, this higher gain condition
can be determined by modifying and repeating the
previous steps until the maximum allowable value
of § is achieved.

Matching the circuit to its loads

The remaining analysis is directed toward
matching the 50-ohm source and 50-ohm final
termination to the transistor without changing
the effective load that is presented to the transis-
tor from the value of Y, previously determined.
Simultaneously the bandwidth requirements will
be established by proper selection of matching
component values.

Since the constant-gain circle passing through
the 3-dB bandwidth points will be 3 dB below the
16-dB-gain circle previously determined, the 13-
dB, constant-gain circle must be plotted for use in
determining the load circuit that will provide the
desired 30-MHz bandwidth: d = — 0.132, » = 0.850

Drawing this circle, as shown in Fig. 4, we
locate the values of the load susceptances at the 3-
dB bandwidth extremes. Since the conductance
will not change with frequency, these points will
be at the intersection of the Re(Y.)=20 g¢..
constant-conductance circle, and the 13-dB, con-
stant-gain circle indicated by points 4 and B on
Fig. 4. The values of the standard Smith chart
markings are —jbc,= —327, and jb.s =723.

The values in terms of Im (Y}) are:

Im(Yp.)=—27 2. —bos,
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Im(Y5) =23 g2o— b,

Thus the change in susceptance over the frequency
range of the 3-dB bandwidth is

AB=Im Y, ;—Im Y, ;=50 g,,=12.5 millimhos.

To calculate the output circuit capacitance
necessary for the required bandwidth, consider
the characteristics of a simple L-C parallel reso-
nant circuit. The susceptance change, over the
—3-dB bandwidth, AB, is b, — b..

The general equation for b, is

1
bx = mlC o o, iAo (23)
Therefore since b, = — b, it can be shown that
1
5 [AB (0, +@)]  ,p
Cror = 0?2 — 0 = 200" (24)

For the desired 30 MHz 3-dB bandwidth, then, the
total capacitance necessary to establish the band-
width is 33.2 pF. This value of capacitance in-
cludes the output capacitance of the network and
the effective input capacitance of the load.

The above calculations assume that the over-all
specified amplifier bandwidth is established in the
network output load and is not influenced by the
input circuits. This is valid, because in this exam-
ple the bandwidth of the input matching circuit is
purposely selected to be very broad, and hence will
have negligible influence on the over-all bandpass.

Next, the output capacitance of the network
must be calculated, to determine the portion of Cror
required in the output load, Y,. However, before
the output capacitance of the network can be
determined, it is necessary to determine the input
admittance of the network plus load from

Ylé Y21

Y,N =y W = 25.83 + j17.28.

The source admittance (Yg) at the network
input terminals is equal to the conjugate of the
network input admittance for maximum power
transfer; therefore, the source admittance is

Y =25.83 —717.28 millimhos.

The output admittance of the network with the
source connected is

Y12 Y21
Yn iy Yu

The value of Coyr for the network with conju-

gate input source attached is
B oo 2.391 x 102
C ourT = =
® 27 (200 x 108)

The capacitance needed in the load to establish
the bandWldth is CL - C'ror o Coyr = e pF.

Since the load susceptance from the determined
value of Y, is —72.4 millimhos, it is made up of
the above capacitive susceptance, less the neces-
sary amount of load inductive susceptance, or:

|
ol[oC,—Im (Y))]

V= ¥y = = 0.918 + j2.391.

= 1.90pF.

L, = = 0.019uH.
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Next, the 50-ohm final termination must be
transformed to an effective resistance at the
transistor output, which is equal to the real part
of the previously determined load immittance.
Since the real part of the transistor load Re Y,
= 5.0 x 10-* mho, Re Z; = 200 ohms. Thus the 50-
ohm final termination must be transformed up to
200 ohms at the center frequency. This is accom-
plished with a simple capacitive transformer.

Since the real part of Y,y is a higher conduc-
tance than the generator (Y, = 20 + 70 millim-
hos), the transistor input must be transformed to
the generator admittance with a matching net-
work. Inductive transformation should be used.

One way to obtain the required matching com-
ponents is from a specially formulated Smith
chart. This chart consists of a normalized admit-
tance chart superimposed on a normalized imped-
ance chart (basically two Smith charts back-to-
back). By using the admittance chart for match-
ing network shunt elements and the impedance
chart for series elements (moving on the real
circles in each case), it is possible to match to a
50-ohm source without introducing loss in the
matching network.

Plot the normalized Y,y point on the admit-
tance chart, then move along the normalized
constant-reactance circle on the other impedance
chart for an indicated distance equal to — X ies.
Then move along the constant-susceptance circle
for an indicated distance equal to — Y, and
read the actual values from the chart.

To complete the final design shown in Fig. 5, an
RF choke is added to the base circuit for a de-bias
return. Capacitors C, and C; are RF by-passes,
and resistor R; and voltage V; are used to set
the desired bias current to 4 mA.

As indicated earlier, a device that is uncondi-
tionally stable at one frequency may be potentially
unstable (C greater than 1) at another frequency
with certain load terminations. However, with
proper termination, as determined from the
Linvill chart, stable operation can be obtained.

When accurate data cannot be interpolated on
the Linvill chart, the designer can use a larger
chart or employ these options:

(a) He can work, with reduced accuracy, in the
crowded region.

(b) He can select a constant-gain circle tangent
to a constant-conductance circle in the region of
20 g.. on the chart, and accept the resulting larger
sensitivity factor. The resultant sensitivity factor
can be calculated from Eq. 21.

(¢) He can select another device that will give
more favorable working conditions. = =

References:

“Transistors and Active Circuits,” John G. Linvill and
James F. Gibbons, McGraw-Hill, 1961, Chapter 11.

“High-Frequency Amplifier Design Using Admittance
Parameters,” G. Johnson, P. Norris, F. Opp, Elredio-
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This article was developed from the Nov. 4, 1965 issue
of the Motorola Engineering Bulletin, available from
Motorola.
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You CAN

BREADBOARD...

This MOS NAND Gate...‘ This MOS Shift Register...  This MOS Memory Circutt...
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This MOS Tuned Amplmer... Plus tHese...

= ]  Digital Differential
Analyzers
o Multiplexers
o Up-Down Counters

RESISTOR - 1/2W

...for only ’79°°

A $250.00 VALUE (Includes 25 MEM511A MOSFETS)

Here's an ideal way to bring your integrated circuit ideas to the
breadboard stage at extremely low cost . .. General Instrument’s
MOSFET KIT provides 25 MEM 511A MOS field effect transistors,
plus a special MOS CIRCUIT DIGEST containing a wealth of hard-
to-get design information. That's a $250 value for only $79.50! Kits
are available now, off-the-shelf, from your authorized Gl Distributor.
Call him today for immediate delivery.

- o Choppers

GENERAL INSTRUMENT CORPORATION
SEMICONDUCTOR PRODUCTS GROUP

600 West John Street, Hicksville, New York
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LOOK TO THE LEADER
IN INTEGRATED CIRCUITS

Immediately Available
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SN15930/SN15830 SN15931/SN15831 SN15932/SN15832
Dual 4-input Expandable J-K/R-S Flip-flop Dual 4-input Expandable
NAND Gate Buffer
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Fast-rise-time Pulse - triggered Binary “One Shot"'_ Triple 3-input NAND Gate
J-K/R-S Flip-flop Monostable Multivibrator
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from lexas Instruments

Your production requirements for 930-series DTL inte-
grated circuits can be filled by Texas Instruments — today!
The full family of eleven circuit types is available off-the-
shelf from TI and its nation-wide network of distributors.

TDI’s Series 15930 DTL integrated circuits are direct
equivalents . . . pin-for-pin and spec-for-spec. . .of com-
petitive types. You have a choice of temperature ranges
— full military or industrial —in the standard TO-84
hermetically sealed flat package.

These units are available from the industry’s largest and
most advanced integrated-circuit manufacturing facility.
TI’s Series 15930 DTL circuits are being volume-pro-
duced to fulfill your largest requirements — whether they
be 1,000 or 100,000 or 10,000,000 units.

For TI 930-series DTL circuits, contact your local TI
sales engineer or distributor. He can also provide infor-
mation on TI’s full line of more than 125 types of digital
and linear integrated circuits.

TYPICAL CHARACTERISTICS

Parameter Basic Gate Flip-flop
Propagation delay 25 nsec 50 nsec
Power dissipation 5mw 20 mw
Fan-out 8 7
D-c noise margin 750 mv 750 mv
Supply voltage 45t0 55 v 45to 55v
Temperature range

Series 15930 -55° to +125°C | -55° to +125°C
Series 15830 0° to 70°C 0° to 70°C

Typical circuit diagram for Series 15930/15830 NAND gate

i TEXAS INSTRUMENTS

INCORPORATED
13500 N. CENTRAL EXPRESSWAY
P.10.. BOX 5012 ¢« DALLAS 22. TEXAS

SEMICONDUCTOR PLANTS IN BEDFORD, ENGLAND « NICE, FRANCE « DALLAS, TEXAS

21719
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Need a pedestal-free gate? use
a diode bridge circuit and balance out those

unwanted spurious gating signals.

High-speed gates are often plagued by coupling
of the gating signal to the output. The result is an
output signal that rides on a “pedestal.” To elim-
inate this spurious signal, a bridge circuit can be
used to balance out the undesirable gating signal.
Though this particular discussion deals only with
diode gates, this concept can be easily extended to
designs using transistors or other devices.

Let’s consider the design of diode gates.

The choice of circuit configuration, a series or
shunt type of gate, is dependent on the output and
input impedances of the circuits to be gated.

A gate functions as a variable impedance con-
nected between a source and a load. In diode gates
the impedance varies from a few ohms, when the
diodes are forward-biased, to a few megohms,
when the diodes are back-biased. These limitations
on impedance variation restrict circuit perform-
ance and dictate the choice of circuit
configuration.

The two basic gate configurations are shown in
Fig. 1. The variable impedances, connected either
in series or in shunt with the load, are shown
within the dotted lines and represent either single
diodes or combinations of diodes.

The following analyses are for variable imped-
ances using single diodes, where R; is the diode
forward-resistance, R, is the diode back-resist-
ance and Cj is the diode capacitance. It will be
shown later that results obtained for the single
diode are applicable to practical diode bridge
circuits.

In this analysis, the ratio of the output voltage
when the gate is on (e,,) to the output voltage
when the gate is off (e,;;) is used as a measure of
circuit performance under static conditions only.
Assume that the diodes are biased properly for
each circuit condition analyzed. Transient consid-
erations will be discussed later.

Consider first the series gate, Fig. 1a. The gate
is ON if the switch is connected to R; and OFF if
the switch is connected to R;. Poor gating results
if the value of the load resistance is of the same
order as the value of R, since the attenuation is
then low for either position of the switch. If the
value of R, is of the same order as the value of
R, the gate can function as desired. Let R, equal
R;, assume R, is equal to zero, and neglect C, for

R. E. Morden and D. L. Hammond, E. O. Hulburt Center
for Space Research, U. S. Naval Research Laboratory,
Washington, D. C.
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the moment. With the gate ON,
Ry
on — 2 .

With the gate OFF,
L e By i e Ry
T~ Ry+R, Ry+R;’
Since Ry>>R; for a diode, this reduces to

e € Rf
B .
of Rb

The ratio of e,, to eo; is
€on Rb

s 2R;°
A non-zero source resistance adds to R; and
decreases this ratio. For high-frequency input
signals, C; also decreases this ratio.

Now consider the shunt gate, Fig. 1b. The gate
is ON if the switch is connected to R;, OFF if the
switech is connected to R;. Poor gating action
results if the value of the source resistance is of the
same order as the value of R, since the attenua-
tion is then low for either position of the switch.
If the value of R, is of the same order as the value
of R;, the gate can function as desired. Let R,
equal R;, assume R, is infinite, and again neglect
Cy. Performing the same operations as for the
series case, we find the ON to OFF ratio of a shunt

:E Bt €o
b

o
:E R €
] °

SHUNT GATE

®

1. Basic gate configurations, series gate (a) and shunt
gate (b), are shown in equivalent circuit form, within the
dotted lines.
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gate to be:

€on L0 Rb

esr 2R, °
A finite load resistance has the effect of decreasing
R, and so decreases the ON-OFF ratio. C; again
decreases this ratio at high frequencies.

The simplified analysis above emphasizes the
following distinction between series and shunt
gates:

m A series gate works well only if the source
and load impedances are low relative to R;, the
diode back-resistance.

m A shunt gate works well only if the source
and load impedances are high relative to the R;,
the diode forward-resistance.

Eliininating the pedestal

The introduction of extraneous signals at the
output by coupling of the gating signal to the load
causes a severe problem in practical gating cir-
cuits. Consider, for example, the simple circuit of
Fig. 2a. In addition to the desired signal present
at the output terminal, there will be a voltage level
due to e,. When e, changes from + for the ON
condition to — for the OFF condition, the level at
the output will change accordingly. The output
signal will appear to be “riding on a pedestal,” as
shown in Fig. 2b. For many applications this
pedestal is undesirable.

The most natural way to try to get rid of the
gating signal levels at the output is to capacitively
couple the output. This approach is sometimes
satisfactory, but capacitive coupling has the
following drawbacks:

= Direct coupling between input and output is
impossible.

® Gating signal transitions are
coupled to the output.

m If the gating rate is near the frequency of the

bt
e
Q" T

inevitably

2
®
INPUT SIGNAL LN g
NN V/\ A /\

GATING SIGNAL

g e

®

2. Basic series gate (a) and its associated voltage wave-
forms (b). Note that the gating signal feeds through to the
output, giving a ‘‘pedestal’’ effect. :

"\

OUTPUT “RIDING
ON A PEDESTAL"

April 12, 1966

input signal, any capacitor that will couple the
input signal will also couple the gating signal.

A more satisfactory way of eliminating the
pedestal is to prevent its appearance in the first
place. If the pedestal is to be avoided at the gate
output, the diodes must function in such a way as
to block the gating current from flowing to the
load. This requirement can be met by a variety of
circuit configurations, all of which share the
characteristic of having the gating signal appear
across a bridge circuit that is balanced at the
output terminals. Obviously the pedestal is re-
duced only to the extent that the bridge is actually
balanced; so care must be used in matching com-
ponents.

A general bridge structure, with the input
signal and gating signal current paths indicated,
is shown in Fig. 3. The bridge resistors represent
diodes that are either all biased forward or all
biased backward, depending on the polarity of the
gating signal. When the bridge resistors are all the
same and equal to R, the resistance of the bridge
at its output terminals is equal to R. Then the
voltage divider formed by the series resistor R
and the equivalent bridge resistor R divides the
signal voltage equally. The two output ports will
have equal voltages, ¢,, due to e,, and zero voltage
due to e,.

The position of the bridge with respect to the
load resistor (series or shunt) determines whether
R should be chosen on the order of R; or of R, as
discussed previously. Note that the analysis of the
circuits shown in Fig. 1 applies directly to the
diode bridge circuit, since the resistance at the
bridge terminals is either R; or R,.

The requirement of a ground terminal in the
bridge circuit complicates the situation to some
extent, although the fundamental principle still
applies. If one output terminal is grounded, the
gating signal applied to the bridge must be bal-
anced with respect to ground. On the other hand,
if a gating terminal is grounded, both the input
and the output must be balanced with respect to
ground.

Even in the pedestal-free circuits, extraneous
outputs in the form of voltage spikes often con-
taminate the gated signal. The causes of these
spikes and the techniques for reducing them are

e S it ] | sl o e

et e L SR _L_ e A

o €g o
3. Diode bridge can be used as a gate circuit. The equiv-
alent impedance of the bridge is equal to the impedance
of any one of the diodes, if they are all matched.
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UNSYMETRICAL
GATING
SIGNALS

e ; / b /
4. Unsymmetrical gating signals or poor diode matching
will result in spikes at the output.

BRIDGE DIODES
FAIRCHILD 4002
MATCHED QUAD

>
3 47k

o
o

0

oo

A SPECTRAN
L —— S-095
LG =1 XFMR.
0 €g O TI.5;LF

5. Practical shunt gate uses a transformer to isolate the
gate driver from the gate.

Series and shunt gate specifications

Shunt gate*
f. | 5to 100 kHz

e. |2.5Vp-p
square wave

f, | dc to 100 kHz

Series gate**
100 Hz to 1 MHz

2.0V p-p negative
square wave

100 kHz to 2 MHz

e, [ 1.0V p-p max 2.0V p-p max
€,./€ | > 40 dB @ f, > 40dB @ f,
= 100 kHz = 1 MHz
Extraneous | < 50 mV p-p < 50 mV p-p
output
(€5 =10)
Output | 0.5 us into 11.5 pF | 25 ns into terminat-
risetime ed 50 ohm cable

*Fig. 5—**Fig. 6

as follows:

= Gating signals must be precisely matched in
shape as well as in amplitude. Otherwise spikes
will appear during the output rise and fall time,
as shown in Fig. 4.

m To prevent the coupling of high frequency
transients to the output, the circuit should be
designed to provide reactive balance over as wide
a frequency range as possible.

= Careful design will eliminate any capacitive
paths outside the bridge that may couple the
gating signal to the output.

