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Will electric cars come back?
Noiseless and fumeless electrics
may answer the urgent pleas of
urban ears and nostrils. Unlike
this 1908 Kimball Electric, the
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new cars can sport a silver-zinc
battery and solid-state controls.
But do not scrap your present
gasoline car until you read the
timely analysis starting on p.17.
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Gold-plated components
conduct better,

solder easier,

reflect heat,

and resist wear,
corrosion,

oxidation,

galling.

Now let us give you the details.

The details are in our comprehensive reference guide—a voluminous encyclopedia
of precious metal electroplating processes. Here you'll find charts, graphs, technical
papers, magazine articles. A compendium of today’s most advanced knowledge of
gold-plating—the facts that have put gold into computers, communications

equipment, jet aircraft, missiles, space probes. Write for your copy of i .
“Gold Electroplating Processes.” @

Sel-Rex Corporation, Dept. A-5,75 River Road, Nutley, N.J., 07110.
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the 34594 from Hewlett-Packard u SE

high accuracy

high common mode rejection
constant A/gh input impedance
high resolution

pushbutton convenience

All these performance characteristics make the hp
3459A the ideal digital voltmeter for your bench use.

It gives you 5-digit (100 uv resolution) readout,
for measurements 10 V to 1000 V full scale, 3 ranges,
with standards lab accuracy (0.008%), 20% over-
ranging with a sixth digit, readings from 2/second
to 1/5 seconds.

A unigue combination of integrating and potentio-
metric techniques gives you effective common mode
rejection better than 150 db at all frequencies, 120%
of full-scale superimposed noise can be tolerated.

Ranging is automatic or manual by pushbutton
selection, depending on your bench task. Solid-state
design insures reliability. Display storage gives you

a non-blinking readout. BCD output is optional.

Here's a bench DVM, easy to use, dependable, with
best available performance...at a price that makes
sense for your application: $2850.

Ask your Hewlett-Packard field engineer for a
demonstration. Or write for complete specifications:
Hewlett-Packard, Palo Alto, Calif. 94304, Tel. (415)
326-7000; Europe: 54 Route des Acacias, Geneva.
Data subject to change without notice. Price f.o.b. factory.

HEWLETT .hp, PACKARD

An extra measure of quality
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Simulated enemies are available in
a compact package labeled the
RUTHERFORD S1 Dynamic Range
Simulator. It is the most accurate,
reliable, stable video target simulator
ever developed. With it you can eval-
uate, check, and calibrate range,
range rate, target tracking, and track-
ing memory of the most sophisticated
weapons control and tracking sys-
tems. Forget the limitations and
problems built into old-fashioned
analog simulators.

Check these parameters: Target
Range in one-foot increments from
0 to 1 million feet. Target Velocity

from 0 to 100,000 ft/sec in 0.1 ft/
sec increments. Target Acceleration
from O to 10,000 ft/sec/sec with
0.01 ft/sec/sec resolution. Check all
the specs. They meet or exceed the
rigid performance requirements of
any known weapons control system
or tracking system used for air traffic

control, satellite surveillance, etc.

The Rutherford S1 is an example of

Rutherford

the advanced design that has estab-
lished Rutherford as the leader in
pulse and time delay instrumenta-
tion. Other sophisticated instruments
will soon be developed by the new
CMC/Rutherford team. Our intent is
to give you a wide range of instru-
ments that are always the best
quality and best buy.

So join the Rutherford Rampage
(a division of the CMC Crusade)and
write today for the complete specs
on the S1. Learn how you can earn
your own glorious Crusading Engin-
eers medal with special Rutherford
stripe. You'll look so handsome!

12973 Bradley + San Fernando,California « Phone (213) 772-6321 » TWX 213.647-5170

THE RUTHERFORD DIVISION OF CMC IS A LEADING DESIGNER AND MANUFACTURER OF PULSE GENERATORS, TIME DELAY GENERATORS, AND DYNAMIC RANGE SIMULATORS.
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Electro Instruments,

Now, Honeywell offers one of the broadest mstrumentatlon

Electro Instruments, Inc. of San Diego, California, a pioneer and
leader in the field of digital instrumentation
-#1and X-Y recorders, and Electro International,
J Inc. of Annapolis, Maryland, specialists

. . . . - HONEYWELL VISICORDER
* in the field of radio frequency engineering, OSCILLOGRAPHS

L 4 e ’ *

El AC-DC VOLTMETERS have joined Honeywell’'s Denver operation to form the new, ex-
panded Test Instruments Division.
New convenience for you is an important result of this association — virtually one-

laboratory potentiometers to data loggers
and magnetic tape systems. From Honey-

well-pioneered
VISICorder recordlng El DIGITAL DATA LOGGERS
oscillographs to automatic spectrum ana-

El DIGITAL VOLTMETERS

lyzers. Now one man can handle every-
thing — specifications, ordering, arrange-

HONEYWELL ANALOG AND
DIGITAL TAPE SYSTEMS

ELECTRONIC DESIGN



Inc. joins Honeywell!

Imes avallable—fully backed by unmatched service.

— ments for installation of a single instrument or a complete

system, and provision for regular maintenance by trained
Honeywell technicians

HONEYWELL HIGH-VOLTAGE
CALIBRATORS newly-expanded product line,

contact your Honeywell Representative. He'll show you the

great products from Electro Instruments, plus some brand new
ones from Honeywell. Or, if you're a long-standing El customer,
get in touch with the EI man who's been calling on you — he’s

L : i a Honeywell man now and he’ll show
g 3 ﬁ?@ % {4 vyou lots of new things! For up-to-

: A the-minute condensed full-line
catalogs on Test Instruments Division
products, including both Honeywell

HONEYWELL POTENTIOMETERS and El, and a Iisting of Honeywell
sales offices, please mail the coupon below.

HONEYWELL SPECTRUM
ANALYZERS
WITH El X-Y RECORDERS

Alan Dallas

Mail Station 414

5y . Honeywell Test Instruments Div.
Denver, Colorado 80217

000000 ( 3 3 Please send Honeywell and El catalogs and sales office listing to: H

NAME
COMPANY
ADDRESS

BONEYWELL DATA
P e

nlID HSTRIS

=Y STATE ZIP.

DATA HANDLING SYSTEMS

Honeywell
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Call your local Weston Distributor
~ for additional information. He

stocks the complete Weston line,
has what you need, and is
primed for fast delivery!

New VOM sits up
SO you can sit down

Put an end to the stoop and squint routine—use the VOM

that gives you real legibility with 54" scale and refractive plastic
scale overlay for parallax-free readings. New Weston Model 80
VOM permits you to reverse polarity even under load, provides

a single switch for controlling functions and range, and gives
you both fuses and diode overload protection. Matching family
of multi-function test instruments also available.

ACCURACY: 1% dc, 1.5% ac. DC Volts: 0.25v to 5Kv in ten steps
@ 20K ohms/volt. AC Volts: 2.5v to 5Kv in seven steps @ 5K
ohms/volt. DC Current: 50ua to 10 amps in six steps. Five
Ohmmeter Ranges: 2K to 20 meg full scale; 20 to 200K center
scale. DB Scale: —10 to +10 db.

Ask for the portable Model 80, or the convenient rack-mounted
version, MODEL 80R, for 19” relay rack panel installation.

Contact your Weston Distributor, or Weston Instruments,
Inc., Newark Division, Newark, N.J. 07114

WESTO N®prime source for precision. .. since 1888

ON READER-SERVICE CARD CIRCLE 5
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Now— Bourns Gives You a Complete Choice

Of 7/8" Precision Potentiometers

Take your pick from the industry's finest, most extensive
73 ”-diameter precision potentiometer line:

BUSHING MOUNT SERVO MOUNT

Model 3500, 10-turn Model 3550, 10-turn
Model 3507, commercial 10-turn Model 3560, 3-turn
Model 3510, 3-turn Model 3570, 5-turn
Model 3520, 5-turn Model 3580, single-turn”
Model 3530, single-turn

*Meets all requirements of MIL-R-12934C; can be ordered by Bourns model number
or by MIL-Spec designation RR09.

In quantity and quality, this line is unmatched. Exclusive

#3510

SILVERWELD® multi-wire termination eliminates the chief
cause of potentiometer failure. All-sealed construction
insures MIL-Spec humidity performance (cycling and steady
state). One hundred per cent inspection and the double-check
follow-through of the Bourns Reliability Assurance Program
are your final quality guarantees.

No matter what your requirements in precision potentiom-
eters, you will find the answer at Bourns—the complete
source. Write for technical data on our entire line of bushing-
and servo-mount models, KNOBPOT® potentiometers, and
turns-counting dials.

BOURNS, INC., TRIMPOT DIVISION

1200 COLUMBIA AVE. RIVERSIDE., CALIF.
PHONE 684-1700 . TWX: 714-682 9582
CABLE: BOURNSINC. %

MANUFACTURER: TRIMPOT® & PRECISION POTENTIOMETERS, RELAYS; TRANSDUCERS FOR PRESSURE, POSITION, ACCELERATION. PLANTS: RIVERSIDE, CALIFORNIA; AMES, I0WA; TORONTO. CANADA




From the expanding line of Sigma relays...

New 2,4 and 6 pole relays you

Here’s today’s closest approach to a “universal”
relay—the new Sigma Series 62. These versatile,
miniature relays are being used in more than
1,001 applications. Ranging from communications
equipment, data processing equipment and meas-
uring instruments to process controls, recording
devices, alarm systems and many more.

"Order them off-the-shelf.

You get both electrical and mechanical versa-
tility in the new Series 62 relays. They are avail-
able in 2, 4 and 6 pole versions for lower cost
switching of multiple circuits. Installation is fast
and simple with solder-terminal or printed-circuit-
terminal sockets designed to provide maximum
space for easy soldering:

ELECTRONIC DESIGN



can use in 1,001 applications.

The new Series 62 exhibits excellent electrical
and mechanical stability at low-level to 2 amp
loads. It has an exceptionally long mechanical life
of 100 million operations minimum. Each relay-is
available in all popular coil voltages.

There are more features you’ll want to check-
out in these new Series 62 “universal” relays. Your

Sigma representative or distributor will be glad to
help you.

Free Catalog: Contact Sigma direct. We'll send
you our new T6-page Sigma Preferred Standard
and Stock Relay Catalog and an up-to-date stock
listing to help you select the relays immediately
available in quantity.

SIGMA DIVISION c SIGMA INSTRUMENTS lNC

Assured Reliability With Advanced Design / Braintree, Mass. 02185

Sigma's line of over 100,000 relays inciudes Sensitive, Hign Performance, Pulse and Telegraph, General Purpose, Power, and Special Purpose types,

May 24, 1966
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All from Sprague!

TWELVE OF OUR MOST POPULAR METALLIZED CAPACITOR TYPES

Case And 5 g Temperature Military Engineering
SPRAGUE TYPE Configuration Dielectric Range Equivalent Bulletin
hermetically-sealed ; s e no
=3 680P hermetically-sealed | metalized Metfim*'A'| —85C, +-85¢ | 0 2650
film-wrapped metallized Metfilm* ‘E"} __ no
\Q\ 431P axial-lead tubular (polyester film) g specification 2445
S molded phenolic : no
\€ = 155P, ISBP axial-lead tubular metallized paper —40C, +85C specification 2030
S5 : hermetically-sealed | metallized Metfilm* ‘E'} CHO8, CHO9
21 8P metal-clad tubular (polyester film) 55€, +105C Characteristic R 2450A
== hermetically-sealed metallized Metfilm* ‘K’ | __ no
§() ZBOP metal-clad tubular (polycarbonate film) 95 L iR specification 2705
== hermetically-sealed : o no
§(‘ 121 P metal-clad tubular meteiaad poe: e specification 240
; tallized Difilm®
hermetically-sealed me ’ S5 CHO8, CHO9
"8P metal-clad tubular (p:;;ae;tae;efrl)lm e, e Characteristic N s
= 143P i tallized 55, 4-125C o 22200
metal-cla metallized paper —55C, ificati
PSS “bathtub” case specification
S & hermetically-sealed metallized Difilm®
& . CH53, CH54, CH55
metal-clad (polyester film —55C, +125C : Ty 2221A
< ]44P “bathtub” case and paper) Characteristic N
hermetically-sealed
ﬁ“’::%i 284P o metallized paper | —55C, +105C | specification 22
~E~—4 hermetically-sealed metallized Difilm®
e 2 P metal-clad (polyester film —55C, }+125C CH72 2223
83 rectangular case and paper) Characteristic N
Z 282P drawn metal case, R 0% ant no 21t
@ =3 ceramic metallized paper i g
lq (energy storage) pillar terminals $nes feation

For additional information, write Technical Literature Service, Sprague Electric Company, 347 Marshall St.,
North Adams, Massachusetts 01247, indicating the engineering bulletins in which you are interested.