® Inequality in diode switching times can cause
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DIODES
FAIRCHILD 2007
MATCHED PAIR

L}
SPECTRAN| S 220 SPECTRAN
5-095 $ S-095
5 S 20 900 i)
S [ pF 50
> & LOAD
l——o €9 0—4
220pF
Bl

i

6. Series gate uses a grounded gate-driver circuit. Trans-
former coupling provides the required isolation.

0.2 VOLT/CM

2.0 4 S/CM

7. Gated one megahertz signal is unhampered by feed-
through of the gating signal. Gating frequency is 100 kHz.

momentary unbalance, resulting in voltage spikes.
This effect may be reduced by choosing fast
switching diodes.

Small shunt capacitors can help reduce the
spikes that remain, but only at the expense of
output rise time.

Some practical circuits

The circuit shown in Fig. 5 is a shunt-gating
circuit with a grounded input and output and a
floated gating signal. This circuit is often used as
a balanced modulator. The fifth diode is added to
keep the transformer load approximately con-
stant. When the bridge diodes are forward-biased,
the gate is OFF. When they are back-biased, the
gate is ON. The circuit’s electrical characteristics
are given in the accompanying table.

Fig. 6 shows a series-gating circuit with a
balanced input and output and an unbalanced
gating signal. When the diodes are forward-
biased, the gate is ON. When they are back-biased,
the gate is OFF. Ground is reestablished at the
input and output by means of transformers. Fig. 7
is a photograph of a 1-MHz sine wave gated at a
100-Hz rate by the circuit of Fig. 6. = =
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Use an IC counter next time! You can
build a completely integrated counting circuit by
using sequential majority-logic elements.

Need a counting circuit? Why not use an inte-
grated approach to your design and build a com-
plete counter in the size of a standard flat-pack?

This can be done by using arbitrary length
counters. Because of their iterative nature, these
counters use circuits of extreme regularity and
simplicity. This is a real advantage when design-
ing integrated circuits since circuit complexity
has to be avoided in order to achieve low power
dissipations in the smallest possible circuit area.
By using a novel circuit design, the integrated
counter can be easily built with majority-logic
gate elements.

Majority-logic is versatile

A majority-logic element can be defined as an
element whose output state corresponds to the ma-
jority of the input states. For a binary-valued
majority-logic element with three inputs, the out-
put will be a 1 only if two or more of the inputs
are 1. For inputs A, B and C, the output Z is
expressed in Boolean algebra as:

Z = AB + AC + BC.

If the output Z if fed back to input A, the equation
becomes:

Z = ZB + ZC+ BC

Fig. 1 shows the symbolic representation of this

element. The additional output Z from the circular
node is the complement of the normal output Z.

This element is the basic building block for the
design of arbitrary length counters. The elements
are connected in a network to perform, as shown
in Fig. 2, the function:

ZnZZn.in-l+Zn.C+7n-l.C9

where Z, is the output of the sequential majority-
logic element M,, Z,, is the complemented out-
put of element M, ,, and C is the clock signal. If
any odd-number N elements are connected in a
ring in this manner, a counter of sequence length
N is realized. For example, a ternary counter and
its sequences of output states are shown in Figs.
3(a) and (b). The network functions as a modulo
3 counter since it returns to its initial state after

John E. Price, Fairchild Semiconductor, Palo, Alto, Calif.
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1. Majority-logic gate has its output fed back to the in-
put, making the output dependent on the input sequence.

Zn-

7 7

2. Arbitrary length counter is built by cascading majority-
logic gates to obtain the required sequence length.

Z Zp

(4 Z, Zp Z3
0| O | (o] 0
| | (0] |
| (o] (0] (0] |
| 0 | |
2 0 0 I 0
| | | 0
3 (0] | (o] 0
®

3. Ternary counter uses three majority-logic gates (a).
Note that the output states (b) change singly and in the
same direction as the clock signal.

ELECTRONIC DESIGN




three clock pulses. Also, for each change of state
of the clock signal only one of the outputs changes
state, and in the same direction as the clock sig-
nal: i.e., between counts 1 and 2, as C changes
from 0 to 1, Z, changes from 0 to 1; and as C
changes back from 1 to 0, Z; changes from 1 to 0.
This operation ensures that the network is race-
free. Since the clock signal is applied simultane-
ously to all the elements, the network is also
essentially hazard-free. A quinary counter is
realized by cascading five elements as illustrated
in Fig. 4a.

Its sequence of output states is shown in Fig.
4b. A quick rule of thumb to determine which
output changes state is:
= When two adjacent outputs are in state 0 and
the clock changes from 0 to 1, the output to the
right changes from 0 to 1.
= When two adjacent outputs are in state 1 and
the clock changes from 1 to 0, the output to the
right changes from 1 to 0.

To count an even sequence length, one of the
elements in the network is modified slightly. The
ternary counter can be modified by adding an
AND gate as shown in Fig. 5a. The equations
describing Z, and Z, remain unchanged, but Z; is
inhibited by Z, and becomes:

Zs 272 Z3(C+72) +CZ,
which simplifies to,
Zy = Z;(C+Zy,).

Fig. 5b shows the sequence of output states for
Z, Z, and Z,. The network returns to its initial
state after two clock pulses, thus functioning as a
binary counter. Although multiple transitions are
involved between counts 1 and 2 as C changes
from 0 to 1, race conditions do not exist because
the final output states are assured and the net-
work operates reliably.

This method of binary counting can be easily
extended to count any even sequence length N by
connecting (N+1) majority-logic elements in se-
ries.

Circuit design uses current-mode technique

Current-mode switching techniques are used to
maximize the operating speed of the counting
circuit. The transistors thus operate in the non-
saturated mode and are not subject to storage-
time effects. A two-input, current-mode NOR gate
is shown in Fig. 6. To implement the sequential
majority-logic function, four of these gates can be
connected as shown in Fig. 7. The emitter-follow-
er outputs of the three, two-input NOR gates are
wired directly together, and the resulting “wired-
OR” output is inverted by the single-input NOR
gate. However, this basic design must be some-
what modified since it achieves neither the circuit
economy nor the low power dissipation that inte-
grated technology requires. Also, the propagation
delay from input to output is twice that of a single
current-mode gate.

The modification involves adding resistors at
one input and connecting the reference point to
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Cc Z, Zp Z3 Zg Zg
(0] 0 | (o] | [¢] (o]
| | 0o | 0 |
| (0] (o] (¢} | 0o |
| (o} | | (o] |
2 (0] (o] | o (o] |
| (o] | (o] | |
3 (] (o] | (o] | (o]
| | | o | 0o
4 o | 0 0 1 (¢}
| | 0 | | (o]
5 0 | o | 0 (o}
®

4. Quinary counter has five majority-logic gates (a). On
the fifth pulse, outputs return to their initial setting (b).

O—OOO'&*I

o|—-|©|—-]|0O

®

5. Binary counter uses an additional AND gate to inhibit
Z, (a). After two counts, the output states (b) return to
their original setting.

the emitter-follower output. This circuit, shown in
Fig. 8a has a voltage transfer characteristic
with hysteresis. The two equal resistors (R)
provide a voltage V;, at the input which is the
mean of inputs B and C. By inspecting Fig. 8b,
it can be seen that the function performed by the
circuit is,
Z=B+C+Z(B+C)
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which is the same as,

Z =ZB+ZC+BC.

Thus this circuit performs the complemented se-
quential majority-logic function. Compared to the
conventional circuit of Fig. 7, there is a fourfold
reduction in circuit complexity and power dissipa-
tion. The effect of the hysteresis and input resistors
is to increase the propagation delay. A graph of
propagation delay (7,,,) vs input resistance (R)
is shown in Fig. 9. The propagation delay for zero-
hysteresis, with the reference point connected to
ground, is also given. By making the input re-
sistors smaller, the propagation delay is decreased
with a resulting increase in the input loading.

For this circuit, the 1 and 0 level input and
output voltages are nominally plus and minus 0.4
volt. In the worst case, when B and C are in op-
posite states, the voltage across the input resistors
will be 0.8 volt. If R = 80 ohms, 5 mA will flow
from B to C. To keep the input loading down, it is
desirable to use input resistors larger than 80
ohms.

The optimized version of the sequential majori-
ty-logic gate is shown in Fig. 10. Absolute resistor
values are determined by the power-speed trade-
off criteria, and their relative values are deter-
mined by the signal-swing requirements and the

6. Current-mode NOR gate is simple to build in integrated
form. Storage-time effects of saturated gates are avoided.

7. Sequential majority-logic element requires four NOR
gates to achieve the required logic. This results in a
complicated circuit design.
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degree of temperature compensation desired.

The transistor current source T, supplies a
current which is independent on input voltages
and partially compensates for the variation of
output voltage with temperature. This variation is
largely due to the temperature dependence of the
base-emitter voltage of T',. Since the current source
is also temperature-sensitive and this current
flows through R,, whether T, or T, is conducting,
the 1 and 0 level output voltages both move out-
wards with increasing temperature and remain
equidistant with respect to ground. This relation-
ship is shown in Fig. 11.

Though current-mode logic circuits usually
suffer from low noise margins, the hysteresis
effect in this circuit provides considerable im-
provement in noise immunity. Input noise immu-
nity is defined as the noise voltage impressed on
an input which will just cause the output to
change states.

Theoretical calculation and experimental
verification have shown that the output of the
circuit shown in Fig. 10 is triggered to its opposite
state when the input base voltage is about 130 mV
below the nominal output voltage (=400 mV).
When inputs B and C are in opposite states, the
noise immunity is twice the input base threshold
voltage, due to the dividing action of the input
resistors, or about 540 mV. Since the signal swing

8. Majority-logic circuit is made by slightly modifying the
current-mode NOR gate. Note the hysteresis in the trans-
fer characteristic (b).
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increases with increasing temperature, the input
noise immunity also increases with increasing
temperature. If a counting network comprised of
several sequential majority-logic gates is integrat-
ed on a single silicon chip, the circuit parameters,
such as beta, base-emitter voltage, sheet resist-
ance, etc., are closely matched and the noise immu-
nity within the network is equivalent to the noise
immunity of a single gate.

An integrated quinary scaler is built

The block diagram of an integrated quinary
scaler is shown in Fig. 12. The circuitry for each
gate is the same as in Fig. 10, except for M; which
has an additional emitter-follower output brought
out. This terminal can drive a heavy external load
without compromising the internal performance
of the scaler.

The clock buffer stage, shown in Fig. 13, serves
several purposes. First, since the clock signal must
drive all five gates, buffering is necessary to
present a high input impedance at the clock input
terminal. Second, since the buffer stage has volt-
age gain, the scaler operates correctly with input
signal swings as low as =+0.1 volt. Third, since the
input transistor has no collector resistors, the
input signal can swing as high as +1.0 volt,
without saturating the input stage.

VOUT(mV)
+400 -
| LEVEL
O -
O LEVEL
-400 \
1 1 I 1%
-50 (] + 50 100

11. Output voltage, as a function of ambient temperature,
remains equidistant with respect to ground.

Terop (ns)
L FULL
HYSTERESIS
20 | ZERO
/ HYSTERESIS
1o}
0o 1 1 1 1 1 R (OHMS
0| 28 40,60, 80 Tigg

BUFFER

STAGE s
OUTPUT
CLOCK INPUT

12. Integrated quinary scaler uses five majority-logic gates
and a clock buffer stage.

9. Propagation delay varies directly with the value of the
resistors at the gate input. Zero hysteresis is achieved by
grounding the reference point.

—0 +.7V
R, $ 60
<
3120 T
b 4
g IBO Ti T2 '\
c 80 T 250
O==SvWA=— 3 AM— —o0 GRD
55 3 750 i: 270
0-23V

0
+L.7V

Ta

L
OUTPUT

>
80 3750 3100

-2.3v

10. Absolute resistance values for the gate are determined
by the power-speed criteria. Relative values are depend-
ent on the signal-swing requirements.

April 12, 1966

13. Clock buffer circuit is similar to the logic gates. The
reference point is connected to ground instead of to the
output and circuit values are changed.
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The Industry’s
Most Stable
Oscillators

o
MASTER OSCILLATOR
PARTNC. SLN6O3SF -ASPOY

MOTOROLA INC.
SER NO. 650678

@ SERIES S1077 OSCILLATORS—100 KHz to 10 MHz

1 x 10—'°/C° from —20° to 455°C
1 x10—'® RMS Short Term Stability
Less Than 1 x 10—°/Day Aging
Voltage Adjust
Coarse and Fine—Internal
Voltage Variable and
Mechanical Fine—External
Flexible Power Input System

@ All silicon solid state design using proportional ovens
with glass-enclosed crystals assures unexcelled performance
—with guaranteed specifications—in frequency and time
applications. Ideal for use in digital frequency counters,
phase-locked receivers, synthesizers, SSB systems, missile
guidance and satellite tracking systems, navigation, computer
and communications equipment.

® SERIES SLN6039 OSCILLATORS—60 KHz to 10 MHz

e Industry's Fastest Warm-Up—within 5x10—%in 10 minutes
e 5x10~"or1x10~%/Day Aging
e High MTBF

® This oscillator with its wide dynamic range proportional
oven and glass-enclosed precision crystal meets many MIL
specifications for both airborne and ground equipment.

For full specifications call or write: Motorola Communications
& Electronics, Inc., 4501 Augusta Blvd., Chicago, lllinois 60651.
(312) 772-6500. A Subsidiary of Motorola Inc.

(&)

MOTOROLA

Precision Instrument Products
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14. Completed quinary scaler is shown in this photomicro-
graph of the 50-by-50 mil chip.

200mVv/DIV

OUTPUT

10 ns/DIV——~

15. Input and output voltage waveforms for a 100-MHz
clock signal. Output rise and fall times are under 2 ns.

A photomicrograph of the quinary scaler,
integrated on a 0.05 x 0.05 inch chip, is shown in
Fig. 14. It can be seen that several transistor
geometries are used. The number of emitter
stripes varies according to the current require-
ment of each transistor. The transistor character-
istics are typically,

fT = 1 GHZ

C at zero bias = 0.7 pF
C:. at zero bias = 0.7 pF
7y at 250 MHz 50 ohms

The quinary scaler operates correctly for clock
frequencies from dec to over 100 MHz. Typical
propagation delay through a gate is 3 nsec, and
rise and fall times of the unloaded output are 2
nsec. Input and output voltage waveforms, with a
100 MHz clock frequency, are shown in Fig. 15.
Power dissipation is about 450 mW when the
supply voltages are +1.7 and —2.3 volts. = =

References:

1. J. E. Price, “Counting with Majority-Logic Networks,
IEEE Transactions on FElectronic Computers. Vol. 14,
April 1965, pp 256-260.

2. J. A. Narud, “Characterization of Integrated Logic
Circuits,” Proceedings of the IEEE. Vol. 52, No. 12, Dec.
1964, pp 1551-1564.
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_Tubethinkers awaken!

| AN m FETSs fit most any old circuit!

Like a Scﬂmitt Trigger or an Eccles-Jor&ah Flip-Flop

Siliconix assumes no responsibility for circuits shown, nor does it represent or warrant that they do not infringe any patents.

Still designing with tubes for high input im- The flip-flop came from a Terman’s Handbook.
pedance or low output-input feedback? We added the FETs and microwatt power con-
You can have both with FETs. sumption. With 2N2841s you have low input

C and a high g, / lIpss ratio for the best trade-off
of speed, power dissipation, and gain. These
are only two applications (See earlier ads for
others). For more ways to put FETs to work,

We're not talking about exotic applications,
either; we mean the workhorse stuff you were
designing before any transistors showed up.

Take the Schmitt Trigger above: You get high consult your old tube manual . . . or us.

input impedance, the Zener eliminates FET

matching, and the circuit is as ordinary as an Silicaonix incnrpnrafed
O|d tUbe e WlthOUt the pOWGr diSSipation- 7740 W. Evelyn Avenue e Sunnyvale, California 94086

Phone 245-1000 * Area Code 408 * TWX 408-737-9948

MONITOR II FET/TRANSISTOR TEST SET -
Tests N-channel, P-channel, junction and

MOS FETs + Go, no-go, analog readout * FREE: A bibliography of selected FET appli-
e e e o cations articles, culled for your edification
ing QC or production testing + Drives digital and conversion from tubethinking. Write for
voltmeter or printer without modification. it, please!

FRANCHISED DISTRIBUTORS

ALA., HUNTSVILLE, Tec-Sel, Inc., 837-4541 « ARIZ., PHOENIX, Barnhill Associates, 959-2115 ¢ CALIF., HOLLYWOOD, Hollywood Radio and Electronics, 464-
8321 « LOS ANGELES, Kierulff Electronics Inc., 685-5511 « MENLO PARK. Hollywood Radio and Electronics, 322-3431 « SAN DIEGO, Kierulff Electronics Inc., 278-
2112 » SAN JOSE, Weatherbie Industrial Electronics., Inc., 297-9550 « COLO., DENVER, Barnhill Associates, 934-5505 « CONN., HAMDEN, Cramer Electronics Inc.,
288-7771 » FLA., WEST PALM BEACH, Perrott Associates, Inc., 585-8647 « WINTER PARK, Perrott Associates, Inc., 647-3038 « ILL., CHICAGO, Semiconductor
Specialists, Inc., 622-8860 « MD., BALTIMORE, Wholesale Radio Parts Co., Inc., 685-2134 « MASS., NEWTON, Cramer Electronics., Inc., 969-7700 » MICH., DEAR-
BORN, Semiconductor Specialists, Inc., 584-5901 « MINN., MINNEAPOLIS, Semiconductor Specialists, Inc., 866-3435 « MO., ST. LOUIS, Semiconductor Specialists,
Inc., 521-8866 * N. J., BERGENFIELD, Technical Electronics Distributors, Inc., 384-3643 « N. Y., BUFFALO, Summit Distributors, Inc., 884-3450 « NEW YORK CITY,
Milgray, 989-1600 * SYRACUSE, Eastern Semiconductor Sales, Inc., 455-6641 « OHIO, DAYTON, Alpine Industries, Inc., 278-5861 » Semiconductor Specialists, Inc.,
277-9784 « OKLA., TULSA, 0il Capital Electronics Corp., 836-2541 « PA., PHILADELPHIA, Simco Electronics, Inc., 299-1880 * PITTSBURGH, Semiconductor Spe-
cialists, Inc., 731-2050 « YORK, Wholesale Radio Parts Co., Inc., 755-2891 « TEX., DALLAS, Sterling Electronics, 351-9921 « HOUSTON, Lenert Company, 224-2663
* WASH., SEATTLE, Garretson Radio Supply, Inc., 682-8981 « WASH., D.C., HYATTSVILLE, MD., Milgray, 864-6330.
CANADA: MONTREAL; Prelco Electronics, Ltd., 389-8051 » OTTAWA; Wackid Radio, Ltd., 232-3563 « TORONTO; Electro Sonic Supply Co., Ltd., 924-9251
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Speed control-system response and cut
system cost with potentiometer padding. Here’s a
graphical technique that makes it easy.

Here is a money-saving design technique that
gets the “workhorse” transducer of position-con-
trol systems—the potentiometer—to respond fas-
er.

The key is the use of an inexpensive operational
amplifier plus resistive padding of the output po-
tentiometer. A graph selects the proper value pad-
ding resistance.

In a typical configuration shown in Fig. 1, the
input, E;, is processed through a summing
and a power amplifier. The latter drives the ac-
tuating device, which generates the desired output
motion and has the potentiometer wiper slaved to
it. The potentiometer senses the motion and feeds
a voltage back to the summing amplifier equal and
opposite in sign to E;,.

Cheaper and more flexible

The configuration of Fig. 1 requires two refer-
ence power supplies, accurately balanced with
respect to each other, to avoid null-shift errors.
A grounded center-tap would eliminate null-shift
errors, but positive and negative scale factors
would differ if the supplies were unbalanced—and,
of course, the need for two references remains.

The proliferation in recent years of high-quali-
ty, low-cost differential-input de¢ amplifiers makes
the use of the configuration of Fig. 2 very attrac-
tive. Not only is the need for one of the two refer-
ence supplies and for a center-tapped potentiom-
eter eliminated, but another advantage is obtained:
By proper selection of resistor values, we can
obtain not only linear but also nonlinear slopes
that increase as a function of deviation from null.
Thus loop-gain increases for large errors, result-
ing in a faster system response.

Simplified circuit analysis-

Analysis of the configuration in Fig. 2 is simpli-
fied if one makes an appropriate assumption. Since
the summing junction of an operational amplifier
can be assumed to be at ground potential, the equiv-
alent circuit of the network takes the form shown
in Fig. 3. The potentiometer output, read at the
output of the amplifier, is then expressed as A4
(V,—V,), where A is the amplifier gain. V,
is given by V,, multiplied by the transfer
function of the voltage divider formed by R, and
the parallel combination of R, and R,. V, is

Gilbert Willems, Aerospace Research Engineer, U.S. Army
Missile Command, Redstone Arsenal, Ala.
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similarly obtained, and V, becomes
Z Z

Vo=Veragt7 ~ RiTZ )
where
LR,
T R.+R, (2)
and
R; + R, = R,. (3)

Note that for R,>>R., Z can be replaced by E..
Similarly for R.>>R,, Z can be replaced by R,.

Design example illustrates technique

Appropriate selection of a design is readily
accomplished with the aid of the curves plotted in
Fig. 4. These give the normalized output of the
amplifier, as a function of potentiometer deviation
from null, for a large number of ratios of Z to R,.

7
!
ACTUATING ’A\
DEVICE [/ © '

POWER
E AMPLIFIER
IN

1. The feedback potentiometer in this conventional control
system needs two reference voltage sources. Both sources
must be precisely balanced.

:’RZ
Ve
Ry - 7
T / /
VWA~ 1] < 7
5 Vo| PoOWER ACTUATING ot Eaahad
AA /
ol S AMPLIFER [| "DEVICE [~ O Re3#7—0
VA~ R :b
4
Rz
Rp=Ry+Ry
I
VPl
<’R2

2. Resistive padding of the output potentiometer elimi-
nates the need for one of the two reference sources. Bal-
ancing of sources is no longer a problem.
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To illustrate use of the design chart, let’s consider
a design example:

Assume that a system uses a 30-k output poten-
tiometer. A 10-volt reference supply is available,
and a gain-slope (volts per degree of rotation of
potentiometer shaft) change of approximately 2:1
is desired. The maximum operational amplifier
output, V, ma, is to be 20 volts. Checking Fig. 4,
we see that the slope, for large deviations from
null, of the R, = 20. Z curve is approximately
twice the slope at null, thus meeting the require-
ment for gain slope = 2:1. Therefore an R,
value equal to 2.0 Z yields the desired slope char-
acteristics. Thus Z must equal 15 k ohms; a selec-
tion of R, = R, = 30 k meets this requirement.
The selection of the gain A, of the operational
amplifier now remains. From Fig. 4, the following
relationship is obtained:

VO mazr
Vit A

With the introduction of the selected values of V,
and V,.;, the resultant gain A becomes 3. Since
the selected value for R, was 30 k, the amplifier
will require a feedback resistor equal to 3(30 k) or
90 k. This completes the design.

The chart provides sufficient curves to satisfy
most design requirements. Of course, additional
ones can be calculated by means of Eq. 1. Howev-
er, the curves for values of R, greater than 4.0 Z
tend to differ little from the top curve in the chart.
Linear interpolation in the chart is fairly accurate
for R, values up to 0.5 Z. = =

= 0.67

o'
> > >
3Rs 3Ry 3R
Vref
Ry*R, = Ry, _l_
> > 7
E:R“ E:Rz E:Rl
—ov

3. Equivalent circuit of the configuration in Fig. 3 simpli-
fies analysis and yields design equations.

0.91 T 0.8
Rp=4.0Z L[

0.8 Rp=3.0Z 0.7

2 Rp=1.52Z ~ Rys2.02 ==

: Re=1.0Z ] 0.6
Re0.752 | [ ™

0.6 P 0.5
Rp=0.6252 — T~ g ‘
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VorrA PN Y T
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FRACTION OF POTENTIOMETER
ROTATION FROM CENTER (NULL) POSITION
4. These curves permit selection of padding resistor and
operational amplifier gain values. The righthand ordinate
is for use with the upper three curves.
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I‘DgMAGNg‘%%ING FglggE—H-OsggsTEDSSOO
Thomas and Skinner is proud to an-
nounce the development and production
availability of Alnico 9 . .. a new perma-
nent magnet material.

The energy product is typically
10.0 M.G.O. . . . almost double that of
conventional Alnicos 5 and 8. The high
coercive force of T & S's Alnico 9 is 1580
Oersteds . . . equal to that of Alnico 8
and three times that of Alnico 5. The
straight line magnetic axis of Alnico 9

permits its use in short sections such as
@ flat squares, rectangles, discs and rings
as well as cylinders, solid and cored, and
blocks. For full information, write for

\______“/ Bulletin M-304-A.
SPECIALISTS IN MAGNETIC MATERALS v gy

Thomas and Skinner is the leader in pioneering
the application of advanced magnetic materials
to provide desired magnetic fields in new and im-
proved ways. To learn how T & S is prepared to
help you with your magnetic problems, write for
Catalog A-975.

Mr. Magnetician, symbol of over 60 years
T & S experience in the field of magnetics.

Theorras s Skinner, Ine.

Box 120 1120 EAST 23rd STREET
INDIANAPOLIS, INDIANA 46207 PHONE 317—WA 3-2501
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BIG
ONPERFORMANCE

3 TIMES ACTUAL SIZE
so you can clearly see the
many great design
innovations

Integral ground terminal

Non-turn device Damping block
keyway bushing

New ““Can’t-Cheat” guide

!'U”"-shaped,
Decorator-designed rugged frame
paddle knob ACTUAL SIZE
so you can clearly appreciate
the space saving

design
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The LT littel Telever* Switch

Patent applied for
SERIES 41000 TELEPHONE TYPE

A MARVEL OF COMPACT QUALITY

The time-tested and performance-proved features that have made Switchcraft
“Telever” switches synonymous with trouble-free reliability are now engineered
into a switch that is significantly smaller in size—with several all-new computer
age design features that make it ideal for dozens of demanding applications.
It takes only 2-1/8” behind-panel depth, and mounts on 23/32” centers!

LOADED WITH EXCLUSIVE FEATURES

Special damping block guards against leaf-spring “bounce” ... makes it singularly
adapted to use ih computers and transistorized equipment. It minimizes false
triggerings, bad parity checking and premature readout due to switching transients.
“Can’t-Cheat” detent guide prevents accidental actuator by-pass of a switching
position. Unique spring-loaded lifter-roller assembly rides in the frame’s detent
guide—assures smooth, easy lever operation over the entire life of the switch.
“U” shaped twin girder frame guards against frame distortion. Special nickel-
silver springs without “form’ at flexing points for long operation without taking
a ‘set.” Stacks can be mounted individually to any of four mounting positions—
can be removed and replaced without disturbing other stacks or wiring. Even
the paddle-shaped knob is new and fresh appearing.

DESIGNED FOR TODAY’S MODERN EQUIPMENT

Adds to the appearance and dependability of products ranging from computers,
data processing, control panel, to test, communication, ground support, tele-
phone and instrumentation equipment. Two and three position types, lock and
non-locking and special “Talk-Listen” type for intercoms. For this application,
lever locks on one side of neutral and operates non-locking on other side.
Welded cross-bar palladium contacts standard, rated 2 amps, 200 watts max.
A.C. non inductive load. Broad range of circuits available up to 8 PDT.

WRITE FOR BULLETIN 164 or see your local Switchcraft Authorized Industrial
Distributor for immediate delivery at factory prices.
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LO-CAP* LEVER-LITE* . FEATHER-LEVER* TELEVER*

LOW CAPACITY LEVER SWITCH 3-COLOR . MINIATURIZED LEVER SWITCH : TELEPHONE-TYPE SWITCH
Specially designed, widely spaced : ILLUMINATED SWITCH : Reduces panel and behind-panel : The standard of the industry.
flat actuator springs and round : Takes the confusion out of : space needs 25% . .. or more! . Exclusive changeable function
contact springs in an insulating . switching circuits. One glance : Rugged, reliable positive ““feel” . feature . . . special insert for
block . . . eliminates build-up of . tells what position it'sin ... 1 . —yet so compact they mount . non-locking operation can be
induced alternating current be- . color illumination in “up’ posi- . less than 1/2” apart in rows only : removed to make it a locking
tween springs. Smooth, long-life : tion, second color in neutral, 3rd . an inch apart, requiring only : switch—even in the field. Excep-
roller-actuator. Available in 2 or : color in “down” position. Choice : 1-3/4” behind panel depth. Ex- - tionally rugged. Materials and
3 position models, locking and -+ of 6 colors, 2 or 3 position, lock- : clusive, exchangeable push-on . finish meet MIL specs, overall
non-locking in a variety of cir- - ing and non-locking, from SPDT + knobs in 10 colors. 2 and 3 po- : design meets rigid telephone
cuits from DPST to 8PDT. SEND . to 4PDT. Lamp changes in sec- - sition, locking or non-locking, . company standards. 2 and 3 po-
FOR BULLETIN 150. . onds. WRITE FOR CATALOG . from SPST to 6PDT. WRITE FOR : sition, up to 8PDT. WRITE FOR

¢ S-309. . CATALOG S-309. ¢ ICATALOG5-302,
ON READER SEVICE CARD . ON READER SERVICE CARD L ON READER SERVICE CARD . ON READER SERVICE CARD
CIRCLE 191 5 CIRCLE 192 . CIRCLE 193 C CIRCLE 194
Switchcraft makes more kinds of Lever Type Switches than anyone . . . Write for

Catalogs, or see your local Switchcraft Authorized Industrial Distributor for Immediate
Delivery at Factory Prices.

SWITCHCRAFT, INC.
“Trademark. 5529 ELSTON AVE., CHICAGO, ILLINOIS 60630
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DESIGN DECISION

Swamp out distortion in wide-range agc
systems by using a diode-bridge variable attenuator in the
feedback loop. Stability and high accuracy also result.

Automatic gain control (agc) systems featuring
30 dB or more of correction are often plagued by
error-signals and harmonic distortion appearing
in the output. A simple means of overcoming these
problems entails the use of a diode-bridge variable
attenuator to automatically compensate for signal
changes at the feedback loop summing point.

The diode-bridge effectively forms a controlla-
ble balanced diode L-pad to achieve the wide-
range age capability and the attendant low har-
monic distortion. In addition, the over-all system
provides less than 0.25 dB of error, shows a flat
frequency response and is very stable with tem-
perature changes.

Attenuator solves impedance problems

The effectiveness of the diode-bridge attenuator
hinges on its location in the system. It sums the
signals coming from the line and the feedback
(age signal-developing) networks, processes and
adjusts (compensates) them, and passes the
resulting signal directly to the output transformer.

This action depends on the impedance charac-
teristics of the attenuator. Fig. 1 is a block of
diagram showing the important aspects and
stages of the system. The impedance seen by the
line is constant since the minimum impedance that
the diode-bridge attenuator will approach is
approximately 10 kohms. This figure has a negligi-

S. A. Romano, Jr., Consultant, Brooklyn, N. Y.
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ble effect on the 600 ohms fixed terminating re-
sistance across transformer 7.

A minimum output impedance of 100 kohms is
presented to the diode-bridge by transformer T..
This makes it possible to obtain the 44 dB of
control because the diode-bridge is then the major
determinant of how much attenuation is produced.

Transformer 7, must be well shielded and all
leads to and from it must be as short as possible.
The latter precaution is necessary because the
signal level in this portion of the circuit is ex-
tremely low (approximately 0.6 mV across the
secondary).

This signal is of constant magnitude, since the
attenuation provided by the diode bridge is auto-
matically varied in proportion to changes in the
input signal. The ac amplifier then raises the sig-
nal to approximately 0.65 V rms at the output.

Observe that the system itself closely resembles
the conventional wide-range agc network, the
major exception being the inclusion of the diode-
bridge. These traditional age systems often incor-
porate the single-ended controlled diode L-pad
stage to achieve 30 dB or more of correction.’

However, they exhibit 0.5 dB or more of output
error and what may be a considerable amount of
harmonic distortion. These unwanted signals may
preclude the use of the traditional age system in
applications characterized by low-level inputs (be-
low —30 dB) and the need for a flat audio fre-
quency response. This is why the diode-bridge at-
tenuator was incorporated.

100k e
Y3ka

OUTPUT
O

EpX0.65V rms
AC. AMPLIFIER

v

VOLTAGE GAIN = 68 dB

:lL.V.

|

d
c2iobid ol

1. Use of diode-bridge attenuator in wide-range agc sys-
tem compensates for signal changes at summing point.
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Attenuator forms a balanced diode L-pad to produce 44 dB
of agc and low harmonic distortion.

ELECTRONIC DESIGN



Features of wide-range agc system

Input Impedance: 600 ohms

Output loading: =2 7k

Total harmonic distortion: Less than 19%

Maximum ambient temp: 55°C

Agc response: 44 dB for 0.25 dB error

Frequency response: 130 Hz to 20 kHz, flat

Maximum charging time: ~ 100 msec
Maximum discharge time: ~ 4 sec
Maximum input level: —2 dBm
Output level: 0.65 volt rms

Peak detector generates agc

Note also that the development of the age volt-
age in the diode-bridge version resembles the
method used in conventional age systems. Here a
portion of the output signal is taken, then am-
plified and half-wave rectified in the high gain,
over-driven amplifier into a series of negative-
going pulses.

The peak-detector unit charges a capacitor to
the peak voltage of these pulses. This voltage is
referred to as the age. It varies in proportion to
changes in input signal level and is used to vary the
conduction of the control-amplifier.

The conduction of the control-amplifier in turn
determines the current through the diode-bridge.
This establishes the operating point on the diode
characteristics and thereby produces the imped-
ances desired (Fig. 2).

The operation of the diode-bridge variable
attenuator (Fig. 3) is straightforward. The agc
voltage across R; determines the conduction of
transistor @,, a pnp silicon transistor. A silicon
type was used so that leakage current would be a
negligible portion of the total conduction current
in the temperature range encountered.

The current through @, passes through R,, di-
vides into two parallel paths through the diode
bridge, and passes through R, to the negative side
of the power supply. Thus, as the condition of Q,
is varied, the impedance of the diodes is changed.

Ac grounding produces L-pad

A controlled balanced L-pad is effectively creat-
ed by ac grounding the center nodes of the bridge
with capacitors C; and C,. When this is done,
diodes D, and D, function in parallel and togeth-
er become the shunt arm of an L-pad formed with
resistor R,. Diodes D, and D, similarly form an
L-pad with resistor R..