*Trademark

SPRAGUE COMPONENTS ®
CAPACITORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS s p n n G U E
TRANSISTORS INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES
RESISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES

ILITYy

INTEGRATED CIRCUITS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE MARK OF RELIAB
THIN-FILM MICROCIRCUITS ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS

4SC-5108 "Sprague’ and (T are registered trademarks of the Sprague Electric Co
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Research revives interest in electric cars race 17

Panel argues thin films versus thick films race 24

Simple optical radar has advantages over laser-type systems race 26
New facsimile system sends pictures by telephone race 32

Ir)

High power luggage. . .17 Flip your chip. . .24

—

Missiles home on mirror. . .23
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79 TRUE METAL-FILM
. PRECISION RESISTOR

Save Space, Time, and Money

® High packaging density—4 to 8 times that
of individual components.

® Fewer components to stock, handle, inspect,
install. Entire module can be hand-inserted
faster than one axial-lead component.

® Permit substantial savings over equipment
assembled with individual components.

® Epoxy terminal board keeps pin terminals
free of resin coating, unlike conventional dipped
components, and provides uniform lead spacing.

@ Stand-off bosses permit efficient flux removal
after soldering. Also prevent dirt and moisture
traps around leads.

SPRAGUE COMPONENTS

PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS

Extremely stable and reliable. Meet perform-
ance requirements of MIL-R-10509E. Resistance
tolerances to *=1%.

Ceramic capacitors can be incorporated for
further savings and size advantages over indi-
vidual components

For complete information write to
Integrated Circuit Application Engineering Dept.,
Sprague Electric Company, 347 Marshall St.,
North Adams, Massachusetts 01248

CAPACITORS INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES

RESISTORS
TRANSISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES

Y
INTEGRATED CIRCUITS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE MARK OF RELIABILIT
THIN-FILM MICROCIRCUITS ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS

12

‘Sprague’ and '@' are registered trademarks of the Sprague Electric Co
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Quartz crystal passes narrow band

A single quartz crystal with two electrodes
can replace a crystal filter that contains
two crystals, two hybrid transformers,
four variable capacitors and all its
wiring or printed circuit board.

Developed by Roger Sykes and William Beaver
of Bell Labs at Allentown, Pa., the new single
crystal filter can be made to pass a bandwidth of
0.1% of its center frequency. Its center
frequency can be anywhere from one to 150 MHz.

A high-frequency crystal is usually supported
by two leads soldered to plated electrodes

at the center of the round crystal. It then
resonates at one sharply defined frequency.
The new crystal is supported at its edge by
four leads. These attach to two pairs of
electrodes that are deposited gold films.

The crystal still has a single fundamental
frequency. But when the two pairs of
electrodes are properly placed on its surface
and connected, the crystal resonates at two
different frequencies—one just above and one
just below the crystal’s fundamental frequency.
These two frequencies determine the upper

and lower cutoff of the filter. Sykes and Beaver
have found that the filter’s characteristics can
be altered by adding even more electrodes.

Experts probe computerized design

Circuit design by computer is a reality
but it still has a lot of growing to do.
That’s the impression conveyed by a well
attended conference on computer-aided
solid-state circuit design held at the
University of Wisconsin on May 3-4.

Three of the more significant points
made by the conference speakers were:

= Experts are still looking for a really
universal transistor model that can be
stored in a computer and made to funetion
in any application merely by tabulating
information on changes in parameter values.

= Experts differ in opinion on what
mathematical techniques are most suitable
for computerized circuit design. Matrix
methods are said to be systematic and

May 24, 1966

News
Report

within the capability of just about every
existing computing center. Proponents

of topological techniques maintain that
their approach is more straightforward than
matrix methods and provides the designer
with greater insight into a circuit’s
operation. In time, both techniques should
find their most effective application.

= All agree that more exchange of information
is needed between those actually involved in
computer-aided design to avoid duplication of
effort and exploit advances to the maximum.

Computers have already been used to
help design circuits, but much remains
to be done to simplify engineer-computer
dialogue before they’ll become an

everyday tool of the circuit designer.

Is this equality?

As the plant whistle blows for quitting
time, a voice says over the loudspeaker:
“All male employees who desire, please stay
and work two hours’ overtime at premium
pay. All female employees please leave.”
Farfetched? Not if the plant is in California,
which has a state law that prohibits women
from working more than eight hours a day.

This law is now under fire from the
Western Electronic Manufacturer’s Association.
WEMA spokesman Daniel E. Foster says:
“Rather than protecting women, the hours
law arbitrarily declares them to be unequal to
men, deprives them of opportunities to earn
premium pay, and—most important—

limits their opportunities to positions

of progressively greater employment.”

The law is mostly a hindrance, Foster
adds, in those sporadic, unforeseeable
situations where operations are impaired
because the ladies must leave the job at
quitting time. Then, if the employer asks
only male employees to stay on the job, he is
put in the position of disobeying federal law,
which states that it is “an unlawful
employment practice” to deny women the same
chance to earn premium pay as men.

Besides WEMA, the California Conference
of Employer Associations and the



News
nenorl CONTINUED

California Manufacturers’ Association are
supporting either repeal or substantial
modification of the women’s eight-hour law.

Advanced programs slated by Douglas

The term “way out” well describes the
research projects to be carried out at Douglas
Aircraft’s new Advanced Research Laboratory
in Huntington Beach, Calif. Among the
programs planned for the center are:

m A target signatures program in which the
nature of animal sonar systems will be studied.

= An empirical epistemological study which may
lead to a fully automated, unmanned spacecraft
that makes “judgments” rather than follows a
pre-programed or on-command schedule.

= Fundamental studies of crystals, including
crystal growth, magnetic resonance phenomena,
lattice dynamics, surface physics and
solid-state kinetics, which may lead to
development of new electronic devices.

m A general relativity program that will attempt
to develop a unified-field theory in which both
electro-magnetics and gravitation can be
described within the same geometrical
framework.

U.S. lagging in international standards

“U.S. electronics producers must work to
amplify the voice of their industry in
international standardization endeavors or
endure the consequence of dwindling markets
abroad.” So said Dr. Leon Podolsky, technical
assistant to the president, Sprague Electric,

at the recent Electronic Components Conference.

According to Dr. Podolsky, the electronics
industry has increased its foreign trade in
recent years faster than any other industry.
But, he declared, ‘“as our companies strive
to compete more in foreign markets,

they find that one of the strongest barriers
to trade has nothing to do with tariffs,
freight rates, money exchange rates, or
interest—but rather with the inability to have
our goods accepted because they don’t meet
the performance, test, size or safety
standards of the customer overseas.”

To remedy the situation, Dr. Podolsky

called for expanded participation by U.S.
electronic firms in the work of the International
Electrotechnical Commission, a 40-member
group for promulgation of international
standards. This can be done, said Dr. Podolsky,

14

through more company-supplied delegates to the
commission, a firmer basis for industry- and
government-financial support, enactment

of legislation and establishment of a new federal
program to expand the U.S. role, and more
volunteers for “expert committees” working in
particular areas of electronic standardization.

A 1-GHz microcircuit amplifier for use in
military field communications equipment
is now under development at Fairchild
Semiconductor. The 12-month development
program is being sponsored by the

U.S. Army Electronics Command.

Basic inventions in the field of holography
will be develoned by a new corporation formed
by Scientific Advances, Inc., and the Du Pont
Company. The new company, to be known as
the Holotron Corporation, holds exclusive
rights to inventions growing out of research on
holography at the University of Michigan
and at the Columbus and Pacific Northwest
Laboratories of Battelle Memorial Institute.

The Society of Women Engineers has been
cited in “Who’s Who in America” for
outstanding gifts to education in America.
The citation noted: “The 700 members of the
organization have given liberally of their time
and limited resources to establish scholarships
and awards, hold conferences and publish
brochures to the end that other young women
may be made aware of the opportunities
that exist in this (engineering) field.”

To keep pace with the booming semiconductor
industry, Dow Corning Corp. is planning
an $8 million expansion of its silicon
production facility at Hemlock, Mich.
According to Dr. Earl L. Warrick, General
Manager of Dow Corning’s Electronic
Products Division, increased use of silicon

in microcircuits, computer components and
silicon controlled rectifiers is responsible for
much of the increased demand for silicon.

A space rescue system may become a reality,
as a result of the tenuous recovery of Gemini-8
on March 16. Within a few months NASA

is expected to issue requests to industry

for outlines of possible emergencies that
astronauts can conceivably encounter during -
a mission and their possible solutions. Though
there are no funds now available for this
possible program, NASA is hoping that
existing vehicles could be used for rescue
purposes. This would provide for cutting of
both cost and time from any proposed system
design.

ON READER-SERVICE CARD CIRCLE 213 >



Boeing wants it that way. One Microstack
provides permanent nondestructive
memory for operating instructions and
data words with a design reliability goal
of 100,000 hours MTBF. The other pro-
vides a temporary memory for incoming
and outgoing messages with a design
reliability goal of 5,000,000 hours MTBF.

One of the reasons Boeing uses Micro-
stacks is their unique design. A folded-
array originated by Indiana General. The

“X'"and Y axis of all the memory planes
are continuously wired. This reduces sol-
der connections 80%, greatly increasing
reliability as well as cutting size and
weight. This folded-array is specially-
packaged to meet Mil. Spec. tempera-
ture, humidity, shock and vibration, and
extreme environment requirements.
Another reason was our ability to de-
velop cores to Boeing’s specifications.
We invented the ferrite memory core and

make andsell more of them than anyone.
Our facilities for developing and produc-
ing cores and stacks are second to none.
If you need Mil. Spec. type memory
units find out about Microstacks and
our core capabilities. Write Mr. Thomas
Loucas, Manager of Sales, Indiana Gen-
eral Corporation, Electronics Division/
Memory Products, Keasbey, N. J.

INDIANA GENERAL K==3

There are two Microstack” memory units
in Minuteman Il. One remembers. The other forgets.

©1966, The Indiana General Corporation



The PAR WAVEFORM EDUCTOR ex-
tracts repetitive waveforms or tran-
sients from noise.
Experimental information in the form
of repetitive waveforms can best be
extracted from noisy signal channels
by obtaining the cross-correlation
function of the waveform-plus-noise
with a train of delta-functions having
the same repetition rate. The cross-
correlation function will be the wave-
form of interest, noise having aver-
aged to zero. Approximations of this
operation may be performed digitally,
but generally there are drawbacks in
time efficiency, speed, and expense.
The PAR TDH-9 WAVEFORM EDUC-
TOR is an analog averaging instrument
having one hundred channels of ca-
pacitor memory. The cross-correlation
approximation is obtained by dividing
that part of the input waveform of in-
terest into one hundred segments.
These are switched sequentially and
synchronously through a resistor to
the memory capacitors where the av-
erage is obtained and stored. The in-
formation in the memory bank is con-
tinuously observable on a monitor
scope and the average can finally be
photographed or read out on an X-Y
or strip-chart recorder. The TDH-9
has the advantages of speed, effi-
ciency, and low price.

16

MODEL TDH-9

R Wavelorm

WAVEFORM EDUCTOR
. hoonons :
5 TRIGGER

MADAL

SPECIFICATIONS

Resolution: 100 channels. Output
smoothing provides continuous output
waveform rather than “stairstep.”

Sweep Duration: Continuously adjust-
able from 100 xS to 11 Sec in five
ranges. (Dwell time/channel: 1 xS to
110 mS.)

Characteristic Time Constants: 5 Sec
to 100 Sec in 1-2-5 sequence. The
characteristic time constant is that
time constant with which the output
waveform responds to changes in the
input waveform. Because the stored
waveform is held during the time be-
tween sweeps, the observed time con-
stant can be larger than the setting of
the Characteristic Time Constant
Switch.

Sweep Delay: A delay of 10 xS to 11
Sec can be inserted between receipt
of trigger pulse and initiation of
sweep.

Output: Full scale is =10 volts, cap-
able of driving oscilloscopes, X-Y re-
corders, and strip chart recorders.
Readout can be as slow as 100 Sec
(dwell time/channel 1 Sec).

Dynamic Range: Noise and interfer-
ence five times the full-scale input
will not cause overload. Output noise

ON READER-SERVICE CARD CIRCLE 8
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with shorted input for most combina-
tions of Sweep Duration and Charac-
teristic Time Constant is below 0.2%
of full scale.
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Electric car makers preparing to

Research revives interest in auto, but its usefulness
still hinges on a new power source.