Low distortion and wide control range are
achieved because at any one time, each L-pad is

April 12, 1966

<
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e p— -
Z¢(ac)(OHMS)
<
3
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2. Diode-bridge control hinges on operating point of
diodes. Dc I; vs ac Z; (a) and |; vs V; relationships (b)
shape transfer characteristic.

0
INPUT SIGNAL :
-2d8 Eo = 3mV
T0 CONSTANT
-46dB c,
o— o

agc
VOLTAGE

3. Controlled, balanced, L-pad is formed by the diode-
bridge attenuator circuit. Input impedance of bridge is
much higher than that of transformer, thus presenting
constant impedance to line. L-pads are established by D,,
D, and R,, and D,, D, and R., respectively, acting with the
transformer secondary. Transistor Q, is a control amplifier
that establishes the conduction levels of the diodes.
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4. Degenerative current feedback is used in each stage
of this wide-range agc system to provide for temperature
stability. Q, through Q, make up the high-gain ac ampli-

operating on only half the wave of the input
signal. Furthermore, the functioning of the diodes
in parallel serves to degenerate characteristic
differences between the diodes, while enabling a
much lower shunt-arm impedance to be reached.
This effectively increases the maximum attenua-
tion attainable by the L-pad, while negligibly
affecting the minimum attenuation achievable.

The diodes used were 1N4001 silicon, surface-
passivated, diffused-junction rectifier types. They
were chosen because their more gradually sloped
characteristic curves accommodate the need for a
wide control range.

Overdriving precludes gain shortage

The complete age amplifier is exhibited in Fig.
4. Transistors Q., @;, Q; and @, form the high-
gain ac amplifier. Each stage has a very low
current-stability factor and features degenerative
current feedback. In this way the gain of the
amplifier remains constant with temperature
changes and unit-to-unit transistor parameter
variations.

Transistors Qs and Q. form the over-driven
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fier; Q, and Q, form an overdriven amplifier and the agc
voltage is developed on C,. Performance characteristics
of feedback system appear in the table.

amplifier stage. This amplifier provides the neces-
sary gain to achieve the desired stiffness ratio.
Stiffness ratio, as used here, is a measure of the
variation in the output for the maximum change
of input signal.

System functioning is quite simple. When a
change in input signal level takes place, an instan-
taneous change of equal magnitude occurs at the
output. The charge on capacitor C; immediately
begins to readjust because the amount of signal
entering the over-driven amplifier has likewise
been altered.

The speed at which the agc voltage responds to
this change is determined by the time constants
designed into the circuit. The gain of the over-
driven amplifier is such that a variation of 0.25 dB
in the output level will produce the entire neces-
sary change in agc voltage.

This age level change is used by the dc control
amplifier to cause the bridge-attenuator to correct
a 44-dB change of input signal level. The charac-
teristics of the system are given in the table. = =

Reference:

1. “Designing a Stable Transistor ACC Amplifier”, J.
Shirman, ELECTRONIC DESIGN, May 11, 1960, pp. 44-47.
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Westinghouse offers
the two IC op amps for
low impedance

drive applications

Drives 10 mA into 500 Q load

Westinghouse WS 161

You can drive sizable inductive, capacitive, or resistive loads
directly with either of these two IC op amps. They're un-
matched for “muscle’’. Using them, you can omit an inter-
mediate driver stage or power amplifier in many applications.

The driving power of the WS 161 and WM 174 can make
equipment smaller, simpler, and lower in cost. With this pair,
you can fill virtually all integrated op amp requirements.
They come in 14-lead, %” x %" Q-style packages.

If you want maximum unity gain bandwidth, moderate open
loop gain, and very high current output with low voltage
drift, no other IC op amp comes near the WS 161.

If you want maximum open loop gain, maximum output cur-

Drives 20 mA into 500 © |oad

Westinghouse WM 174

rent, and very high unity gain bandwidth, the WM 174 is far
and away your first choice.

Get the full data on these outstanding IC’'s now. They'll do
difficult jobs for you. Call your Westinghouse distributor. Or

write Westinghouse Molecular Electronics Division, Box 7377,

Elkridge, Maryland 21227. J-09126

WS 161 WM 174

OPEN EODPIGAIN . (vt svaiuiinyinies s4sisivisasvrsnvassvry 50,000

U B CatiEBW b o o L AT X i foeaassinds 10 MHz
Output Current ...i.........c..ois : 20 mA

Output Impedance ............... 70Q

I DU CUr P OO - s o S sl redies e PisR 120 nA

You can be sure if it's Westinghouse
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DESIGN DECISION

Cut radar hardware needs and costs with
a special multi-mode antenna feed that requires only
two hybrids to measure azimuth and elevation.

A new design approach to multi-mode feed in
radar eliminates four of the six hybrids that are
usually needed to find azimuth and elevation.

The special feed is easy to build. And with the
reduction in hardware needs, there is a saving in
costs.

The common monopulse feed consists of four
open-ended waveguides, as shown in Fig. 1.

To get an azimuth difference-pattern for az-
imuth information, hybrids are needed to obtain

[(#1) +(#3)] - [(#2) + (#4)].

Each addition and subtraction requires a hybrid;
so, three hybrids are needed. The same is true for
the elevation information.

The multi-mode feed developed here (Fig. 2)
eliminates two of the hybrids in the azimuth and
two in the elevation systems.

To help clarify the principles of this feed,
assume that it is used for the reception of a linear-
ly polarized wave with the polarization in the
direction of the narrow dimension of the mouth.

If the signal comes from a point in the H plane
of the antenna, only the TE,, and TE.,, modes
are excited in the mouth. The relative magnitudes
and phases of the two modes indicate the angle of
arrival. These modes excite the TFE,, mode in the
two side arms. If the signal comes from a point on
the axis of the feed, only the TE,, mode is excited
in the mouth. Then the modes excited in the two
side arms will be equal in magnitude and phase. If
the TE,, mode is excited, the corresponding
components of the modes in the two side arms are
equal in magnitude, but they are 180° out of
phase.

Therefore the difference of the signals in the
side arms indicates the amplitude of the TE.,
mode in the mouth, and consequently the angle
that the signal forms with the axis in the H-plane.

The signal may come from a point in the E-
plane of the antenna. Then the EE,, TE,, and
TM,, modes are excited in the mouth of the feed.
If the signal comes from a point off the axis, the
relative magnitudes of the TE,, and TM,; modes

H. F. Mathis, L. A. Zurcher and R. J. Gunderman, Senior
Technical Specialists, North American Aviation, Inc.,
Columbus, Ohio
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indicate the angle. These modes excite components
of the TE,, mode in the top and bottom arms,
which are equal in magnitude and 180° out of
phase. The difference of the signals in the top and
bottom arms indicates the angle of the signal with
respect to the axis in the E-plane.

If the signal comes from a point that is neither
in the H plane nor the E plane, the TE,, and
TM., modes are also excited in the mouth. The
coupling with the four arms is dependent on the
angles of the signal with the axes in the H and E
planes; so the differences for the two pairs of
arms indicate these angles.

When the feed is constructed according to Fig.
2, the dimension A should be about 0.7x, where A
is the operating wavelength. The dimension L does
not appear to be critical. The mouth of the feed
should be large enough to permit the propagation
ot thel o Tl ,, TH., TEu,  TM. and STM.;
modes.

The only formulas used in designing the feed
are those for the cut-off wavelength for the var-
tous modes that may be excited in the mouth of the
feed. These formulas, for a rectangular wave-
guide, are:

TF . mode: A, = 2a
Tl modes X —i o

2a
TE,  mode:\, = ————
B e Ty (lbp
TE, mode: A, = I,
V 1+ (a/2D)2
NO.I NO.2
NO.3 NO.4

1. Conventional monopulse feeds consist of four open-end-
ed waveguides. To obtain the azimuth-difference pattern
for azimuth information, three hybrids are needed. The
same is true for the elevation-difference patterns.

ELECTRONIC DESIGN



2a
V1 + (a/b)?

a
mm(same as TE,))

The feed was built (Fig. 3) and tested in a
cassegrain antenna at a frequency of 16 GHz. The
complete antenna consisted of a 3-foot paraboloi-
dal reflector with a focal length of 12 inches, an 8-
inch hyperboloidal sub-reflector and the multi-
mode monopulse feed, shown in Fig. 4. The dimen-
sion A for this feed is 0.622 inch. = =

TM,, mode: A, = (same as TE,))

TM,, mode: A, =

7, ) /,
r’fL“ |
)
av F@“ & J
<< o |
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=
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A/,  8OTION
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/
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VERTICAL SECTION

THROUGH
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®©
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2. Multi-mode feed needs only one hybrid to get the azi-
muth or the elevation patterns. The difference of signals
in the side arms (a, b) indicates the amplitude and angle
of the incident signal, if the latter comes from a point in
the H-plane. The top and bottom arms (c) are used for
signals coming from the E-plane of the antenna. Vertical
cross-section of side arms (d) is also valid for top and
bottom arms.

April 12, 1966
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3. Multi-mode feed is designed for a 16-GHz antenna. Its
critical dimension, A, is equal to 0.622 inches.

4. Installed feed at the back of a cassegrain antenna
indicates simplified hardware. The antenna has an 8-inch

hyperboloidal sub-reflector (not shown).
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TIMESAVERS,

PURE AND SIMPLE

Ferrite Pot Core Hardware Cuts Assembly Time 50%

A one-piece spring steel housing snaps the core
assembly into place, secures it to the chassis or
printed circuit board, whittles minutes out of each
production hour. In applications involving high
quality inductors for filters, the trimming dévice has
been simplified for hairline adjustment.

In addition to saving time, our ferrites give you
extra design advantages with their high Q values
and low disaccommodation factors. We guarantee
permeability over a wide temperature range
(—55°C to 4-70°C), and precision-ground air gaps

P el

assure uniformity of inductance throughout each
production lot.

Manganese zinc ferrite cores are furnished in
permeabilities of 650, 900, 1300 and 2000 for fre-
quencies up to 2 MC. A 100 perm nickel zinc core
covers frequencies up to 10 MC. There are 13
different sizes, including the International Electro-
technical Commission sizes—over 200 cores in all!
For more information, write Magnetics, Inc. Dept.
31, Butler, Pa.

i o aaVRA

MAGNETICS ine.
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New low-cost Daystrom Model 333
commercial trimmer has knurled
finger-tip adjustment knob. It also
has an Allenhead for fine adjustment
. . . 4 to 1 ratio, nominal. Designed
for PC board use, it requires approxi-
mately /2 cubic inch of space. Price
is another unusual feature—only
$1.45 in 100 lot quantities!

Model 333's unique resistance ele-
ment is the same as used in MIL-type
Squaretrim® pots for high resolu-
tion, linearity, and low noise. Also,

it is vibration and shock resistant.

This is just one of the special-pur-
pose Daystrom units—from industry’s
broadest line of subminiature square-
trimming potentiometers. Chances
are that we can fill your most exact-
ing requirements with a standard,

off-the-shelf model.

See your Weston distributor for
catalog, prices and evaluation units.
Weston Instruments, Inc., Archbald
Division, Archbald, Pennsylvania
18403. Phone: (717) 876-1500.

Only Weston's exclusive wire-in-the-groove offers D LOCKED-IN |_|NEAR|"<]

let your
fingers

do the

trimming

6660000000000 0000s00rsss ssssssnane

From Weston’s broad trimmer line

Model 333 — %" by %"
by ¥%¢". Dual adjustment:
knurled finger-tip knob and
Allenhead. For PC board
mounting. Resistance: 50Q
to 10k, up to 50k on special

; g order. Rating: 0.2w @ 40°C
in still air.

actual
size

Series 200 — 3%” Square-
trim, 0.150” thick, slotted or
Allenhead adjustment
screws. This is only one of
a full line of %" pots. Oper-
ation: from ~55 to 150°C.
Resistance: 10 to 50k. Rat-
ing: lw @ 50°C in still air.
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WESTO N° prime source for precision. .. since 1888
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DESIGN DECISION

Test system uses telemetry data to check
performance of relays in airborne electronic package.
The results are displayed visually on a counter.

Pnpn-controlled switches, logic circuitry and
sensitive relays are used in a ground-based test
set-up to analyze telemetered pulse signals from
four lines of an airborne electronic system. The
test circuit determines the pull-in and hold-in times
of 15 programed relays in the airborne package and
detects unprogramed or incorrect relay closures.

The block diagram in Fig. 1 shows the relation-
ship of the airborne and ground systems. A binary-
coded input signal, generated by the ground sys-
tem, simultaneously starts the test system’s clock
pulses and energizes the selected relay in the sys-
tem being tested. The pulses are counted by seg-
ment No. 1 of the dual counter, which also displays
the count. The pulses resulting from the closure of
the relay in the tested package energize the logic
circuits. The dc-output levels of the logic circuitry
are compared with the input signal to the system
under test. If the signals are acceptable, a dc level
is generated, stopping counter segment No. 1 and
starting counter segment No. 2. Counter segment
No. 1 thus measures the pull-in time of the relay
under test. When this relay drops out, the dc level
is removed from counter segment No. 2, and the

H. D. Balcom and H. R. Weiss, Light Military Electronics
Department, General Electric Company, Utica, N. Y.

5 DUAL COUNTER
hn il AND DISPLAYS
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1
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FROMGROUND | L | o
SYSTEM é 3
INDICATOR FOR
MULTIPLE RELAY
CLOSURE

count stops. Counter segment No. 2 then indicates
the hold-in time of the relay.

The closing or opening of one of the 15 relays in
the airborne system is indicated by the appearance
of binary-coded, polarized pulses on one or more
of the four telemetry channels. Therefore, the op-
eration of each individual relay can be checked
and then displayed by the test system.

Pulses show relay condition

To clarify the circuit’s operation, let’s number
the relays being tested from 1 through 15 and
label the lines from A through D. Closure of relay
No. 11, for instance, will be indicated if positive
pulses occur in parallel on lines A, B and D. We as-
sume next that because of faulty programing,
relay No. 2 is also energized. This would be indicat-
ed by a signal on line B. However, a pulse also
appears on the line, due to the energized relay No.
11. If these two relays are energized simultaneous-
ly, only a single pulse will appear on line B (see
Fig. 2). Drop-out of any of these relays is delayed
from one-half to 10 seconds by electronic circuitry
in the airborne package. The probability of two
relays dropping out at the same time is very low.
(This is due to the random time in which the re-
lays drop out.) If two relays have been energized

2. A binary-coded pulse input to the logic circuit. The
solid lines indicate pulses associated with relay #11.
The dotted pulse shows the only signal change required
to identify relay #2.

1. A telemetry link provides control/monitor path be-
tween the airborne package and the test system. A dual
counter is used to display the test results. One clock
signal triggers both airborne and ground systems.
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3. The logic circuit shown above is connected to one in-
put line of the ground-based test system.

simultaneously, they will not drop out together. In
this case two distinct negative pulses will appear
on the same binary line.

Fig. 3 shows the circuitry connected to one bin-
ary line. Closure of the tested relay causes pnp-con-
trolled switch @, to conduct. Transistor @, acts like
a bistable flip-flop. A change in the state of Q, stops
conduction of transistor @., which starts the nega-
tive gate for the counting circuit. Conduction of
@, also energizes relay K,. One contact set of K,
inserts R in series with the relay coil to reduce
the current through @, to the necessary holding
current for the relay.

The negative charge required to drive a con-
trolled switch out of conduction is proportional to
the anode current of such a device. It is therefore
essential to reduce the existing anode current to
avoid the need for excessive negative charge. The
other set of K, contacts biases CR,, which, to-
gether with CR., R;, and R;, forms an AND gate.

The first pulse that occurs when the tested relay
opens makes @, nonconducting. This de-energizes
relay K, and turns on Q.. Contacts of K, now bias
the AND gate to open it. The drop-out time of K,
must be slightly longer than the width of the nega-
tive pulse. This prevents the trailing edge of the
pulse from passing through the AND gate.

A second pulse that occurs on the same binary
line before another closure pulse does will there-
fore pass through this gate and turn on the
“trouble” light, indicating that more than one re-
lay has been closed.

While the procedures described here are particu-
larly suitable for testing a remotely located system,
similar techniques can be employed wherever a
group of relays is to be tested. m =
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IF THIS
MINIATURE METAL
FILM RESISTOR
DOESN'T CHANGE YOUR

design ideas

e e b
i RN
i
bBESS L
O L
[ ——— |
Part No. Power Ohms Tol. Temp. Coef.
PME 50 1/20 W 10Q to 1M +1% to .1% T-0, T-2, T-9
PME 55 1/10 W 10Q to 3M *+1% to .1% T-0, T-2, T-9
PME 60 1/8 W 492 to 7.5M +1% to .1% T-0, T-2, T-9
PME 65 1/4 W 49Q to 20M +1% to .1% T-0, T-2, T-9
PME 70 1/2 W 24Q to 30M +1% to .1% T-0, T-2, T-9
PME 75 1 W 49Q to 50M +1% to .1% T-0, T-2, T-QJ

The stability and accuracy of Pyrofilm’s PME metal film
resistors makes their use ideal in applications where before
only wire wound resistors could be used. These resistors
are virtually unaffected by environmental conditions and
withstand constant exposure to high moisture conditions
without change in specifications. PME resistors meet or
surpass all requirements of MIL-R-10509F.

Send for fact-filled literature sheet!

PYROFILM RESISTOR

COMPANY, INC.

3 SADDLE ROAD - CEDAR KNOLLS, NEW JERSEY - 201-539-7110
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HIGH POWER at
WIDE BANDWIDTHS?

|

TELONI PD SWEEP GENERATORS
DELIVER 4 WRTTS OF SWEPT RF

..for frequency testing of networks, filters,
transmission lines, varactors, klystrons and
other systems at hzgh power levels.

Telonic’s PD Series of sweep generators supplies
maximum versatility for testing, aligning, and adjusting
operations. First —they may be used in 4 modes, swept
RF, modulated swept RF, CW, and modulated CW, and
secondly — they supply as much as 4 watts of output,
providing power levels at which the unit under test will
actually be functioning.

Considering all this versatility and their ability to provide
more test data in less time, the PD Sweep Generators be-
come necessary instrumentation in any application using
tedious, single-point, signal generator techniques.

SPECIFICATIONS PD-2 PD-3 PD-7 PD-8
CENTER FREQUENCY [20-100 MHz | 100-250 MHz|200-375 MHz |[375-1000 MHz
SWEEP WIDTH 0.2-15% 0.2-15% 0.2-10% 0.2-15%
SWEPT RANGE 18-105 MHz | 90-260 MHz |190-385 MHz | 330-1010 MHz
SWEEP FUNCTION 14 v RMS into 50 ohms (4 watts)

Attenuator out ¥

Attenuator in 10 v RMS into 50 ohms (2 watts)
CW FUNCTION 2 watts into 50 ohms

Attenuator out =

Attenuator in 1 watt into 50 ohms
PRICE $2500

Complete specifications on the

PD Sweep Generators and all

Telonic swept frequency

instrumentation is  «

1 available in General |

.

Catalog 64-A-1.

® Yours on request.

H INDUSTRIES, INC.

J'U_L- 60 NORTH FIRST AVE., BEECH GROVE, INDIANA
- TEL.: (317) 787-3231 TWX: 810-341-3202
World Leader in Swept Frequency Instrumentation.

11T

Representatives in all major cities in the U.S. and Overseas.
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Precision you can trust,
pecause It's built in.

+50 ppm TC.
1/2% and 1% tolerances.

<0.5% load-life

AR guaranteed.

Mil-R-10509E, Ghar. C.

New CORNING NC-style Resistors.

L g

NC4—1/10 watt at 125° C., 49.9 ohms to 150K

NC5—1/8 watt at 125° C., 49.9 ohms to 499K

NC6—1/4 watt at 125° C., 49.9 ohms to 1 Meg.

True precision resistors with all the long-term reliability you've
come to expect from CORNING glass-tin oxide film. And not just
tested into some. Nor sorted out of many.

But precision that’s built in...in a continuous manufacturing
process that provides the highest inherent reliability of any re-
sistor made today. Here's how:

The tin oxide film is bonded molecularly to a glass cane sub-
strate at red heat . . . it isn’t plastered on, or sputtered on.

Temperature coefficient of film and substrate match perfectly.

The substrate is chemically inert to the film.

Once cooled, the film compares in hardness to high-carbon
tool steel . . . you can’t scrape it off.

We make CORNING NC-styles with these materials and this
technique to guarantee you constant resistivity, constant quality

. precision that’s built in.

Call your CORNING distributor for technical data and samples
or send the coupon today. Evaluate the new NC-styles, and see
how their built-in precision gives you new design confidence.

2 [
1 CORNING GLASS WORKS, 3909 Electronics Dr., Raleigh, N.C. .
E Please send me new NC-style Resistors data and samples. i

1
N N el s Titles = Settan o0 Ay S NG F Lo o :
i 1
E ComMpany:AAt R e BT, Lk L I R T iR B R B E
L Address - e ;
e e e S it SO e Stated .zl . oafe ZipW Mt et T :
I 1
1 i
1 I
: CORNING :
! ELECTRONI !
1 [

Speed Inquiry to Advertiser via Collect Night Letter
ON READER-SERVICE CARD CIRCLE 32
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IDEAS FOR DESIGN

Coupling-irises arrangement
solves microwave filter need

A circular “iris,” cut into a metallic element to
form an aperture, establishes a loose-coupling
property. This feature is then used to satisfy
narrow-band filter needs in microwave guides.

Both quarter-wave-coupled and direct-coupled
waveguide bandpass filters often employ inductive
irises as coupling elements. To construct the
narrow-band filters, loose couplings with large,
normalized iris susceptances are required. To
obtain these loose couplings, just cut circular
apertures in thin metallic inductive-coupling irises.

Usually these irises can be soldered to both the
top walls and side walls of the rectangular wave-

//M |

0.031"— —* 003"
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200 \
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\\ 10,000 MHz
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N
o
%

AV

11,000 MHz

o

H

0.100 0.150 0.200 0.250 0.300 0.350
IRIS DIAMETER-INCHES

®

The loose-coupling needs of microwave narrow-band filters
are inexpensively met by making a circular aperture in a
metallic element (a). The irises thus formed exhibit large
normalized susceptances at X-band frequencies (b).

0.400 0450

IDEAS FOR DESIGN: Submit your Idea for Design describing a
new or important circuit or design technique, the clever use of a
new component, or a cost-saving design tip to our ldeas for Design
editor. If your idea is published, you will receive $20 and become
eligible for an additional $30 (awarded for the Best of Issue Idea)
and the grand prize of $1000 for the Idea of the Year.

84

guide. But by leaving small gaps in the irises near
the waveguide side walls, we can eliminate the
soldering of the irises to the side walls. This
simplifies substantially the filter’s solder assembly
and eliminates some perturbations in circuit
performance caused by the inability to control and
reproduce solder fillets.

This technique was applied in an X-Band (RG-
52/U) waveguide with an iris thickness of 0.031
in. and 0.031 in. gaps (see diagram, part “a”).
Insertion-loss measurements were performed for

various aperture diameters, and normalized
susceptances were calculated from
B = 2/ antilog,, (L/10) —1, (1)

where B is the normalized iris susceptance and L
is the insertion loss in dB.

Experimental curves of normalized suscep-
tances vs aperture diameter are plotted in “b” of
the accompanying diagram for various frequen-
cies between 8.5 GHz and 11.0 GHz. The ensuing
normalized susceptances in excess of 100 validate
this technique for attaining loose coupling.

Triple inductive posts are also practical cou-
pling elements for normalized susceptances be-
tween 10 and 75. However, for larger suscep-
tances (>75), the proposed technique is both
inexpensive and more fruitful. Under some cir-
cumstances the circular apertures in the coupling
irises may be enlarged to final size subsequent to
solder assembly (where assembly procedures
warrant this step). :

Richard M. Kurzrok, Senior Engineering Scien-
tist, Communications System Laboratory, RCA,
New York, N. Y.

VOTE FOR 110

OR gate and RC timing
control UJT pulse rate

You can get smooth control of a unijunction-
transistor (UJT) output-pulse rate by combining
a two-input diode OR gate with a pair of RC-
timing networks. Simplicity and low cost also
make this circuit attractive.

Networks R,C, and R,C. make up the time-
decision portion of the circuit (see diagram). The
time constant of R,C, is usually made larger than
that of R.C.,. The outputs of the two timing
circuits appear at the emitter of the UJT.

The diodes insure that the UJT trigger control
is established by the smaller (faster) of the tim-

(continued on p 86)
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Coors Strate-Breaks

Speed Circuit

Manufacturing

High quantity production of integrated circuits with o
uniform quality, increased precision tolerances, greater CO%S’L e/}"
economy in the production of micro-ceramic components—

all these are yours by gang printing your circuits on Coors
o o i) (-] B J

Strate-Breaks. No cutting apart, no multiple handling =
before assembly. Just SNAP!...and there are your indi- Ce/)/‘a/m/z/cs
vidual components with a straig mooth, precision edge.

Coors Strate-Breaks are made to your specifications in sizes from 14" x 14” to
4" x 4. They are available unglazed for thick-film circuits, and glazed or unglazed
for thin-film circuits. For on-the-spot answers to your questions, dial the Coors
“hot line”- 303/279-4533, Ext. 351. For full details on Coors Strate-Breaks, write
for Coors Strate-Break Data Sheet 7011.

Patent
Pending

CERAMICS

ALUMINAS e« BERYLLIAS « MAGNESIAS e SPECIAL OXIDES

Coors Porcelain Co., Golden, Colo.




IDEAS FOR DESIGN

INPUT
PULSE

Timing networks R,C, and R,C, and diodes control the
triggering of the UJT. Actual triggering is caused by the
network with the shorter of the two time constants. The
interval between trigger pulses is determined by R,C,.

(continued from p 84)
ing networks. This minimizes the input’s influence
on the trigger cycle. The time interval between
UJT trigger pulses is determined by R,C,.

This circuit was designed for use in traffic-
control systems.

Tetsuo Funaki, Research Engineer, Churitsu
Electric Co. Nagoya, Japan.

VOTE FOR 111

Tunnel diode and transistor
form linear monopolar gate

A tunnel diode and a transistor may be com-
bined to form a simple, bi-directional linear mono-
polar gate. The gate is then useful for time-sam-
pling pulses, without disturbing their linearity,
and for blanking applications.

This is especially advantageous in nuclear
physics experiments, where it is frequently neces-
sary to time-sample pulses and still maintain
linearity. An example is the measurement of
gamma-ray spectra corresponding to various
neutron resonances, which are selected by time-of-
flight parameters.

The monopolar gate (part “a” of diagram) is
intended for use with positive pulses. When the
pulses are to be gated out, the tunnel diode is
pulsed into its high-voltage state. This saturates
the transistor, which then bypasses most of the
signal to ground. In this way an attenuation of
50:1 is obtained with a single gate.

When the gate is to be opened, the tunnel diode
is pulsed to its low-voltage state. Pulses of 5 volts
amplitude will set or reset the circuit. A positive
pulse of 10 volts, applied to the derivative input,
will close the gate on the leading edge and open it
on the trailing edge. When the transistor satu-
rates, it does not go all the way to zero. Also, some
signals have a small dc component. For these
reasons a pedestal adjustment is provided. By
adjusting the pedestal, we limit transients to 50
mV or less.

Part “b” of the diagram displays the pulses

86

SIGNAL PATH
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DERIVATIVE

G

(b)

Combination of transistor and tunnel diode forms a sim-
ple, bi-directional linear monopolar gate (a). The gate is
used for time-sampling and blanking applications (b) in
pulse systems. This design does not impair linearity re-
quirements.

from a free-running generator blanked out for 10
us with the gate.

R. R. Fullwood, Department of Nuclear Engi-
neering and Science, Rensselaer Polytechnic
Institute, Troy, N. Y.

VOTE FOR 112

Inexpensive null detector
is sensitive and accurate

Here’s a useful, accurate, null-detection circuit
that utilizes inexpensive components and has
proved to be highly reliable. Null sensitivities of
25 mW are easily obtained with inputs having a
signal swing of +6 volts.

The circuit (see illustration) operates as fol-
lows:

With no input signal present, transistors @,
and Q. are saturated by the base bias currents
supplied through resistors R, and R,. This results
in the cut-off of transistors @,;, Q. and @;. The

(continued on p 88)
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Listen to
this page.

The MC 4000 prints as silently as hight striking this page.

April 12, 1966

Monroe Datalog®s ultra high speed
MC 4000 is totally silent because it’s
an optical, not an impact printer. All
solid state. Cathode ray tube with fiber
optics. Absolutely reliable—only two
moving parts.

Ultra high speed—records 6000 lines
per minute, or any speed less that your
application requires. Truly synchro-
nous or asynchronous. Available in
numeric or alphanumeric models—
both 32 columns wide.

Features: character serial input, bit
parallel. 6 microseconds per character

ON READER-SERVICE CARD CICLE 33

data transfer time. Exceptional com-
pactness— 105" x 1034" x 2115". Any
4 or 6 line code with any logic level.
Permanent copy option available.

And a full year’s warranty. Price:
$5650 for numeric model; $5850 for
alphanumeric model.

For information, contact Monroe
Datalog Division of Litton Industries,
343 Sansome St., San Francisco 94104.
(415) 397-2813.

MONROE DATALOG

DIVISION OF LITTON INDUSTRIES

87
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1. Null symmetry and sensitivity are easily varied by R,
and R,, respectively, in this inexpensive null detector cir-

(continued from p 86)

output voltage remains at zero volts, due to the
voltage divider action of R,,, R,,, CR, and CR..
These conditions exist quiescently and also for a
null (zero-volt) input signal.

For any non-zero input signal, either @, and Q.
will cut off (depending upon polarity of the input
signal), thereby resulting in the saturation of
either Q, or @,. The output voltage will shift to a
negative level that may be conveniently used to
inhibit some external system function. The magni-
tude of the output inhibiting voltage is easily
adjusted by varying the ratio of R, to either R,
or- R,

The circuit’s transfer characteristics are illus-
trated in Fig. 1b. Note that the null sensitivity is
conveniently varied by adjusting R,, while the
symmetry of the null detection is variable by
means of R,.

The circuit was originally designed to indicate
the presence of a null output signal from a magne-
tometer guidance system, but it is equally useful

88

cuit (a). The transfer characteristic of the circuit (b) shows
good linearity.

in a variety of applications that require accurate
determination of a null input signal.
Phil M. Salomon, Consultant, Impro Corp., Pasa-
dena, Calif.
VOTE FOR 113

Push-button monopulse unit
shows clean, ring-free output

The use of a simple switch and two. diodes
insures that only one output pulse is produced by
a pulse generator. Moreover, this circuitry helps
keep the output clean and free of ringing effects.

Whenever an ordinary push-button switch is
used for the initiation of the pulse in single-pulse
generators, there is always the risk of obtaining
more than one output pulse, due to the ringings of
the switech contacts. The contact ringing plays
havoc with the charge and discharge functioning

(continued on p 90)
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NEW ERIE Low Pass FILTERS

CONVENTIONAL FILTERS

Actual Size ||
|

100 Volts DC line Filter; For

NEW - L, and T Circuits; Inser- |

ACTUAL tion Loss...67 DB at 150KC |
SIZE DC Current Ratings to 8.0
Amp. 13-28 Thd. mounts in

chassis.

115 Volts AC @ 60 cycles; il
Insertion Loss, 12 DB @ {|
150 KC and 60 DB @ 10 Mc.;
Y4-28 Thd. mounts in chassis.

ACTUAL SIZE
CONVENTIONAL FILTER

ERIE'S NEW FILTER TECHNOLOGY PERMITS DRASTIC REDUCTION IN SIZE HERMETICALLY SEALED
AIR DIELECTRIC STRIPLINE

FILTER AND DIODE HOLDER

Now, from Erie’s Project “ACTIVE” (Advanced Components Through Increased
Volumetric Efficiency) comes a new line of subminiature high pass, low pass and band
rejection L, T and T Section Filters.

Volume reduction of these high reliability filters ranges to 13 times smaller
than conventional filters of equal capability. Weight is correspondingly reduced, thus
providing ideal RFI (electromagnetic interference) Filtering for equipment in
aerospace, military and commercial markets.

Erie’s new filter technology permits insertion loss ratios of 67 DB @ .25A @ 150 KC
...volumetric efficiencies which were never before possible.

In addition to the standard line filters described at right, Erie offers a full line
of compact Bypass Capacitor Systems for transmitting tubes. Also, if you have particular
electromagnetic interference problems not covered by standard Erie filters,
we will be happy to custom design a filter connector package to suit your application.

Write TODAY for Bulletin 9000 and the name of your nearby Erie Field Sales Engineer.

AIR FLOW SOCKET SYSTEM AND
SCREEN GRID BYPASS CAPACITORS

Erie now provides effective and reliable capacitive
bypassing and coupling or filtering of all

RFI signals in the range of 10 to 3,000 megacycles
and beyond. Screen grid values from 1000 pf.

to 10,000 pf. at 1000 WVDC. Variety of systems
to meet your design requirements.

Write for Bulletin 9800.

Erie’s Project “ACTIVE"”
Advanced Components Through Increased Volumetric Efficiency

ON READER-SERVICE CARD CIRCLE 34
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Two components in one for
T circuits...1. Precision
capacitor values for selec-
tive bias ... 2. Signal line
filter network. lIsolation

shaped as required.

SUBMINIATURE STRIPLINE
T and T SECTION FILTERS

Ribbon leads; 50 DB @ 1 Gc.
Excellent VSWR. Effective
filtering beyond 4 Gc.

TECHNOLOGICAL

PRODUCTS, Inc.

B

o

s
aDp

Erie, Pennsylvania
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IDEAS FOR DESIGN

Switch and two diodes insure that output of monopulse
generator is free of ringing. The result of this approach is
(continued from p 88)

of the timing capacitor. This problem can be
easily overcome by the use of a modified switching
network (see illusration).

In the new circuit, switch S is normally in
position 1 and transistor @, of the R-S flip-flop is
thereby conducting. When S is brought to position
2, the flip-flop changes state, and a single positive
step appears at the collector of @Q., independent of
any ringings of the switch contacts in position 2.
This step triggers the monostable circuit (Q. and

Qs) via Q..