Roger Kenneth Field
News Editor

Researchers in the electronic and
automobile industries, seeking a car
that will be cheap, noiseless and
fumeless, are hoping to turn many
radiator caps into paperweights.

Why ? Because recent advances in
batteries and fuel cells, as well as
cheaper solid-state control devices,
have brought design engineers al-
most within reach of a marketable
electric automobile. Expectations of
how soon the goal may be achieved
range from a couple years to a dec-

A Henney Kilowatt charges its batter-
ies while Morrison McMullan works
in his office at the Exide Battery Co.
Its batteries last 4-1/2 years.

May 24, 1966

ade. But once the anticipated pow-
er-source breakthroughs occur, elec-
tric cars may rapidly take over a
significant portion of the billion-
dollar automobile industry.

Evidence of renewed activity is
apparent in these developments:

® General Motors Lab, Warren,
Mich., is experimenting with bat-
tery-powered passenger cars. Pub-
licly the company answers ‘“no com-
ment” to all inquiries, but accord-
ing to a reliable source, it has in-
stalled a 50-horsepower electric mo-
tor in a Corvair. The car is said to
have reached a speed of 80 mph,
powered by 500 pounds of recharge-
able silver-zinc batteries.

m Westinghouse, Pittsburgh, has
clear intentions of manufacturing
several small electric autos for town
use. Having recently purchased a
firm making electric golf carts and
industrial trucks, Westinghouse is
now conducting extensive market

Michel Yardney, president of Yardney Electric Corp., thinks it may be some

rally

surveys on what might be the most
advantageous design for a two- to
four-passenger electric auto.

® General Dynamics is working
to perfect a zinc-air (yes—air) bat-
tery specifically for use in electric
vehicles. The firm’s General Atomic
Division in San Diego, Calif., is
presently putting together a proto-
type that will deliver 32 kW. A one-
kW unit has already been success-
fully built.

® An English firm, Telearchics,
Ltd., has just completed a prototype
small three-wheeled electric auto,
called the Winn City Car, after its
inventor Russell E. Winn. Because
it has front-wheel drive and its
rear wheels are weighted down by
batteries, the car can make a right-
angle turn at its 40-mph top speed.
Winn indicates that he plans to put
the car into production.

® The Exide Battery Co., Phila-
delphia, has purchased a substantial
interest in Battronics, Inc., a local
manufacturer of electric trucks, and
is currently negotiating to take a

J

while before a driver can recharge the batteries of his electric auto by plugging
into any wayside tree. Yardney has a novel idea for financing the cost of

buying expensive silver-zinc cells.
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half share in the firm.

Why all this interest in an all but
abandoned propulsion system ? Some
reasons are new, some date back
half a century.

The early competition

In the early 1900’s vehicles were
powered about equally by electrici-
ty, gasoline or steam. The steam
cars were fast but dangerous; a
popular saying had it that “no liv-
ing man ever ran a Stanley Steamer
to full throttle.” And the driver had
to wait five or ten minutes after
starting up to build up pressure.
The early gasoline cars were noisy,
smelly and undependable.

The electric car, on the other
hand, was clean, extremely quiet
and almost maintenance-free. It
was also exceptionally dependable—
so dependable, indeed, that it be-
came the almost unanimous choice
of transportation for doctors. But
usually it was slow and could go
only a few score miles on each full
battery charge.

Rural America needed inexpen-
sive transport that would not quit
after a mere hour or two. An in-
dustrialist named Henry Ford de-
livered precisely what was wanted:
the Model “T”. Simultaneously he
delivered a near fatal blow that has
reduced the electric car to little
more than a curiosity for some fifty
years. Though the electrie car’s con-
trols and motor left room for im-
provement, its most serious short-
coming was its batteries.

Batteries: The crux of the problem

The speed and range of an elec-
tric car are, as a rule of thumb, in-
versely proportional to its weight.
But its batteries are so very heavy
that they represent a considerable
part of the auto’s total weight. Ex-
perience has shown that once the
weight of the batteries reaches 45
per cent of the auto’s over-all
weight, no additional speed or mile-
age can be obtained by adding any
more storage cells. Therefore the
only way to improve the car’s per-
formance is to use batteries with an
extremely high energy-to-weight
ratio.

Two battery companies have put
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rate pulses to control a compound motor.

their product into a modern electric
car. It is called the Henney Kilo-
watt. This is a Renault Dauphine
that has been converted to electrici-
ty by the Henney Motor Co., a divi-
sion of National Union Electric of
Bloomington, Ill. As original equip-
ment, Henney supplied twelve 6-volt
lead-acid batteries to power the Kil-
owatt’s General Electric series-
wound de¢ motor. An Exide execu-
tive, Morrison McMullan, Jr., has
been driving a Henney Kilowatt to
and from work. It will hit 43 mph
on level ground, but becomes slug-
gish on hills. In part, this is because
the little car carries 900 pounds of
Exide lead-acid batteries. But with
only 300 pounds of Yardney silver-
zinc batteries, a Kilowatt has lots
of pep, even with four persons on
board. The car with silver-zinc bat-
teries has a top speed of 55 mph,
and Yardney reports that it will
run for 77 miles on one full charge,
compared with 35 miles with lead-
acid batteries. Unlike the lead-acid
version, the silver-zine version has
room for even more batteries. This
range and performance is adequate
for a city car, but there is a flaw:
Silver-zinc batteries are very expen-
sive. The Kilowatt’s set of Yardney
batteries cost $3600.

Further, since they can be recy-
cled only about 150 times, they
would have to be replaced at least
twice a year if the car were used
daily. While a little Renault that
eats up over $7000 in batteries each
year seems something of an extrav-
agance, Michel Yardney, president
of the firm that bears his name,
points out how economies can be

made. To start with, this adapta-
tion from gasoline to electric opera-
tion is not efficient, he says. An
electric car should be much lighter,
and it should be built from the
ground up as an electric. The bat-
teries in his Kilowatt, he notes,
were made for aircraft, not for
cars. And $1000 of their $3600 cost
is in the silver electrode, and is
completely recoverable. When a set
similar to these is designed for car
use, he claims it would probably
cost $2800 and contain $2000 in re-
coverable silver.

Yardney ventures that, since the
batteries contain silver, they could
serve as collateral for a loan.
“When you buy the car,” he says,
‘“you could lease the silver from the
bank” then the batteries would only
cost $800.” He also believes that it
may be possible to increase the
number of times that the silver-zinc
cells can be recycled.

Another possibility on the hori-
zon is the use of zinc-air batteries.
A number of firms, including Yard-
ney’s, have been investigating this
high-density power source. General
Dynamics’ nearly completed 32-kW
prototype could run a car very nice-
ly. A zinc-air battery of the same
900-pound weight as the lead-acid
battery in MecMullan’s Kilowatt
should boost the car’s range from
35 miles to at least 200 miles.

Yet a third solution may be some-
how to use a lithium-paste elec-
trode. Developed recently by Gulton
Industries, the lithium-nickel-fluor-
ide battery has a higher storable
energy density than even silver-zinc.
Like the zinc-air battery, the ma-

ELECTRONIC DESIGN
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Rolling metals to uniform standards is a specialty. Roll-

ing metals for ultra-thin gauge foils for photo etching,

shims, strain gauges, honeycomb structures, capacitors,

etc; and rolling them virtually free of pin holes is a
dedication.

We, at Arnold Engineering have the dedication

and capability of precision rolling more than

fifty-five metals. We've already rolled alloys

and metals as soft as copper to a “thin-

ness” of 0.000069” —alloys as hard as

the day we lose business

Type 302 stainless and Elgiloy to 0.0002” and less. All o
our mills, slitters and centerless grinding facilities are
housed in a separate air conditioned filtered and
pressurized clean room to minimize foreign particles
which could cause pin holes in finished work. With

dual source, non-contacting beta-ray gauges, we

have held tolerances totalling 0.000017” on a

week’s run of .0011 ga. When you're ready to

roll, give us the nod. We would like to show

you how we can keep you in the dark.

ARNOLD

PECIALISTS in MAGNETIC MATERIALS

THE ARNOLD ENGINEERING COMPANY, Main Office: MARENGO, ILL.
BRANCH OFFICES ond REPRESENTATIVES in PRINCIPAL CITIES
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(electric car, continued)

terials of which it is made are inex-
pensive. The Applied Research
Dept., of Globe Union Inc., is exam-

- ining its usefulness for large elec-

tric vehicles.

And still a fourth possibility lies
in a device that has aroused the in-
terest of even the most pessimistic:
the fuel cell. Supplied with hydro-
gen and oxygen, hydrazine or any
one of many hydrocarbons, the fuel
cell is quiet, efficient and its exhaust
is non-toxic.

A team at the U.S. Army Engi-
neer Research and Development
Lab., Fort Belvoir, Va., is experi-
menting with two fuel cells for use
in vehicles. One produces 5 kW with
ordinary hydrocarbon fuel, but its
limited power will run only a golf
cart. (11.4 kW is needed to power a
car that has a 15-hp motor.) Anoth-
er cell produces 40 kW, but in a
vehicle it would derive about the
same mileage from its fuel (hydra-
zine at $1.60 a pound) as the same
vehicle equipped with an internal
combustion engine would obtain
from gasoline (at 3¢ a pound). Since

e i@
A Kilowatt’s hood (above) and trunk
(below) are filled with 900 pounds of
lead-acid batteries. The car's range
is only 35 miles.

ELECTRONIC DESIGN



hydrazine would probably never cost
less than 25¢ a pound, even mass-
produced, the hope for the fuel cell
lies in increasing the efficiency and
power of the hydrocarbon-fueled
units.

Controls combat back emf

Electric vehicles have always
been slow. (One significant early
exception was the Baker Torpedo
Car, which in 1905 became one of
the first cars to break 100 mph.)
The_ electric auto’s dc field-wound
motor has high torque at low rpm,
but as its speed increases—and its
back emf also increases—the torque
decreases. But the car needs more
torque as its body encounters great-
er air resistance at higher speeds.
This can be achieved by a variety of
switching techniques.

In the Kilowatt, acceleration is
controlled by a six-position floor
pedal. Using mechanical relays, the
pedal switches the batteries from
parallel to series operation. This
gives the motor lots of current at
low voltage when, at low rpm, it
needs torque for starting. Then as
the motor’s speed increases and a
back emf starts inhibiting the cur-

h

—

This Lansing Bagnall is driven by Pete
Riggs (above), at the Exide plant.
Exide has been licensed to make its
solid-state controls (below).

May 24, 1966

rent flow, the batteries are hooked
together in series. This increases
the voltage across the motor to
counter the back emf.

Similar considerations go into
the design of the various solid-state
control systems. In all the systems
available, SCRs control the effective
current to the motor with pulses
(see diagram p. 18).

A Lansing Bagnall (English) in-
dustrial vehicle uses a solid-state
control, which the Exide Co. is li-
censed to produce (see photos p.
21). In this control the pulse fre-
quency determines the effective cur-
rent. As the driver depresses the
accelerator, the frequency is in-
creased and the motor receives a
higher effective current.

Allis-Chalmers, of Milwaukee,
uses a different solid-state control
in a small fork-lift truck. This con-
trol keeps the pulse frequency con-
stant and varies the width of the
pulse. The wider the pulse, the more
current.

Another English firm, Cableform,
Ltd., combines the two methods.
The frequency is increased until
“ON” time equals “OFF” time.
Then the pulse is widened to de-
crease the “OFF” time further.

Electric vehicles can be tested easily with standard electronic test equipment.

The most sophisticated control
was designed by I-T-E Circuit
Breaker Co., of Philadelphia, for a
Post Office truck (see photo p. 21.)
It uses two circuits: each con-
trols the width of two synchronized
pulses. In a simple, but elegant cir-
cuit, consisting of diodes and SCRs,
the two pulses are fed to field wind-
ings of a dec motor. The field wind-
ings can be connected either in se-
ries with the armature winding or
in parallel to it. The accelerator
pedal simply adjusts the pulse
widths. The SCRs and diodes con-
nect the batteries in parallel or in
series and the field windings in se-
ries or in parallel, respectively, to
provide the proper torque at each
speed. Transitions from series to
parallel operation of the field wind-
ings and the battery are completely
continuous and the operator enjoys
the feel of a smooth response.

The remaining member of the
drive system of the electric car, the
de motor, has been available for
years from major manufacturers,
such as General Electric, Westing-
house and Bendix.