O -12V
l' 1’ . 1' 1’ 1’ 1.
318k :Hsk S 22k 1.8k $22k 318k
470pF
[ o 22K (P4
1 [ Qs l '}' ATC
il Qa 2NS8I 2Ns8I Qs
> ‘b ‘P
<:I00k |00|(<: <:|00k
< < <
O +I2V
OUTPUT 10 OUTPUT 20 J_-'

Ll s
a sharply defined waveshape that does not contain un-
wanted pulses.

When S returns to position 1, a negative step is
produced at the collector of Q., but this has no
effect on the triggering transistor. Consequently
the output pulse is independent of any ringings of
the switch contacts in position 1. The duration of
the output pulse may be varied by means of the
collector-to-base coupling capacitor C.

Dimatrios Doucas, Development
Nuclear Research Center Democritos,
Greece.

Engineer,
Athens,

VOTE FOR 114

SCR-UJT circuit gives
economical time delay

A simple time-delay circuit built with a silicon-
controlled rectifier (SCR) and a unijunction
transistor (UJT) turns itself off after the time-
delay period has elapsed.

In conventional designs the SCR stays on until
it is turned off either by a current-interruption

-24v +24V

Re
1k

R
b3
150k $ SCR;

MCR 1604 —|

22
22k;

SCR does not remain on after elapse of the time delay in
this UJT timing circuit. A portion of the UJT output pulse
appears across R;, and back-biases the SCR at the termi-
nation of the time-delay period.

90

method or some other commutation scheme.

In the new design (see illustration) the SCR is
turned on when SW, is closed. The voltage across
load resistor R, becomes approximately 23 volts.
Capacitor C, is then charged to the 23-volt level in
a short time, determined by the C.R; product.
Similarly, capacitor C, is charged toward 23 volts
through R, and R;.

The UJT fires when the voltage across C,
reaches approximately 18 volts. The discharge
current of C, through the UJT causes a voltage
rise of approximately 18 volts to appear across
resistor R;, thus reverse-biasing the SCR. If the
discharge time constant is longer than the SCR
turn-off time, the SCR will not conduct.

Transistor @, is used to reset the voltage across
C, to approximately 0.6 volt when SW, is closed.
This will maintain the preset time-delay constant.
The length of the delay is determined by the UJT
emitter-charging network.

S. Hao, Sr., Engineer, Westrex Communications
Div. of Litton Industries, New Rochelle, N. Y.

VOTE FOR 115

IFD Winner for Jan. 4, 1966
Gilbert Marosi, Senior Engineer, Friden Inc., San
Leandro, Calif.

His idea, “Bipolar current source simplifies tri-
angle generator,” has been voted the $50.00 Most
Valuable of Issue Award.

Cast Your Vote for the Best Idea in this Issue.

ELECTRONIC DESIGN



new high-speed

an type
flip-flop

® Transitron’s TFF3512 and TFF3514
raceless, dual-rank, high-speed “D"’-
type flip-flops represent a new addi-
tion to what is already the broadest
line of flip-flops in a single logic
family

® The new high-speed unit comple-
ments, typically, on a 50-megacycle
input signal. The unusually high oper-
ating speeds, which are particularly
insensitive to heavy loading, have
been achieved by dual steering of the
second rank flip-flop.

TYPICAL FLIP-FLOP LOGIC DIAGRAM

fit 77 11

op>4{

® A maximum of input gating is pro-
vided to simplify external gating re-
quirements. The configuration chosen
eliminates redundant inputs and the
necessity of supplying the data com-
plement to form the’set” function,
thereby reducing interconnections.
Connections for holding a logic “1”
have also been incorporated into the
flip-flop. A built-in clock buffer re-
duces the clock line driving require-
ments. Noise immunity in excess of
1.0 volt, and fanouts in excess of 15
are typical, with other characteristics
and logic levels representative of
HLTTL circuitry.

® The high speed and extended gat-
ing capability of these units make
them extremely desirable for arith-
metic and general register applica-
tions.

non-inverting
gates

B A new generation of non-inverting
“AND” and “OR” gates has been
added to Transitron’s broad HLTTL
family. Developed for use in systems
where simplification-and higher
speeds are important factors, the new
gates exhibit the high capacitive drive
capability, high noise margin, and
high speed characteristic of the HLTTL

design.
TYPICAL VOLTAGE TRANSFER CHARACTERISTICS

Vee30v —

ouTPUT voLTAGE (it}

AT T 5 : o |
IWPUT VOLTAGE (veita)

® Functions in the series include:

TNG6222 and 6224 — Dual 4 input ‘‘AND’' gate
with transient control
TNG6252 and 6254 — Expandable du:l[«)% mpn;t
"' gate
TNG6262 and 6264 — Expandable dual 3 in
““AND’’ gate with transient con rol
TNG6522 and 6524 — Expandable single 4 in-
put driver gate with transient control
TNG7252 and 7254 — Expandable dual 2 4 2
input “OR" gates
TNG7712 — 8 + 3 input expander gate
TNG7812 — 4 + 4 + 3 input expander gate
TNG7912 — Dual 2 + 3 input expander gates

® Extremely sharp voltage transfer
characteristics are provided by the
series, resulting in noise margins typ-
ically in excess of 1.3 volts. Fast
charge removal from the output tran-
sistor provides the ultimate in reduc-
tion of supply current during switch-
ing. Double inversion is utilized to
provide the non-inverted feature with
no sacrifice in propagation delay.
Typical propagation delay times are
12 nanoseconds with 15 pf load and
fanout of 1. Some of the circuits offer
the possibility of controlling output
transients through the use of an ex-
ternal capacitor. This is particularly
useful in applications where length of
interconnections would result in ex-
cessive noise coupling.

memory cell

B A new 16-bit, bit-oriented, non-

destructive readout, integrated cir-
cuit memory cell utilizing HLTTL tech-
nology is now available from Transi-
tron for “scratch pad” memory ap-
plications.

B The new memory cells, designated
TMC3162 and TMC3164, consist of 16
two-transistor flip-flops arranged in a
4 X 4 matrix which provides the infor-
mation storage. Two write amplifiers
and two sense amplifiers are also
built into the element. Extremely high
speed operation is achieved through
a unique circuit design. The unit ex-
hibits delay times of less than 20
nanoseconds between addressing and
writing or sensing. Both data and data
complement are available at the sens-
ing terminals, which can be paralleled
with those of similar units to form
larger arrays.

® The memory cell operates from a
nominal supply voltage of 5 volts
with addressing, writing and sensing
voltage levels compatible with HLTTL
logic circuitry. Typical high noise
margins are in excess of 1.0 volt.

PACKAGING — All of the new
HLTTL units shown here are
available in a 14-lead flat pack-
age (designated by the suffix “/F”’
added to the type number), or a
14-lead dual in-line package (suf-
fix /P added to type number).

NEW LITERATURE l
?

— Write today for com-
plete specifications and
details on these new ad-
ditions to Transitron’s
broad HLTTL line.

Tra n;clh'on

electronic “corporation
Wakefield. Massachusetts

April 12,

1966

Speed Inquiry to Advertiser via Collect Night Letter
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Is complementary symmetry
the only way
to sell audio transistors
today?
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Complementary Symmetry is the
ultimate in economical, reliable cir-
cuitry for audio applications up to 12
watts.

FOR PHONOS (1 to 5 WATTS)

Complementary Symmetry
achieves enormous manufacturing
savings with no sacrifice in reliabil-
ity, by using transistors as they
should be used—as low voltage, low
impedence, low temperature devices
for Class B push-pull, instead of high
voltage, high impedence (Class A)
with transformers and associated
components and high temperatures.
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THE AMPEREX WAY

VOLTAGE
DEPENDENT -]
RESISTOR —
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©)
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THE OLD WAY

Low voltage eliminates need for
bottom plates, interlocks, etc. Low
temperatures mean longer, more re-
liable component life. Simple mount-
ing clip eliminates need for expen-
sive heat sinks, mica insulating
washers and mounting hardware. No
output transformers or VDR’s...low

14VAC
(OVERWIND)

_E. +
T | :

output impedence of emitter fol-
lower output circuit obsoletes im-
pedence-matching output transform-
er and related voltage dependent
resistors.

Complementary Symmetry is not a
new audio engineering approach! It
has long been an audio designer's
dream—a textbook approach! What
is new, is that Amperex now provides
the tools to make the textbook
dream come true. We have the
matched, paired transistors, dual
heat-sinks, simplified circuits and
application reports. Our applications
department is at your service...and
where required, complete bread-
boarded prototypes will be provided.

2N2707 matched pair 2N2430 (NPN)
and 2N2706 (PNP) for power up to
one watt for low cost phonos, am-
plifiers and radio; TO-1 cases in dual
heat-sink clip.

2N4136 matched pair 2N2430 (NPN)
and 2N2431 (PNP) for power up to
2.5 watts; TO-1 cases in dual heat-
sink clip.

2N4107 matched pair 2N4105 (NPN)
and 2N4106 (PNP) for power up to 7
watts; TO-1 cases in extruded alumi-
num heat-sink.

2N4079 matched pair 2N4077 (NPN)
and 2N4078 (PNP) for power up to 12
watts; TO-3 cases.

FOR AUTO RADIO OUTPUTS
(5 watts at 13.6 volts)
THE NEW 2N4079 PAIR

IS IDEALLY SUITED

You bet it is!

For data and for details of the
Amperex “whole ball of wax” sales
and applications program (transis-
tors, circuits, protoypes, lab reports,
etc.), write Amperex Electronic
Corporation, Semiconductor and
Receiving Tube Division, Dept. 371,
Slatersville, Rhode Island 02876.

EXTRUDED
ALUMINUM
HEAT-SINK

SMALL TO-3
PACKAGE

April 12, 1966

Speed Inquiry to Advertiser via Collect Night Letter
ON READER-SERVICE CARD CIRCLE 36
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CONSUMER
ELECTRONICS
OPPORTUNITIES

TV / CRT ENGINEERING AND MANUFACTURING

G.E.'S TELEVISION RECEIVER DEPARTMENT OFFERS YOU:

m A variety of career openings
in professional engineering

= A chance to couple your personal progress
with our long-range husiness growth

= Full 6.E. benefits — including advanced
education and stock/savings plan

m A good place to live and work in Syracuse,
N. Y. or Portsmouth, Va.

m At Television Receiver Department, you'll be part of General Electric’s broadly
diversified consumer electronics business—contributing professionally to a growth
curve that's on a steep upswing. We've always tried to encourage innovation,
and it's paying off in new designs like our new Porta-color TV; our battery port-
able; the 12” personal portable, (plus a lot of other things due soon or a long way
out that you’ll be in the thick of). G.E. benefits are liberal —up to four weeks
vacation, pension, insurance, and include a Savings and Security plan where the
Company matches half your savings. TVR is headquartered at beautiful Elec-
tronics Park in Syracuse—a campus-like electronics center near one of Upstate
New York’s most progressive cities. And a positive indication of growth: our new
plant in Portsmouth, Va. (right on the seashore %2 hour from Virginia Beach.)

®m REVIEW THIS PARTIAL LIST OF OPENINGS. m Signal Circuit Design: con-
ceive, develop and apply signal processing circuits to development of mono-
chrome and color TV. m Deflection Circuit Design: develop deflection and con-
vergence circuits for TV receivers. Requires experience in design of deflection
yokes and related magnetic deflection components. ® Mechanical Product De-
sign: requires 2-4 years experience in consumer electro-mechanical product
design and packaging. @ Component Design and/or Application: conceive, design
and apply electronic components for monochrome and color TV receivers. Needs
2-4 years component design or application experience. m TV QC, Process Control
and Mfg. Engineering: establish, plan and attain QC programs. Apply QC principles
to engineering design; develop plan; determine quality capabilities methods, test-
ing, evaluating; analyze failure data; recommend action. BSEE plus QC or TV
production ® CRT Design, Mfg, Process and Quality Control Engineering: Design
and develop cathode ray tube products for both monochrome and color, including
element, materials application, mfg. techniques, and QC. 2-10 years related
experience needed.

® FOR MORE INFORMATION, OR TO ARRANGE A PERSONAL INTERVIEW, send
a resume in confidence to Mr. M. H. FitzGibbons, Television Receiver Dept.,
Box 122, General Electric Co., Electronics Park, Syracuse, N. Y. 13201. An Equal
Opportunity Employer (M/F) 231-12

GENERAL @D ELECTRIC

ON CAREER-INQUIRY FORM CIRCLE 901

Looking
for a
New Job?

* Fill out one applica-
tion . . .

* Check off the com-
panies that interest
you . . .

* We do the rest

Contacting the job market takes
only ten minutes with ELECTRON-
IC DESIGN’s Career Inquiry Ser-
vice. To put Career Inquiry Service
to work for you, fill in the attached
resume. Study the employment op-
portunity ads in this section. Then
circle the numbers at the bottom
of the form that correspond to the
numbers of the ads that interest
you.

ELECTRONIC DESIGN will be your
secretary, type neat duplicates of
your application and send them to
any number of companies you se-
lect—the same day the resume is
received.

Career Inquiry Service is a fast,
efficient way to present your job
qualifications to companies re-
cruiting engineering personnel—
as confidentially and discreetly as
you would in person. This service
is the first of its kind in the elec-
tronic field, and one that engi-
neers have used effectively since
its inception in 1959.

We take the following precautions
to ensure that your application re-
ceives complete, confidential pro-
tection:

e All forms are delivered un-
opened to one reliable spe-
cialist at ELECTRONIC DE-
SIGN.

e Your form is kept confiden-
tial and is processed only by
this specialist.

e The ‘‘circle number' portion
of the form is detached be-
fore the application is sent
to an employer, so that no
company will know how many
numbers you circled.

e All original applications are
placed in confidential files at
ELECTRONIC DESIGN and
after a reasonable lapse of
time they are destroyed.

ELECTRONIC DESIGN



ELECTRONIC DESIGN GAREER lNuUIRY SERWCE USE BEFORE MAY 24, 1966

April 12, 1966

After completing, staple, fold and mail career form to ELECTRONIC DESIGN, 850 Third Avenue, New
York, N. Y. Our Reader Service Department will forward copies to the companies you select below.

(Please print with a soft pencil or type.)

Name Telephone
Home Address City Zone i L “Stgte
Date of Birth Place of Birth Citizenship

Position Desired

Educational History
College Dates Degree Major Honors

Recent Special Training

Employment History
Company City and State Dates Title Engineering Specialty

Outstanding Engineering and Administrative Experience

Professional Societies

Published Articles

Minimum Salary Requirements (Optional)

Use section below instead of Reader Service Card. Do not write personal
data below this lirie. This section will be detached before processing.

Circle Career Inquiry numbers of companies that interest you

900 901 902 903 904 905 906 907 908 909 910 911 912 913 914 915 916 917 918 919 920 921 922 923 924

925 926 927 928 929 930 931 932 933 934 935 936 937 938 939 940 941 942 943 944 945 946 947 948 949




Fold here, staple and Mail.
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FIRST CLASS
Permit No. 725
New York, N.Y.

BUSINESS REPLY MAIL

No Postage Stamp Necessary if Mailed in the United States

POSTAGE WILL BE PAID BY

ELECTRONIC DESIGN

READER SERVICE
850 THIRD AVENUE
NEW YORK, NEW YORK 10022
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These vital programs in the national interest, now underway at McDonnell, have
created exceptional opportunities for engineers, scientists, physicists, mathemati-
cians, and other specialists in aerospace design, human factors, electronics, and data
handling. For more information, complete the resume form below. For a compre-
hensive, immediate review of your qualifications, include your complete resume.

Mail ThisForm To: W. R. Wardle, McDonnell Employment, Dept.R-412, Box 516, St. Louis, Mo. 63166

Home Address City & State Zip

Education: BS MS PhD Major Field:
Date Date Date

Primary Experience Area:

Present Position :

Number of Years I would like to receive application form []

Openings now exist in the following areas:

Aerodynamics, Automation, Control and Structural Dynamics, Design,
Electronics, Engineering Planning, Ground Support Equipment, Liaison, Materials,
Mathematics, Metallurgy, Operations Analysis, Propulsion, Reliability, Research,
Space Medicine, Structures, Systems Management, Thermodynamics.

An Equal Opportunity Employer
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George Wasingtn couldn’t
sleep here.

There’s too much going on.

“Here” is 1iBM’s Federal Systems
Center in Bethesda, Maryland.
What's going on? Plenty!

Our principal mission is to develop
and build special information
processing equipment to solve
individual and unique problems for
command/intelligence, marine,
tactical and communications
systems.

98.

As a member of our creative Federal
Systems Center team, you'll work

on some of the most advanced,
sophisticated systems development
problems we believe you’ve ever seen.

If your discipline is listed below,
we may have an immediate opening
for you. Look and see if your talent
and training are needed.

It’s kind of great to get to the job
when you know you’re needed,
important, and growing.

Sonar systems design + Advanced
communications systems design *
Systems engineering - Digital and
analog circuit design * Digital
systems logic design * Mechanical
ON CAREER-INQUIRY FORM CIRCLE 903

packaging design - Electrical systems
design - Optical mechanical design.