An important advantage that the
electric power train offers designers
is freedom from the conventional

g \
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I-T-E Circuit Breaker Co. controls help the driver maneuver this big Post Office
truck easily. Even these extremely sophisticated controls are quickly checked

with an oscilloscope.
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(electrie car, continued)

wheel-and-body configurations of
gasoline-driven vehicles. The cells of
the batteries, the sections of the
control system, and even several
small electric motors can be dis-
tributed in remote, but accessible,
corners of the vehicle. Designers,
unencumbered by the radiator-mo-
tor - transmission - differential  se-
quence between four wheels, have
already come up with some rather
off-beat ideas.

W & E Vehicles, Ltd., of Shrews-
bury, England, introduced a five-
wheeled dairy truck in 1965. It has
two sets of double wheels on the
rear axle and a single wheel up
front. The floor of the cab is flat
and the front of the truck comes to
a point. The de motor is mounted in
the middle of the rear axle.

The designer is not restricted to
using one motor. Giant earth-
moving machines use enormous
rubber wheels, each of which con-
tains a de motor right in the hub.
R. G. LeTourneau, Inc., of Longview,
Tex., powers the separate motors
with a diesel engine that drives a dc
génerator. A typical log-stacker de-
velops 475 hp and, unladen, weighs
145,000 pounds.

The designer isn’t even con-
strained to use dc motors. Lear-
Siegler of Maple Heights, Ohio, has
powered four wheels of a 2-1/2-ton
six-wheel army truck with ac squir-
rel-cage induction motors. These
motors have no brushes, and can de-
liver 200 hp each at 16,000 rpm.
They are powered by a gasoline-en-
gine-ac-generator set. The truck’s
speed is controlled by a frequency
converter, and it will reach a max-
imum of 75 mph.

In view of the billions of dollars
poured into development of the gas-
oline car, some wistful observers
wonder where similar disburse-
ments of capital could have placed
the electric.

One fact is certain: Some early
observers were a little too optimis-
tic. Immediately following his in-
vention of the nickel-iron battery in
1905, Thomas Alva Edison said to
Walter Baker: “If you continue to
produce your present quality of
electric automobile, and I my
present battery, the gas buggy in-
dustry won’t stand a chance.” = =

ELECTRONIC DESIGN



New missile testers
measure accuracy

Two missile manufacturers re-
cently unveiled new test facilities
for optical guidance systems. Both
use computers, and they simulate
flight patterns as well as conditions
that might impair the missile’s abil-
ity to track a target.

One test system, installed in Or-
lando, Fla., by the Martin Co., uses
an eight-ton model of terrain,
scaled down 600-to-1. The model
rides on rails, powered by a dec
motor, and the entire landscape
—complete with Hoover Dam, Bos-
ton Harbor and Vietnamese rice
paddies—moves toward an optical-
guidance sensor set in a test rig.

A “pilot” sitting in a cockpit can
control the angle of the sensor by
moving a stick. The sensor can
turn through any angle in its
gimbal. It can slide across the
beam that supports it and swoop
down with the beam toward any
target on the terrain. All these
movements enable the pilot and the
computer to simulate a bombing
mission, while the pilot observes
whether the missile hits or misses
its target.

Another simulation facility that
tests how accurately a missile hom-
ing device stays on target has been
developed by the Boeing Company.

The main elements of the electro-
optical guidance simulator are a
projection unit and screen, a pre-
cision zoom lens, a gimbaled mirror,
a three-axis table and a computer. A
homing unit is placed in the car-
riage of the three-axis table, which
can be programed té simulate a mis-
sile’s aerodynamic characteristics:
roll, pitch and yaw.

A slide or movie representing the
strike scene is projected by the
zoom lens and gimbaled mirror on-
to the screen. The homing unit sees
this as the target. As the simulated
run starts, the lens zooms in on the
slide, magnifying its details up to
50 times. When the zoom lens stops,
the computer reads out the final po-
sition of the homing device in num-
ber of feet from the center of the
target. For a target the size of
a truck, the 50-to-1 ratio of the
zoom lens permits a simulated run
by a missile that starts 15,000 feet
from the strike zone and ends just
300 feet short. m =

May 24, 1966

basic measuring tools from

HEWLETT
PACKARD

Field-proven

hp 200CD Wide-range Oscillator

Accurate test signals, 5 Hz to 600 kHz

Balanced output, better than 19, over entire range
10 volts output into 600 ohms, 20 volts open circuit
Distortion less than 0.29%, below 200 kHz

Use it for:

Lab work, subsonic to radio frequencies

Source for testing servo, vibration systems

Testing medical and geophysical equipment
Checking audio amplifiers, circuits and transducers
Testing sonar and ultrasonic apparatus

Checking carrier telephone systems, video frequency circuits,
low radio frequency equipment

Here is a true standard of the industry.
Small and compact, the 200CD was de-
signed for extreme ease of use. Wave-
form purity is retained even with loads of
a few ohms. Output balance is better
than 0.1% at lower frequencies and ap-
proximately 1% at high frequencies. A
nominal source impedance of 600 ohms
makes it suitable for both audio and
carrier applications. Price: 200CD (cabi-
net), $195; 200CDR (rack mount), $200.

A special low-distortion model, the
H20-200CD, also is available. Distortion

HEWLETT

1042

is 0.06% or less, 60 Hz to 50 kHz; 0.1%
or less, 50 kHz to 400 kHz; 0.5%, 5 Hz
to 600 kHz. Output is 7.5 volts into
600 ohms. Price: H20-200 CD (cabinet),
$245; H20-200 CDR (rack mount), $250.

Ask your Hewlett-Packard field engi-
neer for a demonstration of these oscil-
lators or write for complete information:
Hewlett-Packard, Palo Alto, Calif. 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
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The great film debate: thick vs thin

Panelists at components conference stir wide interest

in a battle of pros and cons

Rene Colen
Microelectronics Editor

Thick film or thin film?

That was the question at an eve-
ning panel discussion at the 1966
Electronic Components Conference
in Washington, D.C. this month.
Judging by the hundreds who at-
tended and expressed views, it is a
question in the minds of many elec-
tronic engineers and managers in
the country.

Thin films are generally defined
as vacuum-deposited types that are
under 10,000 A thick. Thick films
are defined as those that are more
than 10,000 A thick, usually de-
posited by a “simple” process, such
as silk screening.

Robert Berry, supervisor of the

Thin Film Circuits Group, Bell

Telephone Laboratories, began the
discussion by pointing out that it
would be simple to decide whether
to use thick or thin films if one had
only to produce circuits with loose
tolerances. However, he noted, most
circuit demands are for precise
component values and good aging
qualities, and these are only attaina-
ble with thin-film components. Fur-
thermore, Berry pointed out, the
cost of active semiconductor de-
vices, either monolithic or discrete,
varies directly with the area of sili-
con that is used. He said that by us-
ing thin-film conductors, which can
be spaced as close as 7 mils on cen-
ter, the designer can make the
bonding pads on the silicon chips
smaller, thus reducing costs.

Though thick films can be used
sometimes, Berry said, thin-film ap-
plications predominate and there is
no need to establish facilities to
make both types.

John Sprague, vice president of
research and development for the
Sprague Electric Co., supported
Berry by pointing out some of the
advantages of thin-films. For one
thing, he contended, thin-film capac-
itors can be made as large as
1 pF/in.2, whereas thick-film capaci-
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tors are limited to 0.1 pF/in.2, at
best. Also, Sprague said, thin-film
circuits are better suited for cou-
pling to semiconductor devices,
either in the flip chip configuration
or directly deposited on the active
substrates.

Speaking in favor of thick fllms,
G. Selvin, manager of the Micro-
electronics Group at Sylvania Elec-
tric Products, Inc., pointed out that
until last year he had been a strong
proponent of thin films, but after
taking a hard look at the market,
his company has decided to make
thick-film circuits.

Selvin listed these advantages of
thick-film circuits: low investment,
low operating costs, high reliabili-
ty, high resistance value, high vol-
ume capabilities. He said that—aft-
er performance and size—cost was
the factor that influenced choice.
Thick films are cheaper.

In answering one criticism of
thick-film circuits (Selvin prefers
to call them “screen and fire”
circuits) ; the Sylvania manager
pointed out that conductor patterns
with only a 3.5-mil separation had
been made at Sylvania. He also
showed and described a thick-film
multilayered interconnection board
that he said was less expensive than
the more widely used plastic multi-
layer boards.

The chairman of the panel ses-
sion, John O‘Connell, manager, Mi-
croelectronics, ITT Federal Labs.,
spoke in favor of thick films and
supported Selvin’s arguments.

Papers show the trend

Of the 50 papers presented at the
conference, almost half dealt direct-
ly or indirectly with the thick- and
thin-film technologies; the re-
maining ones were concerned with
resistors, capacitors, inductors and
other discrete components.

Stephen Markoe of Univac (Sper-
ry Rand Corp.), presented a paper
on “Face-Down Bonding of Mono-
lithic Integrated Circuit l.ogic Ar-

rays.” The technique used has these
major advantages:

® Instead of attaching “solder
balls” to the IC chips, as is custom-
ary in most flip-chip ciruits, the
designer forms aluminum islands
on the substrate to match the bond-
ing pads of the IC devices. This al-
lows the use of the standard chips,
without modifications, provided by
semiconductor manufacturers.

® An ultrasonic bonder is used,
instead of the more common ther-
mo-compression bonders. By vary-
ing the bonding pressure, the de-
signer can remove the chips by
twisting, without damage to either
the substrate or the chips. With an
increase in the bonding pressure,
the chips can be bonded so tightly
that removal would cause breakage
of the substrate lands.

® A glass substrate is used that
permits a simple, visual method for
aligning the chip to the substrate,
without resort to the more sophisti-
cated optical systems now being
marketed for flip-chip bonding op-
erations.

The entire development was un-
dertaken to develop logic processors
consisting of up-to-200 active chips
per circuit, with requirements for
minimum propagation delay and sig-
nal distortion. The final integrated
circuit version operated 25% faster
than an equivalent version built in
TO-5 cans.

Another application report, by
Dr. James O‘Connell of ITT Federal
Labs., discussed in part the use of
thick-film ecircuits in the PICO II
Microwave Terminal, a microwave
transmitter-receiver. Except for the
microwave-frequency front end and
the power supplies, all the circuitry
in this system is placed in standard-
ized thick-film modules. The thick-
film circuits themselves are all man-
ufactured by the same process. Of
interest is the fact that discrete ca-
pacitors and resistors are used to
achieve operating characteristics
that would otherwise have been un-
attainable at low cost. The unit, op-
erating from 7.125 to 8.5 GHz with
an output power of 125 mW, weighs
17 pounds and measures 13 by 13 by
7 inches. m =
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Degrees
and
Minutes

Not angles. Temperature. Time. Wherever
more accurate, more sophisticated

high speed time-control devices are called
for, as in critical process control
applications, the new HAYDON QT Solid
State Delay/Interval Timer is meeting

the demands of design engineers.
Completely interchangeable and compatible
with the full line of HAYDON Panel
Mounted electromechanical timers,

the QT Solid State Timer assures such
important advantages as accuracy specified
at set value rather than full scale, and
absolutely dependable accuracy at
constant voltage and temperature.

Unlike unijunction transistor and
thyratron-controlled units, interruptions of
timing do not cause momentary closing

of relay contacts with resultant shortening
of the next time interval.

As specialists in timing and application
skills, HAYDON engineers are at your call
—ready to assist you with any time
problem. To put HAYDON and time to work
circle the number on the card, phone
or write today.

[l

Important Features
Completely new approach to Solid State
timing circuit design.
Fully compatible with all HAYDON Panel
Mounted timers. Complete interchange-
ability with other HAYDON units.
Life expectancy 10 million mechanical
operations.
Voltages: 20VDC; 117,230 VAC, 50/60 cps.
Power requirements approximately 3 watts.

Comparatively insensitive to shock and
vibration. Compensates for voltage
variations.

Not damaged by X-ray radiation or
voltage spikes.

Instantaneous reset even within a timing
cycle. Repeat accuracy for Delay/Interval
Timers is specified as “percent of set value”
rather than the more customary “percent
of full scale"” with the resulting user benefit.

Delay/Interval Timer; Full Scale—30 sec.

maximum. Repeat accuracy —+2% of set
value above 1 sec for temp range of 0° to
60°C, & operating line voltage within
+10% of rated value.

/— 8/32 stud, 3% long
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NEWS

Simple optical radar said to top laser

Brilliant, non-coherent nanosecond flashes emitted
by system are effective for short-distance ranging

Neil Sclater
East Coast Editor

A new short-range optical radar
system with a transmitter that
looks and fires like spark plug is re-
ported to have many advantages
over laser optical radars.

The non-coherent, light-ranging
concept, called the Nanolite, was
demonstrated by its inventor, Dr.
Heinz Fischer, at the Air Force
Cambridge Research Laboratories,
Bedford, Mass. It generates ex-
tremely intense flashes with pulse
lengths measurable in billionths of
a second, which are obtained by
charging and discharging a special
low-inductance capacitor.

The sharply defined pulses are fo-
cused on nearby targets of un-
known range. As in conventional
mircowave radar, delay time be-
tween the pulses permits the light
echoes to return and be detected.
Accuracies within inches have been
obtained in the range determination
of targets approximately 100 feet
from the set. Dr. Fischer states
that the system is more practical,
simpler and capable of producing
higher light-pulse-repetition rates
than laser optical radars.

The most important element of
the Nanolite is its coaxial capacitor,
which Dr. Fischer designed. Its abil-
ity to charge and discharge up to
10,000 times a second is due to the
virtual absence of inductance. Con-
sequently, extremely sharp rise and
decay times are possible. The physi-
cist said the time elements are
difficult to measure but he estimat-
ed the charge-discharge action at
more than 10 times faster than that
obtainable from a conventional ca-
pacitor of equivalent value.

Powered by a light, portable bat-
tery, the unit needs no complex cir-
cuitry to achieve its rapid flashing.
This is because of its self-pulsing
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or free-firing ability.

The eye integrates the flashes so
that they appear as a bright, bluish
arc. Dr. Fischer says the flashes are
about a million times brighter than
they appear. In fact, the individual
pulses have an intensity in excess
of 30 million candles per square
centimeter. The radiation forms a
continuous spectrum extending well
into the ultraviolet region.

Current densities in excess of 10
million amperes per square centime-
ter at 500 to 1000 volts produce this
illumination level. But because of
the short duration of the flashes,
electrode heating and erosion are no
problem. No cryogenic or forced
cooling is needed anywhere in the
system.

Each time the -capacitor dis-
charges, flashing an arc, an elec-
trical signal is sent from the Nanol-
ite to trigger an oscilloscope time
base. Correlation between the trig-
ger pulse and the return of the de-

tected energy establish the timing,
and hence the distance.

A practical, portable optical ra-
dar set based on the Nanolite would
require a receiver and timing device
to translate light-pulse travel time
into distance. So far Dr. Fischer
has given little time to perfecting
such a receiver. His experimental
receiver is a standard laboratory
oscilloscope coupled to a photomulti-
plier. He believes, however, that the
necessary circuitry for obtaining
meaningful ranging and detection
data could be built into a simple,
lightweight package that would be
as relatively inexpensive as the
Nanolite itself.

The light source of the system
has already been used to pulse semi-
conductor lasers and to illuminate
rapidly moving objects for high-
speed photography. Dr. Fischer
foresees further application as an
aircraft or spacecraft landing aid.

Dr. Fischer divides his time be-
tween the Bedford laboratories and
the Technical University in Darm-
stadt, West Germany, where he is
Professor of Applied Physics. = =

Optical radar transmitter electrodes under examination by the system’s inventor,
Dr. Heinz Fischer of the Air Force Cambridge Research Laboratories. The sys-
tem is said to be superior to the laser for short-distance ranging. The lens
shown at left focuses the light to increase range.
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Send us your most impossible non-linear
functions. We'li build a pot to them or you
can be sure it can't be done! We have a well-
earned reputation for extraordinary respon-
siveness to customer-requirements, and our
technical capabilities and manufacturing
facilities are unsurpassed by anyone else in
the industry.

Who else uses an in-house digital com-
puter exclusively to calculate the winding of
non-linear pots? This not only saves time,
but it provides full digital accuracy in the
manufacture of the finished product.

To put it simply: " What is impossible for
others, we often do routinely.” So if you have
a non-linear requirement, send for our “Pot
Specifier's Checklist."
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Preposterous Pots? You bet!

Here are just a few more reasons why
Spectrol is first in the design and manufac-
ture of non-linear precision pots:

1. We will provide any kind of special
function, from the most conventional to
the most sophisticated, in pot configura-
tions to meet customer requirements.

2. We also have the broadest variety of
pre-calculated non-linear functions that
can be produced readily in standard pot
configurations.

3. And, since the proof is in the pudding,
you will find that Spectrol precision pots
are on more systems throughout the world
than any other pots.

SPECTROL ELECTRONICS CORPORATION trOI
17070 EAST GALE AVENUE CITY OF INDUSTRY, CALIFORNIA 91745




ELECTRONIC

INNOVATIONS

IN SEMICONDUCTOR PRODUCTS

B COUNT ‘EM! WHY
SHOULD YOUR NUMERICAL
READOUT CIRCUITS USE
MORE COMPONENTS?

After all, why waste money? The more
components you use, the more your
readout circuits cost.

Both  binary-to-decimal circuits
shown in Figures 1 and 2 will not only
reduce your component counts and
circuit costs, but will also provide the
gain necessary to drive, directly, the
lamps in the readout.

Take the Figure 1 circuit—a stand-
ard decoder with transistor drivers on
the output. This circuit not only drives
the incandescent lamps, but is excel-

ﬁxﬁMﬂAl U D2 Us Us Us s il
b e Ak 2K Lo
e MENESERE, o
S92
L "
b Pk, &
v i e, e
% e, oS,
b | Dl D &
40 DIODES GE IN4148 b L
10 TRANSISTORS (2N3417) =L

LAMPS NO. 1829 GE 40 MA @ 28V
Fig. 1. Binary-to-decimal converter with
drivers

lent wherever projection-type displays
are needed. Use a 2N3877A transistor
in it and you’ll find you can also use
such high voltage indicators as gas-
filled, cold cathode numerical types.
The Figure 2 circuit, meanwhile, is
designed for incandescent lamps spe-
cifically. You’ll find it a bit different in
that its transistor matrix permits the
transistor to do both the amplifier and
the logic job required. But you need
far less input current with this circuit
to drive the same size lamp shown in
Figure 1. Each input turns on only
one transistor.

Studying applications where the
readout device is driven from a
counter? Try the circuit shown in Fig-
ure 3. The key to component reduction,
here, lies in the economical ring counter

28

requiring only one active device per
stage. Used to drive 250 milliampere
lamps, this circuit delivers outstanding

+18
290

Us
+18%62K

Yy

14 DIODES, GE INA148 o
12 TRNSISTORS, GE 2N3415
LAMPS, GE 1815 200 MA @ 14V

Fig. 2. Binary-to-decimal decoder drivers

savings through its use of both a G-E
2N3403 economy transistor and G-E
C106 low-cost SCR. Try it. You'll find
its maximum repetition rate is even

GENERAL @D ELECTRIC

greater than 2 kilohertz and that it will
operate even with the lamp burned out.

LAMPS  #44

- -
40 1 SEC  CLEAR
100 CPS
5 VOLTS

Fig. 3. High current ring counter

Circle Number 811 on the Reader’s Service
Card if you're interested in any of these, or
any other, recent G-E readout circuit develop-
ments. They're just one more example of Gen-
eral Electric’s total electronic capability. Or
ask your G-E engineer/salesman or distributor
for more information or write to General
Electric Company, Schenectady, New York. In
C da: C dian G al Electric, 189 Duf-
ferin St., Toronto, Ontario. Export: Electronic
Component Sales, IGE Export Division, 159
Madison Ave., New York, N. Y. 10016.
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Tower of Babel?

Communications satellites cause concern

Communications satellites have become the
latest international bone of contention. Thegy
could become the Space Age’s Towers of Babel,
or merely new instruments of cold-war
propaganda for use against enemy or supposed
ally alike and provoking the same defensive
reactions that a poised nuclear warhead would.

This latter, grim picture of the future— some
would say the very near future—has aroused
serious concern in certain White House offices,
at the State Department, at the Agency for
International Development, even in the purely
domestic Department of Health, Education and
Welfare. And this worry has not been lost

on such firms as Comsat, AT&T, Hughes
Aircraft Company and their European
equivalents like Eurovision and Hawker
Siddeley.

U.S. and European government officials have
for some time publicly owned to low-level
concern over the propaganda potential of
comsats and have realized that the use of them
for education in underdeveloped areas would
require widespread prior agreement. Now the
growing list of political worries is being further
complicated by technical considerations.

The recent American Institute of Aeronautics
and Astronautics Conference on satellite
systems provided a forum for sounding off
about both the technical and political difficulties.
Views expressed there have sent government
officials into hasty huddles to draft plans that
almost deserve the label “emergency.”

One of the loudest warnings came from an
expert on geopolitical and legal matters.
Columbia University law professor Richard N.
Gardner, a former Deputy Assistant Secretary
of State, voiced alarm at the proliferation of
budding systems for direct broadcasts into the
home by way of comsats. The United States, he
warned, had “better take the leadership to
forestall attempts to develop a number of
competing systems” in Europe. The only
alternative, he said, would be to “foreclose
direct broadcasts altogether.”

France, Britain and a number of other nations
are talking of developing their own and
European communication-satellite systems. At
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WASHINGTON EDITOR

the same time, other nations are talking of
prohibiting direct broadcasts. A Swedish
member of a UNESCO panel recently proposed
that United Nations members should have veto
power over direct broadcasts if they should
offend so much as a single member. Washington
has interpreted this to mean that the U.S.S.R.
or, later, China could veto an agreement where,
for instance, the U.S. undertook to supply
educational broadcasts direct to schools or
homes in India or an African nation.

Africa, above all, is seen as a comsat
battleground. Internal communications there
are primitive and most African states cannot
afford the cost of introducing modern
telecommunications. Agency for International
Development experts have already proved that
low-cost television sets in villages and schools
can supplement, even replace, teachers in
many cases. Worried State and A.L.D. officials
say that whoever gets to Africa first with those
TV sets and sets up the direct comsat system
to feed them will control the continent.

Propaganda aside, comsat service to Africa
poses technical problems. Two ATAA conference
speakers from Hawker Siddeley Dynamics,
Ltd., noted that only six to 12 channels would be
needed for several years to serve most of the
African nations. G.K.C. Pardoe and

L.W. Steines contended that if comsat systems
are to serve such areas, they must be designed
for multiple access. For this the satellite has
to act as a central processing point for
information received from a number of
transmitters. Ideally, the satellite transponder
should retransmit this information to receivers
at selected earth stations. The problem is then
further compounded, Pardoe and Steines
pointed out, when different forms of traffic,
especially TV, are taken into account.

Electronics to battle water pollution

Not to be outdone in its role in the battle
against air pollution, the electronic industry
is now moving into the water pollution control
field. The industry will be offering equipment
in a wide price range for monitoring pollution
levels. The market will be good, thanks to a
new Federal requirement that state and local
governments must act by the middle of next
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Washington
nenorl CONTINUED

year to clean up interstate streams and lakes.
Public Health Service officials point out that
almost every manufacturing plant that faces
onto water will need such equipment.

A pilot project on the Potomac near Washington
will employ 10 monitoring stations to sample,
analyze, record and transmit data on dissolved
oxygen, temperature, chlorides, turbidity,
acidity and conductivity. The stations will
incorporate light sensors, electrodes and
transducers. Each will cost about $15,000 and be
linked by leased lines to a $25,000 central station
in Washington, where tapes will be cut for
storage and print-out. Variations for use by
cities and manufacturing plants are becoming
available at prices ranging from $350 to more
than $100,000.

NASA to review observatory satellites

A five-man board has been established by
NASA to conduct a broad review of the agency’s
observatory-class Earth satellites. The board
will attempt to determine why these heavy
satellites have been considerably less than a
resounding success.

N.l.H. commends microelectronics

The National Institute of Health has boosted
the potential role of microelectronics in
medical research. The huge Government
medical research complex, embodying the
National Cancer Institute, National Heart
Institute, National Institute of Mental Health
and others, has formally asked for the
electronic industry’s aid in developing
applications. The N.I.H. Special Research
Resources Branch recently published a request
for proposals of ways for the industry to give
its “assistance in the development and
utilization of advances in microelectronics
devices for biomedical research.”

N.I.H. wants contractors to develop models of
complete packages small enough to be implanted
in animals or humans for research or therapy.
The devices would probably have to be
encapsulated, an official said, adding that
hopefully they would replace, augment or
inhibit specific glandular, muscular or nervous
organs “to make feasible a new area of research
and therapy.”