BM is an Equal Opportunity Employer.
Direct your resume in complete
confidence to:

Mr. J. B. Farrington, Dept. 555R,
1BM Federal Systems Center,

Federal Systems Division, IBM
®

7220 Wisconsin Avenue,
Bethesda, Maryland.

ELECTRONIC DESIGN



CARE

Engineers and Scientists:

The Hughes Aircraft Company

15 proud to announce the establishment of

TH
PR@F

A%

i, HUGHES
LOSIONAL
LLOPMENT

PR@ GRAM

This new Program emphasizes individual
career growth through a sequence of
selected work assignments for graduate
engineers who have acquired between
two and eight years of professional ex-
perience. It is designed primarily for two
types of development:

]L Specialized, in-depth assignments
to develop unusual proficiency in a spe-
cific area of interest.

20 Broad, systems-types of assign-
ments to prepare for system and project
engineering responsibilities.

There will be a maximum of three
assignments which will be determined
jointly by the participant and the Profes-
sional Development Section. The assign-
ments, which are flexible in length would
normally extend for one year each. They
may be selected from a broad spectrum
of aerospace electronics hardware and
systems-oriented programs and will be
designed to provide optimum back-
grounds in specialized areas of interest.

The Program will be limited to 50 par-
ticipants in 1966. These will be selected
from candidates who are graduates in
E.E., M.E. or Physics from fully-accredit-

April 12, 1966

ed universities and who have acquired
from two to eight years of professional-
level technical experience. U.S. citizen-
ship is required.

Those in the Program will receive sal-
aries commensurate with levels estab-
lished by their overall experience and
qualifications.

We invite interested Engineers and
Physicists to submit their qualifications

for consideration.

Please forward your resume including
details of your educational and experi-
ence background to:

Mr. Robert A. Martin

Head of Employment
HUGHES Aerospace Divisions
11940 W. Jefferson Blvd.
Culver City 5, California

HUGHES AIRCRAFT COMPANY
AEROSPACE DIVISIONS

An equal opportunity employer
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engineering management
opportunities with
U.S. NAVY-BUREAU OF SHIPS

ANTI-SUBMARINE
WAREARE

The Navy's high-priority anti-submarine warfare
program, involving multi-million dollar contracts
with industry, needs qualified engineers for program
management involving research, development, test-
ing, evaluation, procurement planning, production,
installation and maintenance in these fields:

e SURFACE SHIP, VARIABLE DEPTH AND SUB-
MARINE SONAR SYSTEMS
e UNDERWATER ACOUSTIC COMMUNICATIONS
AND IFF SYSTEMS
o OCEANOGRAPHY e DIGITAL SIGNAL PROCESSING

® Transportable Underwater Ocean Area
Surveillance Systems
® Acoustic Navigation And Mine Avoidance Equipments
® Inshore Undersea Warfare Equipment
® Mine And Torpedo Detection Sonar
® ASW Target Classification ® Transducer Design
® Non-Acoustic Detection of Submerged Submarines

® Display Engineering ® Systems Analysis

AND OTHER FIELDS: NAVAL ARCHITECTURE; MARINE,
ELECTRICAL, ELECTRONIC, MECHANICAL ENGINEERING
IN—SHIPS DESIGN, CONSTRUCTION AND MAINTENANCE;
MACHINERY DESIGN; RADAR, COMMUNICATIONS, TEST
EQUIPMENT, QUALITY ASSURANCE & RELIABILITY.

These positions, which are in Washington, D.C.,
involve travel and considerable contact with in-
dustrial organizations. Degree in mechanical or
electro/electrical engineering and related experi-
ence desirable. Starting salaries range from $7,987
t0$14,680 depending on experience. Most positions
are at $10,619 and $12,510. Relocation expenses
paid. These are career Civil Service positions with
full benefits, regular salary increases.

Send resume or SF-57 to:

Civilian Personnel Division

Bureau of Ships, Code 263R-08
Department of the Navy, Room 2435
Washington, D.C. 20360

An Equal Opportunity Employer

ON CAREER-INQUIRY FORM CIRCLE 904

NASA
Tech Briels

Molded spacer
protects transistors

Problem: Devise an insulated
holder for mounting metal-case
transistors in a chassis contain-
ing densely packed -electronic
components.

Solution: A molded insulating
spacer which contains one or
more cavities that conform to
the shape of the transistor case.

The cylindrical holder, shown
in the illustration, accommo-
dates two transistors back-to-
back in close-fitting cavities on
either end of the holder. The
transistors are mechanically
supported on their bases and
electrically isolated from each

TRANSISTOR LEADS

\ CHA7SIS
| NN N Y
T

l ]_‘
[ TRANSISTOR TRAN—
HOLDER ~—f— 3ISTORS

BT

L 1
AN NN {
CHASSIS

SIDE VIEW OF HOLDER WITH
TWO TRANSISTOR

other by the holder.

An opening, extending later-
ally through the holder, allows
potting resin to fill the gap be-
tween the transistors. The hold-
ers require little more space than
the transistors themselves.

This type of holder may be
used for insulation and support
of other circuit components.

For further information, con-
tact: Technology  Utilization
Officer, Manned Spacecraft Cen-
ter, P. O. Box 1537, Houston,
Texas 77001 (B65-10389).

ELECTRONIC DESIGN



LATCH on to the EXCITEMENT in
MICROELECTRONICS and
SILICON DEVICE DEVELOPMENT

April 12, 1966

at DELCO RADIO

Enthusiasm is running high at Gen-
eral Motor’s Delco Radio Division.

Exciting developments in micro-
electronics and silicon devices have
spawned a rapidly expanding research

effort. New buildings . . . new equip-
ment . . . and most importantly, new
people!

The dynamic pace of accomplish-
ment at Delco is pushing the state of
the art clear out of sight. The oppor-
tunity is here for those who choose to
capitalize on it.

Microelectronics

Circuit oriented EE’s—0 to 5 years
experience. Here’s a chance to get in
on the excitement in microelectronics.
Research programs in both linear and
digital circuitry embrace monolithic
... thick film . . . thin film . . . and
hybrid microcircuits.

Silicon Device
Development

Lots of room here for the BS, MS,
PhD in Physics, Chemistry, Physical
Chemistry, or related fields. Develop-
ment programs are underway in these
areas:

Low power and very high power
monolithic and hybrid circuits.

Silicon Transistors—from very high

ON CAREER-INQUIRY FORM CIRCLE 905

frequency 10 milliampere through 25
ampere, 1000 volts.

Thyristors—from 50 milliampere
through 500 ampere, 2000 volts.

Zener Diodes.

Silicon Rectifiers—from milliam=
pere through 250 ampere, 3000 volts.

Continuing R&D efforts already
have led to Delco’s leadership in high
power, high voltage silicon transis-
tors. Delco rectifiers—rated at 250
amps, 2000 volts—are going into al-
ternators designed to handle the full
power generated by the latest Diesel-
electric locomotives.

Full-size, fully-transistorized TV
sets now are in production, thanks to
a Delco high powered transistor in
the horizontal and vertical deflection
circuits.

A tremendous momentum is build-
ing at Delco. The time is ripe—now
—to join this outstanding research
group.

If you’d like more information im-
mediately, pick up the phone and call
us collect, Area Code 317/459-2808.
Ask for C. D. Longshore. Or, send
your resume to Mr. Longshore, Sala-
ried Employment, Dept. 101, Delco
Radio Division, General Motors,
Kokomo, Indiana.

An equal opportunity employer
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GANG CRIMPING
A new breakthrough in integrated circuits

All 14 ribbon leads of the flat pack above were crimped
simultaneously to pins on our new AMP-CRIMPAC*
Header . . . a feat of engineering that only a leader
in crimping techniques would attempt.

Frankly, it wasn’t easy—even for us.

For one thing, we had to use plastic as the anvil for
the crimping dies. Nobody had ever done that before.
Then, we had to make the pack’s .050” mounting
centers compatible with existing wiring techniques.
And, to top it off, the whole system had to be com-
pletely trouble-free and uniformly reliable.

Here’'s how we did it. We made the AMP-CRIMPAC
Header of sturdy phenolic and molded in 14 pins,
staggered so that they come through on .100” centers.
We designed a precision automatic machine to gang
crimp all 14 of the pack’'s leads at once. After en-
capsulation, the pack assembly is as rugged as a
transistor can or other plug-in component. It can
either be plugged and soldered directly onto printed
circuit boards, or plugged into an AMP-CRIMPAC
Receptacle.

The receptacle attaches to the system panel and is
provided with posts that accept AMP's TERMI-POINT*
clips for automatic or manual back-panel wiring. Both
the header and its mating receptacle are color-coded,

polarized, and keyed for optimum control during pro-
duction and in field maintenance.
Why go to crimping in integrated circuits? Consider
the evidence:
Reliability is controllable and repeatable
No heat damage to the circuit function
No need for bending or pre-forming pack leads
Exceptionally fast assembly
Less capital outlay for equipment
Available for all 14” x 14" or 14" x 1" flat pack
applications

Now you can enjoy system maintainability right down
to the single flat pack circuit. Write for more informa-
tion on AMP-CRIMPAC Headers and Receptacles today.

*Trademark of AMP INCORPORATED
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| INCORPORATED | uson |
| Harrisburg, Pennsylivania ! j
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Canada e England e France e Holland e Italy ® Japan e Mexico e Spain e West Germany

Speed Inquiry to Advertiser via Collect Night Letter
ON READER-SERVICE CARD CIRCLE 37
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Adjustable resistor has standards-lab accuracy eace 104
Two heads cover vhf and uhf pace 104

Low cost Triacs bring stepless control eace 116
Pushbutton switch for marine use race 116

A dimmer in a socket? . . . 116

Sealed switch finds finny friends . . . 116 Resistance standards are variable yet accurate . . . 104
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TEST EQUIPMENT

Variable standard resistor
exceeds NBS models

A new family of precise adjust-
able standard resistors is available.
They are calibrated to =6 ppm for
use as transfer standards in such
precision measurements as setting
voltage dividers. The manufacturer
claims accuracy and time and tem-
perature stability characteristics ex-
ceeding Rosa or National Bureau of
Standards models. Improved con-
struction and variability yield pre-
cise resistance values to suit the
measuring situation.

Ac measurements using these
standards are facilitated by low dis-
tributed winding capacitance. The
concentric polyester cylinders upon
which the resistors are wound hold
capacitance to 12 pF in the 10 kQ
model.

PLATED
OFHC COPPER
TERMINALS

SCREWDRIVER
TRIMMING
POT
RESISTANCE
WIRE __]
colL
Ol BATH
PLATED
— BRASS
CANISTER

Four models are currently avail-
able: 100 ohms (model 11102A),
1000 ohms (model 11103A), 10 kQ
(11104A) and 100 kQ (11105A).
The temperature coefficient of re-
sistance of all models is typically
+2 parts per million per degree
centigrade and specified perform-
ance is =*=4 ppm/°C maximum.
Drift with time is typically 3 ppm
per year. Alpha and Beta values
used to calculate resistance of the
standard at various temperatures
are supplied with each resistor. The
variability range of each resistor is
+25 ppm and a built-in screw-
driver adjusted pot permits adjust-
ments to 0.3 ppm.

All of the resistors are mounted
in sturdy canisters having the same
basic outside dimensions as the old-
er standards. Mechanical strains
which arose in traditional solid-core
units because of differences in the
temperature coefficients of the re-
sistance element and the support
structure are eliminated. The re-
sistance element is supported by a
flexible polyester film which reduces
stress and improves stability. Care-
ful selection of construction materi-
als has eliminated ionic currents or
“battery effect” often encountered
in the NBS or Rosa models.

Applications cited include bridge
calibration, ratio matching, divider
calibration and de current determi-
nation. Two thumb-serew terminals
on each hook and a 0.302-in. ther-
mometer well are provided.

P&A: $75; 90 days. Hewlett
Packard, 815 14th St. S.W., Love-
land, Colo. Phone: (303) 667-5026.

Circle No. 250

Modular target generator

The LAS-T-2 target generator, a
modular unit, can be incorporated
into existing optical benches. It is
designed for testing lenses and oth-
er components of an optical system
or for use as a basic element of an
automated modulation transfer

104

function analyzer. The generator
produces pure sine wave moire pat-
terns that are controlled by means

of a shaft rotation.
Newtek, 39-25 62nd St., Wood-
side, N. Y. Phone: (212) 335-1424.
Circle No. 251

Field strength meter
covers vhf and uhf

Instantly convertible with the
flip of a switch, the FSM-2 field
strength meter utilizes twin tuning
heads for the 54 to 216 MHz and
470 to 890 MHz bands. Design fea-
tures a broadband stepped RF at-
tenuator and a continuous elec-
tronic attenuator to desensitize the
IF amplifier. A multi-function out-
put indicator can be switched to p-p
or rms reading modes or used to
check power supply voltage setting.

In addition to the 117 Vac line
input, an 18 V battery pack is pro-
vided for operation independent of
power line without adjustment.
Both sources are regulated to 12 V
thus stabilizing against line flue-
tuation or battery degradation. The
regulator circuit is not simply a
zener draining off extra voltage, but
is a true regulator with a' 1.5 V ger-
manium pass transistor. This low
drop increases useful battery life to
a 13.5 V terminal voltage. Current
consumption of 20 mA extends bat-
tery life to about 200 hours of in-
termittent operation. The entire
circuitry is solid state, employing 9
transistors and 7 diodes. The meter
is designed to measure RF signals
at 75 Q impedance, but a vhf/uhf
balun is supplied for 300 Q twin
lead measurements.

The unit may be employed to
compare signals by measuring the
amount of attenuation needed to
produce a zero dB reading for a sec-
ond signal when the attenuators are
adjusted to zero for the first. Other
applications cited include measure-
ment of per cent of sine wave mod-
ulation and measurement of antenna
radiation patterns.

P&A: $395; stock. Blonder-
Tongue Laboratories, Inc., 9 Alling
St., “Newark, N. J. Phone: (201)
622-8151.

Circle No. 252
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(7 CHANNELS, 6 SPEEDS, DIRECT MODE)

The design approach that made possible Sanborn true IRIG insi
mentation performance at lower cost in low bandwidth tape
cording is now available in intermediate band systems.
Models 3917B and 3924B 7- and 14-channel systems r
reproduce data up to 250 ke in direct mode, to 20 ke in FM
Pulse mode enables digital information as short as 2 u
be recorded and reproduced A camplete 6-speed systq:m

for 1} channels. (Same systems may be ordered vnth
speed plug-ins, at correspondmgly lower costs.) ,

These new systems have the same nnprovements m
reliability and operating ease as the lo:
instrumentation tape recordmg w1th eo“

without sacnﬁcmg uniform tape motlon, six el
pushbutton-selected (1% to 60 ips) without idler
Other standard features include provision for edge track f
commentary, adjustable input/out levels, built-in 4-digit
counter accurate to 99.95%, and easy snap-on reel loa
transport needs no maintenance except occasional eleamng of 'thq |
tape path. : 74

Check the system specifications here and call the H-P Fleld Engi—
neer in your locality for complete technical data and applicaﬁgm
engmeermg assistance. Offices in 48 U.S. and Canadian e:tles, g
major areas overseas. Sanborn Division, Hewlett-Packard ( '
pany, Waltham, Massachusetts 02154. Europe: HewletbPack :
S.A., 54 Route des Acacias, Geneva, Switzerland. :

SANBORN b= Hom

representative specifications

DIRECT MODE

Frequency |S/N Ratio |Minimum RMS
Tape Speed | Bandwidth | Response | Filtered | Unfiltered
60 ips  |300-250 KC| =*=3db 35db 29 db
15ips |100-62.5 KC| ==3db 32 db 27 db
300-44 KC 38 db
17 ips | 50-7 KC *3db 30 db 26 db
300-5 KC 39 db

“Measured with bandpass filter at output with an 18
db/octave rolloff

FM MODE

FM Center |S/N Ratio*

Carrier | Without Total
Tape Frequency |Frequency| Flutter |Harmonic
Speed |Bandwidth [ Response |(Nominal) | Comp. |Distortion

60 ips |0-20 KC |40, —1db| 108 KC 45 db 1.5%
15 ips | 0-5 KC +0, —1db| 27.0 KC 45 db 1.5%
174 ips| 0-625 cps |+0, —1db| 3.38 KC 40 db 1.8%

*Noise measured over full bandwidth, min. rms at zero
freq. dev., with lowpass filter placed at output. Filter
has 18 db/octave rolloffs.

TAPE TRANSPORT

Maximum Interchannel Time Displacement Error: ==1 microsec-
ond at 60 IPS, between two adjacent tracks on same head.

Tape Speeds: 60, 30, 15, 742, 3%, 17 ips standard; 0.3 to
120 ips optlonally available.
Tape: 3600 feet, 1.0 mil, 12” (7 channel), 1” (14 channel).

Controls: Line (Power), Stop, Play, Reverse, Forward (fast) and
Record are pushbutton relays. A receptacle at the rear of
the transport is provided for remote control operation.

Drive Speed Accuracy: %.25%.