The thought behind the request, the official
said, was “recognition at N.I.H. that
microelectronics has developed to a stage where
complete instrumentation packages—including
sensing, logical processing of the signal and
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production of a control and monitoring signal
—can be constructed for biomedical research
purposes.”

““NASA needs an inspector general”’
An office of “Inspector General” should be set

.up in the National Aeronautics and Space

Administration with a staff specially to watch
over spending. This proposal was contained in
a minority report—suprisingly well supported
by the majority—by the House Committee on
Science and Astronautics. It was submitted as
part of Committee’s formal report authorizing
NASA spending for fiscal 1967. The minority
report, which had the backing even of several
staunch NASA partisans, was largely the
handiwork of Pennsylvania Republican
James G. Fulton. It contends that in NASA
“almost nothing is being done today to see that
the bookkeeping is straight, not enough in
view of the huge amounts passing through
NASA.”

The report also restates “the failure of NASA
to follow the Congressional directive concerning
the need for greater geographical distribution
of research contracts.”

Engineer volunteers sought

The Volunteers for International Technical
Assistance is seeking engineers and scientists
willing to give of their skills—at home—to
various technical assistance programs around
the world. The organization would match

volunteers and their engineering specialties to

specific projects in developing countries.
Interested engineers may obtain further
information from VITA, Inc., 230 State St.,
Schenectady, N. Y. 12305.

P.0. makes major electronics awards

The Post Office Department has chosen to
announce its biggest electronic automation
contracts to date at the height of Congressional
hearings into why the Department has not
moved more rapidly on automation. Contracts
totaling $26 million, largely for data-processing
equipment, went to Control Data Corporation,
Honeywell Corporation and Hardy Scale
Company of Ogden, Utah. All delivered goods
will become part of what the P. O. has been
billing as “the largest electronic source-data
complex in the world.”

Control Data will receive $22.7 million for
new source-data equipment to be installed

in 75 post offices and several central
data-processing offices. Included in the contract
is the $4.5 million Hardy subcontract for
electronic scales. Honeywell gets $3.3 million
for new equipment to replace data-processing
systems now in use in the six postal data
centers and at P.O. headquarters.

ELECTRONIC DESIGN



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 ?
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Mullard

where the product is only part of the deal

MULLARD LIMITED - TORRINGTON PLACE - LONDON WCI - ENGLAND



with this catalog
you can
choose
from
62,000
different
power supplies...

all available |
for shipment

; in
3 DAYS!

Write for

your copy today to
Acopian Corp.
Easton, Pennsylvania
or telephone

(215) 258-6149.

Alcopian
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NEWS

System transmits documents by telephone

“Hello, operator? I just got the
wrong picture.”

It’s not likely that you'll ever
have to say this to a telephone oper-
ator, but the capability is now there.
Pictures and printed matter are
being transmitted by telephone.

The new development is a facsim-
ile transceiver, built by the Magna-
vox Co. and marketed by the Xerox
Corp. It transmits and receives over
normal telephone lines.

The Xerox Magnafax Telecopier,
as the device is called, prints at a
rate of 1.875 inches a minute, which
means that a full 8-1/2-by-11-inch
document can be transmitted in
about six minutes. Its scan rate of
180 lines a minute corresponds to a
scan density of 96 lines per inch.
This provides acceptable resolution
even for photographs.

The Telecopier consists of a basic
unit and an associated acoustic cra-
dle. The document or picture to be
transmitted is inserted into the
sender’s machine, and a carbon pa-
per, called a Telecopy, is put into
the receiver’s machine. The tele-
phone hand-sets of both sender and
receiver are placed in their respec-
tive acoustic cradles, and a button
is pressed to begin transmission.

The material in the transmitting
unit is illuminated and scanned by
an optical scanning mechanism. The

varying amounts of reflected light
are focused and passed through a
rotating chopper to a photocell. The
photocell output is amplified and
then converted to an FM audible
signal, which is transmitted over
the telephone lines.

At the receiving end the signal is
converted back into a varying dc
voltage that drives a stylus printing
mechanism. Synchronization be-
tween the sending and receiving
units is accomplished during the
first 15 seconds of operation by a
transmitted signal, which positions
the printing stylus for the begin-
ning of the message. The scan and
print drive motors are then kept
synchronized by their own crystal-
controlled oscillators.

As with other Xerox-marketed
equipment, the Telecopier initially
will be leased. The meter operates
only when the unit is sending or
receiving a document. = =
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weighs

only 46
pounds. Its acoustic cradle is shown

Telecopiér unit

at the left.
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Audible signals that correspond to the black-and-white variations on the docu-
ment being sent are produced by the transmitting unit. The receiving unit con-
verts these to movement of the printing stylus.
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8405A VECTOR VOLTMETER

NEWLETT - PACKARD

what your circuit is really
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NEW HEWLETT-PACKARD
8405A VECTOR VOLTMETER

For the performance achieved, the time saved and the conveni-
ence gained, no electronic designer can afford to be without this
unique new wideband RF millivoltmeter/ phase meter. The 8405A,
which replaces complex combinations of instruments and sys-
tems, is so easy to use that it will find application on both the
production line and the lab bench.

The 8405A reads voltage with each of two pencil-size high-
impedance probes and it simultaneously and directly reads phase
angle between the two. Having both the voltage and phase in-
formation allows you to define completely all the network para-
meters needed to optimize your design.

The 8405A automatically tunes to the signal when a single
knob is set anywhere within an octave of the operating frequency.
The voltmeter searches and phase-locks to the signal at the first
probe in 10 msec. Tuned bandwidth is 1 kHz, eliminating un-
wanted harmonics or other signals which would affect accuracy
in gain and phase measurements.

Maximum input to either channel is 10 v, and phase measure-
ment range is +180° with a £6° end scale maximum sensitivity.
A phase offset control, in precise 10° steps, permits resolution
to 0.1°.

The RF signals under measurement are converted to 20 kHz
waveforms which are identical to the RF in amplitude, waveshape
and phase relationship. The 20 kHz outputs from each channel
of the 8405A Vector Voltmeter are available for use with con-
ventional low frequency instruments such as oscilloscopes or wave
analyzers, resulting in important new measurement convenience
in the 1-1000 MHz frequency range.

HEWLETT hp PACKARD

An extra measure of quality

Turn the page for brief specifications



BRIEF SPECIFICATIONS

Instrument type:

Frequency range:
Meter bandwidth:
Tuning:

Voltage range:

Full scale
voltage accuracy:

Voltage response to
test-point lm%zndance:

Residual noise:
Phase range:

2-channel sampling RF millivoltmeter/ phase
meter which measures voltage level in two
channels and simultaneously displays the phase
angle between the two signals

1 MHz to 1 GHz in 21 overlapping octave bands
1 kHz

Automatic within each band. Automatic phase
control (APC) circuit responds to the channel A
input signal

Channel A: 1.5 mv to 1 vrms 1 to 5 MHz, 300 uv
to1vrms 5 to 500 MHz, 500 uv to 1 v rms
500 MHz to 1 GHz; can be extended by a factor
of 10 with 10214A 10:1 Divider

Channel B: 100 uv to 1 v rms full scale (input
to channel A FE(iUIred)‘ can be extended by
a factor of 10 with 10214A 10:1 Divider

Meter Ranges: 100 uv to 1 v rms full scale
in 10-db steps

Within 2% 1 to 100 MHz, within +6% to
400 MHz, within +=12% to 1 GHz, not including
response to test-point impedance

+0, —2% from 25 to 1000 ohms. Effects of
tesi-pomt impedance are eliminated when
10214A 10:1 Divider or 10216A Isolator is used

Less than 10 uv as indicated on the meter

360°, indicated on zero-center meter with
end-scale ranges of =180, *60, =18, and
+6°. Meter indicates phase difference between
the fundamental components of the

input signals

Data subject to change without notice. Price f.o0.b. factory.

Resolution:
Meter offset:
Phase accuracy:

Phase response vs
frequency:

Phase response vs
signal amplitude:

Phase response vs
test-point impedance:
Isolation between
channels:

Input i
P N Rominai:

Maximum input
(for proper operation):

20 kHz output
(each :hannel):

Recorder outputs:

Price:

0.1° at any phase angle

+180° in 10° steps

Within =#=1°, not Including phase response vs
frequency, amplitude, and test-point impedance

<#+0.2° 1 MHz to 100 MHz, <=#+3° 100 MHz
to 1 GHz

< £2° for an amplitude change from 100 uv
tolvrms

<=+2° 0 to 50 ohms, <—9° 25 to 1000 ohms
>100 db, 1 to 400 MHz; >75 db, 400 MHz to
1 GHz

0.1 meq:)hm shunted by approx. 2.5 f’.:af;

1 megohm shunted by approx. 2.5 pf when
10214A 10:1 Divider is used; 0.1 megohm
shunted by approx. 5 pf when 10216A Isolator
is used; ac coupled

3v (30 v when 10214A 10:1 Divider is
used%-;pi 150 \?- gc max.

Reconstructed signals, with 20 kHz funda-
mental components, having the same
amplitude, waveform and phase relationship
as the input signals

Amplitude output 0 to +1 v dc proportional
to voltmeter reading; phase output 0 to #0.5 v
dc proportional to phase meter reading

$2500

@ Automatic phase-locked tuning—ijust tune to within an oc-

tave of the signal frequency and . . .

@ APC unlocked light goes out. The 8405A locks with <500 pv
at Channel A over most of the band (<1.5 mv full band).

@ 100 microvolts full-scale sensitivity.

() Dual-channel voltmeter.

@ 0.1° phase resolution with an expanded +6° phase scale.
@ +180° meter offset to allow expansion of any angle to the

+6° range.

@ Phase finder—returns Phase Range to +180° and Meter
Offset to 0° for direct readout of phase regardless of the
position of these controls.

Rear-panel outputs—20 kHz reconstructed RF for analysis
with low frequency instruments; also recorder outputs for
amplitude and phase meter readings.

@ High-impedance probes with high isolation between channels.




Letters

Engineers must improve
professional standards

Sir:

I would like to comment on your
article entitled “EE Societies—Are
They Doing Enough ?” in the March
15th issue [ED 5, p. 86]. I want to
say they are not blameless but there
are other factors which should be
considered.

The engineer is not treated as a
professional because normally he
doesn’t act like one. Mill-like hiring
is prevalent because he sells himself
to the highest bidder regardless of
location and professional working
conditions. Perhaps he rationalizes
by saying, “The job will not last
anyway’”’ or “I’'m not going to work
here very long.” In short, he con-
siders it just a job, not a position.

Everyone stresses technical com-
petence, but what about profession-
al integrity ? When the engineer be-
gins to take the time to better his
lot, then and only then will he be
treated in accordance with profes-
sonal dignity. Adding a long chain
of degrees after his name is not the
solution. Professional engineers
should not belong to unions. They
should not accept jobs that are not
bona fide engineering positions. Too
many job-function titles contain the
word engineer when the actual job
description clearly outlines duties
which are not ordinarily performed
by an engineer.

What is an electronic engineer?
He must have a degree, but it can
be from almost anywhere in the
world and in almost any related
course of study. He must have ex-
perience. A year is enough to rate
the title of engineer. Only profes-
sional engineering fields, such as
civil and electrical, require techni-
cal experience of a high level over a
reasonable period of time as a pre-
requisite for the position of engi-
neer.

I think the solution to the prob-
lems outlined in your article must
come from the engineers—profes-
sional engineers. Data which are
presented in unorthodox units or
twisted for sales appeal should be
rejected by the engineer; honest,
straightforward specifications must
be a firm requirement.
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Professional attitudes, integrity
and ethics must be encouraged and
promoted. Engineers should be re-
quired to take and pass examina-
tions upon graduation and upon
completion of a specified length of
service. Other professions, in-
cluding some engineering branches,
do this, thus regulating quality and
performance to the highest possible
degree. Why can’t the electronic or
electrical engineer be required to
earn a license just as doctors, law-
yers, etc? Engineers also serve the
public in all phases of technology.

The engineer can work closely
with professional organizations
such as the Consulting Engineers’
Council and the Society for Profes-
sional Engineers to promote and im-
prove the profession. Improvements
can be effected by increased profes-
sional registration, by legally
defining the position and title of an
engineer and by education of
present and future professional
candidates. Every state has a
professional engineering program.
This is a good place to begin to ele-
vate the engineering profession.

D. Lawrence George
232 Windsor Avenue
Southampton, Pa.

Accuracy is our policy

F. W. Bell, Inc., tells us that their
model 1390 Magnetic Reaction Ana-
lyzer (ED 7, Mar. 29, 1966, p. 102)
is simply an accessory that adds
differential capability to their mod-
el 1090. Our description of the
unit’s identity and function is
wrong.

Marvin Silverstein, co-author of
“Design high-frequency amplifiers
.,”’ was incorrectly listed in ED
8, Apr. 12, 1966, p. 48. He is a sen-
ior engineer at Electronic Commu-

nications, Inec., St. Petersburg, Fla.

In ED 10, Apr. 26, 1966, p. 14,
Dr. Dennis Gabor was quoted as
saying that bandwidth require-
ments for holography television ex-
ceeded present capabilities by 30x

303. The figure should be 30x103. .

Varian Associates points out that
reflector voltage in their VA-298
klystron is incorrectly given in ED
10, Apr. 26, 1966, p. 126. Correct
reflector voltage is —600 Vde, not
—150 to —160 Vde.

(= BT
60-cycle source?
Stability *+ 0.2%

to a second

per month
(3 x10-® per 24 Hour)

Price $60 up.

TFA-866

Think TRACOR

For further information:
TRACOR, Inc.

General Sales Office
6500 Tracor Lane
Austin, Texas 78721
Phone: 512-926-2800

COMPONENTS

REPRESENTATIVES IN PRINCIPAL CITIES

We are looking for EE’s, ME’s and
Physicists for design consultation
or systems development in ASW
and undersea problems—experi-
ence in penetrations aids—design
studies, tests, analysis and reports
on electronic and mechanical sys-
tems. Your reply strictly confi-
dential.

X ¥
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E|D EDITORIAL

Need better calibrations?
Then, speak out!

Just how valuable is accurate measurement to the progress of
technology and to development of the national economy ?

This question is hard enough to answer in engineering terms.
It is next to impossible when the answer has to be set down in
terms of dollars and cents. Yet this is exactly the task that has
faced the National Bureau of Standards the past few years when
it has sought to increase its annual budget. Most Congressmen
are lawyers, not engineers, and they are hard to convince.

The engineer may have some difficulty in spelling out an answer,
but he can certainly sense the importance of exact measurement.
How far would the economy ever have advanced if designers
couldn’t specify fairly close machine tolerances or voltage levels,
and be confident that their designs were producible? How would
today’s high-performance aircraft or large, interlinked computer
networks ever have been possible without careful calibration pro-
cedures and precise standards?

It is reassuring for the engineer to know that his peer on the
opposite coast is using measurements traceable directly to the
same rock-solid base—the “ultimate standard” at the Bureau.
But what happens in the case where this ‘“ultimate standard”
either does not exist or does not match the degree of accuracy
demanded by his latest design?

This very situation, unfortunately, is beginning to recur more
and more often (ED 11, May 10, p. 17). The aerospace industry
has expanded tenfold while the NBS operating budget has re-
mained practically unchanged over the last few years.

In consequence, the Bureau has fallen sorely behind industry’s
needs. Our own investigation of the sitnation had led us to the
following conclusions about what must be done:
= NBS budget-makers must ask for more funds. While the House
has trimmed the budget request every year, the total amount
sought has stayed almost the same. NBS managers will have to
make more forceful demands.
= Industry should give the Bureau the evidence that it needs to
back its demands, instead of sniping at it. The National Confer-
ence of Standards Laboratories has unearthed 128 specific re-
quests for services presently unavailable, yet only five of these
included estimates of the cost of the lack of these services.

You can help in this effort by reporting any cases familiar to
you to Rep. John J. Rooney, House of Representatives, Washing-
ton, D.C. 20515, with a copy to ELECTRONIC DESIGN. Congressman
Rooney heads the Subcommittee on State, Justice and Commerce
within the House Appropriations Committee. And do include esti-
mates of the cost of being without the desired service(s).

Before dashing off your letter, however, be sure to check “Cali-
bration and Test Services of the National Bureau of Standards,”
NBS Misc. Pub. 250 (1965 edition), available for $1 from the
Superintendent of Documents, Government Printing Office, Wash-
ington, D.C. 20402. Additional services can sometimes be arranged

if you call the Bureau directly.
ROBERT HAAVIND
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Micro Low Noise FET

en=0.02 pV/N~@10 Hz

Simplify your amplifier designs with micro low noise CHECK THE SPECS!

i i Y BVgss  Ipss gm \ e

Field Effect Transistors. UNION CARBIDE ELECTRON Vo = ahos 0 . e
ICS produces both N and P-Channel FET’s with the _Tye Channel  Min.  Min. Min. Max. Max. 1-99
: : S ; 2N3684 N 50 25 2000 5.0 0.15 $12.55

lowest noise voltages available. In addition, IGss is less  7n3sss N 50 10 1500 35 015 14.45
than 100 pA and noise current as low as 0.01 pA/{~ @  2N3686 N 50 0.4 1000 2.0 0.15 16.45
’ ‘ 2N3687 N 50 0.1 500 1.2 0.15 18.30

10Hz. These FET’s are produced to satisfy the most 7305 P 30 1951000 50 0.2 1255
exacting low noise designs. Representative devices are  2N3696 P 30 0.5 750 3.5 0.2 14.45
h e sty UCE distrib v the 2397 P 30 0.2 500 2.0 0.2 16.45
shown at the right; your istributor can supply the  7n3sgs P 30 0.05 250 1.2 0.2 18.30
right device for your application. Call him today. uc-240 N 50 1.0 1200 5.0 0.02 24.50

~ UNION
CARBIDE

ELECTRONICS

UNION CARBIDE CORPORATION 365 Middlefield Road, Mountain View, California 94041 TWX: 415-969-9166; Telephone: (415) 961-3300

Speed Inquiry to Advertiser via Collect Night Letter
ON READER-SERVICE CARD CIRCLE 17
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ED Technology

Take the fog out of field-effect design race 3s

Two approaches to diode phase-shifter design eace 46
Preserve the accuracy of sampled-data systems race s4
FETs simplify a one-bit comparator pace ss

Easy ploys to make your project job really last race 70

L T T TS T o Y S g P 8

Shuffle your equipment . .. p. 70 The right

0T R

Diodes toe the line. . .p. 46
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Take the fog out of field-effect design. Uuse
only those FET and MOS parameters that are essential
for amplifier and switching applications.

Part 1 of a three-part article.

Confused about where to apply field-effect de-
vices? Are your designs getting bogged down be-
cause of incomplete specifications or cluttered up
by a plethora of parameters? Well, here’s how to
take the guesswork out of FET and MOS design.

The short cut involves using only those parame-
ters which reflect the device’s suitability for a
specific application.* The properties of the semi-
conductor itself indicate which of the various pa-
rameters govern. Knowing which of the character-
istics to look for is almost as important as using
them properly, and the application at hand serves
as the best guide for this.

The two main categories of FET and MOS ap-
plications are amplifiers and switching networks.
Our study will examine the critical design criteria
for:
= Analog switching systems.
= Digital switching systems.

m General-purpose amplifiers (typified by operat-
ing frequencies below 1 MHz).

The remaining major classes of field-effect am-
plifier applications (low-noise amplifiers, high-
frequency amplifiers, low-drift single-ended dec
amplifiers and differential d¢ amplifiers) will be
covered in parts 2 and 3 of this article in the next
issues (ED 14 and 15, June 7 and 21).

In each case, we will first consider the important
characteristics of FETs and MOSs, then separate
the governing parameters from those of secondary
importance, and finally, develop the actual design
procedure for a representative application. The
meaning of each parameter specification (for the
application categories cited above) and their
associated test conditions are included for re-
ference purpose (See Box).

FET fine for analog switching

The FET as an analog switch offers significant
advantages over the bipolar transistor, particularly

*Consult the May 17 Semiconductor Reference issue of
Electronic Design (pp 104 to 112) for a detailed exam-
ination of FET and MOS specifications. The material is
tailored to the data that appear on field-effect specification
sheets and in the Semiconductor Reference issue. It also
shows how to choose between units of the same type and
from among competing FETs and MOSs.

James S. Sherwin, Senior Applications Engineer, Siliconix
Inc., Sunnyvale, Calif.
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is low-level multiplexers. The analog gate in its
simplest form appears in Fig. 1. More sophisti-
cated forms differ only in the method of referenc-
ing and coupling switching waveforms to the FET
gates.! When the FET is gated OFF with a
Ves=Vscorr), it appears as an open circuit in
series with the signal line. When a zero or a neg-
ative gate level exists at the switching input, the
control voltage is decoupled from the FET by a
diode, and the FET gate is referenced by a resis-
tive path to the source. Then, V=0 and the FET
is full ON with minimum 74, appearing in the
signal line. Switching FETs typically exhibit

£
=ouT

E>0
Eqnmayy —=afos s N s b S
Ein_ L
Vs =0 DURING CONDUCTION
FOR ANY Ey
Eour
E & f———
NN i e T 2,
Caon 5 o )
les ¥ lep
l'ds D
AA- ')

1. FET analog gate circuit (a) provides a zero gate-to-
source voltage for any input signal. Positive gate (see
waveform) turns the switch OFF. Equivalent circuits for
the OFF and ON states appear in (b). In the ON condition
there is no offset voltage and the switch may be repre-
sented by a resistor.
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2. In the analog multiplexer circuit (a) the FET switch is
used with a buffer amplifier. The commutative network (b)
is shown with the first channel ON and all other channels
OFF.

rascon) Of a few tens to a few hundreds of ohms.
This impedance is negligible if a high-impedance
amplifier follows the multiplexer. Such a circuit is
easily affected with a FET input storage.

When MOS-FETSs are used as the analog switch-
es, the decoupling diodes and source return re-
sistors are unnecessary, as there is no possibility
of drawing gate current. The substrate, however,
must be biased below the maximum peak negative
input signal. Observe that I,.rr), while flowing
from drain to substrate rather than from drain to
gate, is not necessarily lower than with the FET.
The real advantage of the MOS in switching cir-
cuits lies in the ease of coupling switching wave-
forms without the need for clamping at V,;.=0.

FET performance as an analog switch hinges
on only a few parameters. These are 7o),
Iporr, V(}S(OI"F); ngs and C(lgs- The effect of each
of these characteristics may be seen from the ON
and OFF equivalent circuits of Fig. 1b.

Interelectrode capacitances limit speed

The capacitances between drain and gate and
source and gate tend to couple switching transi-
ents to the signal line and limit switching speed.
Cays and Cy,s should therefore be as low as possible.
The OFF drain current of all the OFF gates flows

May 24, 1966

Prescription for design: Author Sherwin pencils out ap-
plication-oriented FET parameter guidelines.

Voo Voo
Ry Sl LR e
ouT ouT
IN IN
S e g 1

3. Digital switching circuits may use either a FET (a) or
MOS (b). The MOS is preferable because of easier cou-
pling requirements and the option of normally-OFF or
normally-ON structures.

through 74500 of the ON gate to ground via the
signal source. It is therefore desirable that both
Iporr and Taony be small. Vggorr is important
because its value determines the magnitude of
signal level required to gate the FET OFF. The
ideal FET analog switch would exhibit very small
values of all of the above listed characteristics.
Analog gate performance may be determined by
referring to the 8-channel (N=8) multiplexer of
Fig. 2. Assume that the leakage current and C;, of
the amplifier, and Rs are all negligible. The FET
characteristics are as follows: 745 on) <200 Q, I 0rr)
<3 nA at 85°C and C4: = Cys <3 pF. The de-
sign and performance can be summarized as fol-
lows:
1. System accuracy is dependent on the ratio of
Tasomy t0 amplifier input resistance and on the dc
offset due to OFF channel current I,z flowing
through 74som. If max 74s0m is 200 Q, the multi-
plexer transfer accuracy is 1/10% or better if
the amplifier R;,>200 kQ.
2. The dc offset voltage is <[N—1] [Ipwrm]
[74scomy]. This is equal to 4.2 uV at 85°C. It repre-
sents a temperature-sensitive error of less than
1/10% of a 5-mV signal.
3. Commutating speed is determined by the re-
sponse time to a change in input signal level. The
input time constant is
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T = [rascom] [N] [Caps] = 4.8 ns. (1)

Note that in a complete design the effects of finite
generator resistance and amplifier input capaci-
tance must be included.

MOS is superior for digital switching

A typical FET digital switching circuit is the
shunt switch (Fig. 3) used in computer logic sys-
tems. The important device characteristics here
are Tpscon), Vascorr) (0 Vgseny) and toy + topp.

Although FETs find applications as digital
switches, the MOS will be more widely used in dig-
ital computers because of the ease of coupling con-
trol waveforms and the choise of normally-OFF or
normally-ON structures offered by the MOS.