FLUTTER
Speed Bandwidth Flutter (p-p)
0-200 cps 0.2 %
60 ips 0-10 KC 0.6 %
0-200 cps 0.2 %
30 ips 0-5 KC 0.8 %
0-200 cps 0.25%
15 ips 0-2.5 KC 0.6 %
0-200 cps 0.5 %
7Y ips 0-1.25 KC 0.65%
0-200 cps 0.5 %
3% ips 0-625 cps 0.8 %
0-200 cps 0.8 %
174 ips 0-312 cps 1.2 %

HEWLETT
PACKARD

SANBORN
DIVISION



BANTAM JACK PANELS
offer TWICE

AS MANY

JACKS

~
\\
~
AND SAVE o
~
THIS SPACE ™ _

\\\ :

~ i

Bantam Jack Panels are designed to satisfy the \\J

increasing demand for more compact patchfields in
modern electronicand communication equipment. Bantam
Jack Panels, with miniaturized jacks, provide twice the number
of jacks in a standard size panel. When weight and space are
critical factors, specify Bantam Panels.

Bantam Lites are interchange-
able with Bantam Jacks and are made

for the Bantam Jack Panel. Bantam Lites are

comprised of lamps and caps which are easily replace-

able from the front of the jack panel. Lamp caps are available

in red, green, white or amber colors.

For more information on Bantam Jack Panels, Bantam Lites and accessories write:

ADC PRODUCTS

6405 CAMBRIDGE STREET * MINNEAPOLIS, MINN. 55426

ON READER-SERVICE CARD CIRCLE 38
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L
Waveform synthesizer

With associated plug-ins this
synthesizer can simulate signal
combinations including high-speed
telemetry or nerve pulses. The type
400 is basically a pair of clocked
commutators sequentially switch-
ing 10 current sources into a single
load. The sources are independently
controlled through 20 panel-mount-
ed pots. External or internal clock-
ing may be free run, gated or trig-
gered.

Exact Electronics, 455 S. Second,
Hillsboro, Ore. Phone: (503) 648-
6661.

Circle No. 253

Analf)‘g readout

Designed for use with the Sta-
tham Universal Transducing Cell,
Model UR4 provides all electronics
for excitation, control, signal con-
ditioning and readout. The bat-
tery-operated readout is accurate
to 0.5% full scale. The unit can be
used for measuring force, pres-
sure, weight, linear displacement
and other physical parameters.

P&A: $150; stock. Statham In-
struments, Inc., 12401 W. Olympic
Blvd., Los Angeles, Calif. Phone:
(213) 272-0361.

Circle No. 25}
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The new
Nexus 2LV-1
2.7 volt
operational

amplifier is
VERY
PORTABLE

Developed specifically for use in a wide range of remote and portable, battery-
powered electronic equipment, the new 2LV-1 operational amplifier combines
high reliability, excellent performance, and economical low-power operation.

The miniature, encapsulated unit operates on a supply voltage of 2.7 volts . . .
has a low standby power drain of approximately 4 milliwatts.

Employing all-silicon semiconductors, the 2LV-1 operates over the range from
—25° to +85°C. It is particularly well-suited to use in geophysical, medical,
oceanographic and aerospace instrumentation where low power consumption is
a critical requirement. The unit offers a d.c. open-loop gain of 10,000, with an
output capability of =1.5 v at =1.5 ma.

Reliable and economical operation are important advantages of the 2LV-1.
Two Mallory TR132R mercury batteries provide approximately 1000 hours of
operation. For longer life, four RM-12R mercury cells will provide approximately
4000 hours, or four RM-42R cells may be employed for approximately 15,000
hours of operation. Price, 1-9 $35.

NEXUS

RESEARCH LABORATORY., INC.
480 NEPONSET STREET,CANTON, MASS. 02021
TEL: (617) 828-8000 TWX (617) 828-1022

TYPICAL ELECTRICAL CHARACTERISTICS
(@ 25°C unless noted)

Supply-voltage. . T otiil e St s et oad =+2.7 volts (nom.)
R Supply.cureent (quiescent) . . iss v svinis v e siasiom =+=0.75ma
Output voltage range (RL = 1K). . =1.5v @ 1.?ma
T O T o e P o e e +1.5v
AEos/AT (—25°C to 4-85°C). . . +=5uv/°C
O S e IS =] .0na
Algs/AT (—25°C to +-85°C). . =+0.5na/°C
Ao R ) e Al st Seleaee s o wive sl e
Input Z differential...... .0.2 megohms
Input Z common-mode......ovviuennnennscnnannnnnn 25 megohms

Prices FOB Canton, Massachusetts — Prices Slightly Higher Outside North America
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MOL Resistors

Consistently high

QUALITY

... 1is one of many reasons why every major TV
manufacturer uses Mallory MOL film resistors. Out
of millions made in the past two years, customer
rejections have been practically nil. Reason: auto-
mated production backed by tight quality control.
There are other reasons, too: temperature coefficient
only 250 PPM/°C; proved flame resistance; less
than 5% resistance change after 10,000-hour load-
life tests; high stability in humidity. And prompt
shipment of orders. Write for data and quotation.
Mallory Controls Company, a division of P. R.
Mallory & Co. Inc., Frankfort, Indiana 46041.

ON READER-SERVICE CARD CIRCLE 39
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Waveform eductor

This 100-channel memory analog
averaging instrument extracts re-
petitive waveforms and transients
from noise. The waveform of inter-
est is divided into 100 segments
which are switched through a resis-
tor to the memory capacitors where
the average is obtained and stored.
The continuously observable infor-
mation can be photographed or read
out on an X-Y or strip-chart record-
er. A sweep duration from 100 pus
to 11 s in 5 ranges and readout as
slow as 100 s are available.

The 50 to 60 Hz unit has a =10
Vac output and is rated at 25 W.

Price: $4200. Princeton Applied
Research Corp., P. O. Box 565,
Princeton, N. J. Phone: (609) 799-
1222.

Circle No. 2565

Wide-range gausSmeter

The model 750 is a direct-read-
ing, Hall-effect gaussmeter covering
0.02 gauss to 50 kilogauss in 24
ranges. A built-in power supply for
115/230 V, 50/60 Hz line operation
accompanies internal battery hold-
ers for field work. Adaptability to
a wide range of Hall-effect probes
and direct readout of ac fields to 400
Hz are featured.

P&A: $700; June. Radio Fre-
quency Labs, Inc., Powerville,
Boonton, N. J. Phone: (201) 334-
3100.

Circle No. 256

ON READER-SERVICE CARD CIRCLE 223 >
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RFL Model 212
Direct-Reading
Electrical Thermometer

Measures fast-
will travell...

The Model 212 gives you high-caliber
liquid or gas temperature measurement
with accuracy traceable to NBS. It has
quick-draw response of 2.5 seconds
and a 5-inch, TBS mirror-scale meter
...is loaded with seven temperature
ranges from —100°C to 500°C. Self-
contained flashlight batteries power it.
Carry it in any saddle bag. It’s great for
trail or test table. $530. Complete with
platinum resistance probe.

Model 380S — Di-
rect-reading electri-
cal thermometer
measures liquid and

surface tempera- '
ture from —25 to

Model 380T—You
choose the scale
range on this direct
reading electrical
thermometer for
fast liquid and sur-

-+280°C with one | face temperature
\ probe. Two ..~ measurement.
ranges. Oper- S 9 =" Series D flash-
ates on series B light batteries

8 D flashlight 7 it power it. $245.
Free 30-day trial! Call John Carson == GLatio. f» | Complete with
for complete lowdown on specs or free S\ g’:" plete with sin- | ( piose.
30-day trial—no strings. Or call your >~ gle crystal i

i be. <
nearest RFL Representative listed s

below. Radio Frequency Labs., Inc.

Call your local RFL Representative: Temperature & Control Division / Boonton, New Jersey 07005, U.S.A.

Needham Heights, Mass. Oceanside, New York  Washington, D.C. Cleveland, Ohio Florissinant, Missouri Dallas, Texas Seattle, Washington
Cowperthwait & Brodhead Electronic Equipment  Arco Engineering Company Electro Sales Associates  Hugh Marsiand & Co. Scientific Sales Company Dewar & Associates
617-444-9410 Engineers 202-296-8735 216-486-1140 314-741-3779 214-528-0553 206-722-1724
516-764-3745 Huntsville, Alabama Chicago, Illinois Denver, Colorado N. Hollywood, California
Space Engineering Sales, Inc. Hugh Marsland & Hytronic Measurements, [nc. 0'Halloran Associates

205-536-6811 or 538-2610 Company, Inc. 303-733-3701 213-877-0173

N1 270 1100 =




DO-IT-YOURSELF
MAGNETIC SHIELDS

Cut Quickly—wa
Wrap Easily *

With ordinary scissors, cut flexible Co-Netic and Netic foil to any size or outline.
Your component is quickly wrapped and protected—within seconds. Compo-
nent performance is dramatically enhanced. Co-Netic and Netic foils stop degra-
dation from unpredictable magnetic fields. When grounded, they also shield
electrostatically. Foils are not significantly affected by dropping, vibration or
shock, and do not require periodic annealing. Available in thicknesses from
.002" in rolls 4", 15", and 19-3/8" wide. High attenuation to weight ratio possi-
bilities. Widely used in experimental evaluation and production line operations
for military, commercial and industrial applications.

MAGNETIC SHIELD DIVISION

Perfection Mica Company
1322 N. ELSTON AVENUE, CHICAGO 22, ILLINOIS
ORIGINATORS OF PERMANENTLY EFFECTIVE NETIC CO-NETIC MAG

ON READER-SERVICE CARD CIRCLE 40

Portable military shelters require a
very special kind of interior lighting.
WE MAKE THIS KIND.

v Literature on request
INDI/STRIES.INC. 1528 West 178th Street, Gardena, California

ON READER-SERVICE CARD CIRCLE 41

110

TEST EQUIPMENT

Spectrum analyzers

Two plug-in spectrum analyzers
are available, each featuring a 10
MHz to 15 GHz frequency range.
Model PSA-510 is for use with
Tektronix letter series oscillo-
scopes and model PSA-530 for use
with Hewlett-Packard 140A/141A
scopes. Both are designed for use
with an external swept local oscilla-
tor. They offer scans of 0 to 1 GHz.

P&A: $1250; 30 days. Nelson-
Ross, 505 Burns, Hicksville, N. Y.
Phone: (516) 433-2730.

Circle No. 257

RF probe

Noise in the 20 to 30 MHz fre-
quency range is detected and
measured by this probe. A broad-
band, TRF amplifier, it weighs un-
der 5 lbs, including carrying case.
The probe consists of a pick-up de-
vice, radio frequency and audio
amplifiers, earphones, rechargeable
batteries and cabling.

P&A: $695; 60 days. Honeywell
Inc., Aeronautical Div., 2600 Ridg-
way Rd., Minneapolis. Phone:
(612) 331-4141.

Circle No. 258

ELECTRONIC DESIGN



ATTACK INDIVIDUAL MISTAKES
6RO DEFECTS PROGRAM

at Hi-Q we still make the usual
garden variety ceramic capacitors

The way things move in electronics, we expect to have to
develop a third generation any day now. But in the mean-
time, everyday sees a new and different application of the
unusual qualities of CERALAM. Sometimes it's used because
its unique, densely stacked structure duplicates the reli-
ability of solid-state devices. Sometimes because it can be
“‘cut’” to any configuration that will make your packaging
simpler. And sometimes because it offers a higher capacity-
to-volume ratio than anything else.

Of course CERALAM is just one of the outstanding state-
of-the-art advances that have originated in a need created
by our inquiring technology, and been achieved in the fertile
imaginations of engineers at Hi-Q. And what's equally im-
portant is that Hi-Q turns these unique developments into

April 12, 1966

production realities, even coping with the seemingly impos-
sible demands for reliability found in missile and space
vehicle applications.

Of course, our garden variety ceramic capacitors are still
the finest available for radio, TV or similar applications.

Or let us know what you need and we’ll develop that third
generation right away.

AEROVOX

CORPORATION
OLEAN, NEW YORK
MYRTLE BEACH
SOUTH CAROLINA

DIVISION

Selected commercial and military Hi-Q products are available off-the-shelf from Authorized Aerovox Distribulors
ON READER-SERVICE CARD CIRCLE 42
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Dc voltage calibrator Model 325 calibrator is suitable
for applications where a dc source
with output-voltage accuracy within
0.02% at currents up to 25 mA are
required. Output voltage is from 0
o #=1111.110 V at maximum over-
range, and is selected by a range
multiplier dial and a six-place dec-
ade dial group. Noise and hum are
under 100 pVrms.

P&A: $995; stock. Cohu Elec-
tronics, Box 623, San Diego, Calif.
Phone: (914) 277-6700.

Circle No. 259

Fidelity test set

A single measure of perform-
R F I E M I FI I I E R s ance of a transmission line, net-
work, or component over the voice

FOR COMMUNICATIONS AND DATA LINES SHECLIA S Ly e DT oo T

Fidelity Test Set. The measure-
ment is a peak to average ratio-
reading, an outgrowth of the “eye
ratio” pattern used to indicate line
quality for digital data. A perfect
reproduction reading is 100%.
P&A: $890; 2 weeks. Wiltron,
930 East Meadow, Palo Alto, Calif.
Phone: (415) 321-7428.
Circle No. 260

Reliability is the key word in literally thousands of filters currently
in use on telephone, teletype, digital and audio transmission
lines. m Your requirements for custom filter designs as well as
standard products, can be met by Potter’s extensive engineering
capability and high performance criteria.

A B
P
a
100
- S0
O 3| TYPICAL PASS BAND — ¢ © 8o
z INSERTION LOSS Z 70 /
z MEASURED IN 600 OHM SYSTEM Z 60 o
O > o 50 / INSERTION LOSS
= = PER MIL STD 220
< x / Rosette calculator
z 30
w -
:.‘:‘1 E 20 Said to be the only product of
5 < ‘ ]
- lg its type on the market, this rosette
P
7 o neas s ealonls it
100CPS 1000 CPS 5/KC 10KC 10KC 50KC 100KC 1000 MC (‘}lCUI‘ltm presents Cd]tu.]‘l‘wd data
CHEGUERCY N GRS FREQUENCY directly on hard copy. Direct read-
_ ) out of test data in engineering
GraphsAandBshow‘typlcalcharactenshcsof Potter s.lgne'll line filters. Thesgflltersare units is supplied while the tests
used on systems which must meet Defense Communications Agency criteria and pro- are in progress. The unit adds,

vide maximum attenuation above the pass band with less than % db attenuation in the

. : ; subtracts, iplies ivides dat:
pass band. m Write for further information on these and other Potter filters. 5 acts, multiplies, divides data

and extracts square roots.
P&A: about $45,000; 90 days.
THE POTTER COMPANY B&F Inst.l'uments_, 3644 N. Law-
. 3 { X : : = rence, Philadelphia. Phone: (215)
Pioneering in Imagination Since 7925 425-4175
7351 North Lawndale Avenue ® Skokie, lllinols
ON READER-SERVICE CARD CIRCLE 43
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Power controller

The model SCR-P is a 25-kVa
SCR power controller for use in
vacuum deposition systems. Instan-
taneous power adjustments are fea-
tured to maintain constant rates of
deposition for filament, electron
beam or RF power control. Control
requirements are 0 to 9 Vde for 0 to
100% line voltage. The SCR-P is
also available in 2.5 and 7.5 kVa
models.

Sloan Instruments Corp., P. O.
Box 4608, Santa Barbara, Calif.
Phone: (805) 963-4431.

Circle No. 340

Thermometer bridge

Use with a wider range of
probes than other units is reported
for model 2550 universal resist-
ance bridge. It can be used with
all base and precious metal probes
which employ 2-, 3- or 4-terminal
configurations. The unit can also be
operated as either a Mueller or
Callander-Griffiths type bridge.
Range is 0 to 1111.11 Q.

Radio Frequency Laboratories,
Inc.,, Powerville, Boonton, N. J.
Phone: (201) 334-3100.

Circle No. 341

<€ ON READER-SERVICE CARD CIRCLE 235

NYLON CUP
WASHER FILLERS

Employed as insurance
against damage, these
quality fillers are molded
from high strength Polya-
mide (nylon) and guarantee
chip and crack free panel
installation.

Available in Nos. 6, 8, 10
and 12 screw sizes.

NH 11311
-1 or -2

CATALOG SERIES — NWF I

Many other heat sink, trans-
istor pad and specialty items
not shown are available.

Write for additional informa-
tion.

NYLON
TRANSISTOR PADS

Precision molded from Zytel
101 (MIL-P-20693), these
pads provide an economical
insulater and thermal bar-
rier with high dielectric
strength. Resist continuous

exposure to 135° C.
CATALOG SERIES — TPN @

elbert

today's highly competitive market.

THE DELBERT BLINN CO.

HEAT SINK
MOUNTING
INSULATOR

Delbert Blinn mounting in-
sulators are precision mold-
ed of Microlon **202"" and
provide a practical, compact
and economical method for
mounting and insulating all
standard heat sinks.

These insuviators are capa-
ble of continuous operation

to 175° C. and have a di-
electric strength of 340
V/MIL.

CATALOG SERIES — HSM

HEAT SINK
DISSIPATORS
Efficiency, light weight and

y are incorp d
in a complete line of pro-
fessionally engineered heat
sinks available in a variety
of sizes and shapes. Materi-
al: Aluminum 6063-T5 al-
loy, mill finish. Lengths to
5 ft. available. (Serrations--
US. Pat. No. 3163207).
Can be cut, drilled, ano-
dized or painted to your
specifications.

CATALOG SERIES — AHS

When custom designs or modifications o