The best-bet device for digital switching is the
enhancement MOS with a low 7ps0x and a low
total (toy+torr) switching time. Vg must be
several volts greater than the product of 7,500
and I,y to ensure a margin of noise stability.
Parameter 7,50y, differs from 74, as indicated
in Fig. 4. Whereas 74:0n 1S a small-signal meas-
urement at a fixed Vs with Vps=0, roson) is a de
measurement at a specified I, and Vs The values
of 7pscowy and 740n May be equal if I, and Vg
are specified as a point on the steep slope of the
I,— Vs characteristic. Then, 70 is the limiting
value of 7,50y and normal circuit operation places
Vsow in the so-called triode region (point A on
Fig. 4). In any event, switching time (toy+torr)
is the sum total of %,ise~tacraycon) + a1+ Lactayorns

-24

0.2v

0.4v

0.6V

0.8v

.oV

1.2V

\

\ 1.6V
0 Lot
-5 -10 Voo =15 -20 -25 -30
Vps v) BV
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o

4. Devices for digital switching applications should have
low values of rpgoy) and a short switching time (ton+
torr). Note that rpgon) iS @ dc measurement whereas
Fas(on) IS @ small-signal parameter. ry, ,,, may be the limit-
ing value of ryg oy, under triode operation (Point A).
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and may be as low as tens of nanosecon@s. In an
actual switching-circuit design, I, 18 (.1eter-
mined largely by the selected V,, and E;, using

Voo
B, + Ths0m

The step-by-step design procedure for field-ef-
fect (MOS-type) digital switching circuits is as
follows:

Let us assume we have an MOS device
with the following characteristics—BVpss = 30
VOltS, V(;s(”,) = 5-0-8.0 VOltS, Ciss <6 pF, T ps(oN)
<200 Q at VDS = S0y and VGS(ON) = 19() N, and,
Toscony <1000 Q at Vgsoyy = 12 v.

1. Determine Vst and Vgsony of the MOS.

2. Select V,p>max Vissown. This is necessary to
ensure provision of adequate turn-on voltage to
the following stage. Visoy) is somewhat arbitrary,
and is largely determined by the 7,50y required
for adequate fan-out, switching speed and stability
margin. Let us say Vyp = 25 v. For 7psox) = 200 Q
and a fan-out (F.0.) of five, the switching T is
given by (7oscov)) (F.0.) (Ciss) = (200) (5)
(6 x10-?2) = 6.0 ns.

3. Select R, large enough for the R, load line
plotted on the output characteristics to intersect
the Vascon) (<Vop) line on the steeply rising por-
tion at VDS(ON) <V(,'S(th) (min), say 2.0 v V[)[)
should exceed Vgsox) only by the required margin
of stability, otherwise R, will be larger than nec-

(2)

Ipom =

essary. Here, R, is given by Vo, Voscon)/
I_D{ON) = 470 Q.
Ce
g
LAY
%cs Y
==
Vo
SOURCE |
|
l >
25 I Go= 3
] ! AL
: Rp Re
1

5. A FET RC-coupled amplifier (a) may be considered
as a general purpose (f<1l MHz) type. The equivalent
circuit appears in (b). FETs are superior to bipolars
here because of their lower intermodulation distortion
products.
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4. Fall time is limited by the product of 7pswow)
and the load capacity. Rise time is similarly lim-
ited by R, and the load capacity. Here, fall time,
t; equals switching time T (see item 2 above) and
the rise time i, — (R;) (F.0)): (€)= 14.0'ns.
With the MOS, the delay time (¢;) is usually less
than a nanosecond—it can therefore be neglected.

Less distortion in FET amplifiers

By arbitrary definition, the general-purpose am-
plifier operates at frequencies below 1 MHz. The
RC-coupled amplifier circuit of Fig. 5 is then ap-
plicable. The important de¢ FET parameters re-
quired for complete circuit design are I,y and
Vesorm. The small-signal ac parameters of inter-
.eSt are gfsy gosa, Cias and Cres-

The FET is superior to the bipolar transistor
here in that it exhibits lower values of intermodu-
lation distortion. This is because the FET square-
law transfer characteristic produces only second-
order distortion products, while the bipolar tran-
sistor’s exponential transfer curve generates very
high orders of distortion products. Low-frequeney
stage gain may be determined from (Fig. 5b) as

_gfa O1s
=0 =7 3
Av Goss S GO GO ( )

If Rg is unbypassed, then

- _n (4)
C G ol Ops sl RsGo (goss + gfs)
Note that A, ~ — ¢:/Go(1+Rs9ss)

In the special case of the common-drain amplifier
(source-follower) of Fig. 6, the gain function is

gfs . Urs
A = ~ 53
P e GG gl Gs+GL+gfs()

To produce maximum gain with this amplifier, a
high value of g, and a low value of g,s;; are de-
sired. Usually, ¢.ss is so small (typically, g,.s~
0.01 g;,) that it can be ignored in gain calcula-
tions. As operating frequency increases, circuit
capacitances begin to affect both the gain and
phase response of the circuit. Then, C;;; and C,;
should be as small as possible to obtain the great-
est bandwidth. As the effect of C,; is a function
of stage gain, C,, is often more important than

Because FET data sheets usually indicate a two-
or three-to-one spread in characteristics, choice of
a dc operating point should receive special at-
tention. A bias point, or the bias resistor R, must
be selected to suit any device within specifi-
cations. To accomplish this, it is almost essential
to have both minimum and maximum trans-
fer curves, as in Fig. Ta. If data sheets
do not include this information, it is possible
to determine it from the manufacturer’s speci-

fied values of Ipssimarr, Vescorrymass Ipssiminy,s
Vescorrymin, and, the relationship:
174 2
I, = I [1 i€ %] . (6)
GS(OFF)
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6. The source-follower is still another version (a) of a FET
general-purpose amplifier. Here the key parameters are
high g;, and low g... The equivalent circuit (b) shows
that the C,,, and C,,, values should be minimal for
greatest bandwidth,

MAX |DSJ
Vps = CONSTANT
)
Rg=IK
MIN Ipss Re=3K
b ~Vss 0 MIN Ves(orrF) MAX Vgs(orr) +
Ves
MAX Ipss
o
Rs ~Rs
®
l --------
D
i
1
|
{ = PEAK vgq
PEAK ejq * MAX V
(Rg UNBYPASSED) ‘65 MAX Vos oA0EE) Ves

7. Minimum and maximum transfer curves (a) are needed
to determine the bias point in FET amplifiers. The trans-
fer curve is also used in a construction procedure for
establishing the value of Ry, (b).
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who said
plugwires

can’t be
interchangeable
between
systems?

--Q.‘

MAC Panel’s
series 140 are!

MAC Panel's new Series 140 Plugwires are inter-
changeable with most existing systems. Another
important engineering feature is the Ball-D-Tent
design. It prevents accidental dislodging of the
plugwires, and yet provides closely controlled ex-
traction forces.Won't mar insert surface, either.

The complete line of Series 140 Plugwires is avail-
able in color-coded lengths ranging from 5 to 35
inches, and is available with Gold or Nickel plating
in the following types:

GOLD PLATED 140 WIRES

Manual Single Conductor Manual Dual Conductor
Stack Plugs Manual Single Conductor Shielded
Manual 3 Pin Common Two Conductor Shielded
Manual 4 Pin Common Three Conductor Shielded
Manual 6 Pin Common Four Conductor Shielded

NICKEL PLATED 140 WIRES

Manual Single Conductor
Stack Plugs
Manual 3 Pin Common

Manual 4 Pin Common
Manual 6 Pin Common
Manual Dual Conductor

ORDER NOW... AVAILABLE FOR
IMMEDIATE DELIVERY

MBI

0.E.M. DIVISION

MAC PANEL CO. High Point,N.C.
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8. With two power supplies (a), the difference between
byoaixy @nd Iy uaxy is lessened. When the FET output
characteristic (b) is available, the value of R, is quickly
and easily determined. Note that in the absence of this
plot, Fig. 7b may be used for constructing a value of R;,.

Bypass makes a difference

A straight line drawn from the origin in the
first quadrant and crossing both curves represents
the R load line. The operating point will be on
this load line somewhere between the minimum
and maximum transfer curves. If R is bypassed,
a signal at the gate has the effect of translating
the R line horizontally along the Vs axis by an
amount equal to the applied signal. If R is by-
passed, the operating point merely swings about
the R intercept with the transfer curve by an
amount equal to the instantaneous signal level
(see Fig. Tb).

With this pair of curves and a known sig-
nal level, it becomes fairly simple to establish
a value of Ry sufficient to provide a suitable
operating bias for any device within the full
range of specifications. Once the value of Ry is
chosen, minimum and maximum 7, may be found
from the Ry intercepts with the two curves. The
difference between I,y and I,.xy may be de-
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FET Specification Parameters

Test condi- Test condi-
tions (must tions (must
Parameter be specified) Meaning of specification Parameter be specified) Meaning of specification
less Vas Gate-channel leakage with Fas om Ves Drain-to-source resistance
Vos=0 Vos = 0. This represents Vos = 0 or Is when biased to full ON con-
total gate leakage current at frequency dition (max operating Iv).
a point below breakdown k
voltage (Fig. 3) Specified at |ges| Magnitude of common-source
15 to 1 times the minimum forward transfer conduc-
specified BVass. When speci- $HCS. SaE o Y. Vb MaRRs;
fied at min BVess, loss may tude signs, are omitted. This
replace the BVass specifica- is perhaps a more informa-
tion in that luss is <l in the Sive: termithan ye AL Tkiiz,
BVass specification. yrs =~ gr.. However, at high
frequencies y:s includes the
Inss Vos Drain saturation current, the effect of gate-drain capacity,
Ves = 0 value of |I» measured above hence may be misleadingly
the knee of the Vos-Io charac- high. The term g:s should
teristic curve, where Vs F be used for all high-frequen-
Ve (Fig. 1). loss is actually cy measurements.
defined as I at the Vus re- gn Mutual conductance. Some-
quired for channel pinch-off times used in lieu of g
when the two gate-channel- :
junction depletion regions giss Common-source input con-
meet near the drain.® Ves Vs ductance with output short-
must be zero. At this point Ves ed. This must be specified
I is self-limiting, and any Vas =0 for high-frequency applica-
increase in Vos causes only frequency  tions as gis*1/w".
slight increase in .7 In s . .
Type-C MOS devices, s is | itieneawit Taput. Shorted
essentially the drain-sub- . i
strate leakage plus any resi- Cias Common-source input capac-
dual drain-source channel Vos itance, output shorted. Ci..
current. Ves 0 :Cdk+Cgs. (Flg 6)
Vas = -
Incom Vos Drain current under specified G frequency Same as Cixs if va.=0.
Vas bias conditions. Specified for Ceus Same as Cis.
Type-B and Type-C MOS de- Ceax Reverse transfer capaci-
vices asda max intended op- xns tance, input shorted.
erating drain current when 68
Ves is biased for max chan- Qo Ves =0 Same as Ces.
nel conduction. Cas frequency Same ?5 Crss, actua_l value
; 5 v P A y of drain-gate capacitance.
b ps OF Voa rain-source current under
Vs certain specified operating Coss Common-source output ca-
conditions. pacitance, input shorted. Coss
Vs =Crss+Cas. However, Cu. is
Inorm Vs Drain-gate leakage current Vas essentially header capaci-
Ves with Vs > Vasorm. This Ves=0 tance.
represents the drain current Ci: frequency  gime as Cou if Ve
observed in an analog-gate c S c
circuit which has been bi- e S RS e
ased to the OFF state. Inwowm Coes Vs Source-to-gate  capacitance,
is slightly lower than Inco Ves gate and drain shorted. Cics
(Flg. 73). le;=0 =Cus+Cdu.
frequency
Vesorm Vos Gate cut-off voltage. Gate- |
15 source voltage required to taerayom Vs Delay time before turn on
cut-off channel current (Fig. Inom when pulsed from OFF to
5b). Vezom ON condition.
‘ - 3 Vasorm Fall time when pulsed from
Ve Pinch-off voltage, inter- s Test circuit OFF to ON condi%ion.
changeable with Vesorm. Pulse rate
taetayorn Delay time before turn off
Vescn Vs Gate-threshold voltage. Gate- '"C%L;tr;’é’tljf when pulsed from ON to OFF
lo source voltage required to e condition
initiate channel conduction in istics DO g
Type-C MOS devices (Fig. s Oscilloscope Rise time when pulsed from
5b). character- ON to OFF condition.
t istics t t
Vas Vos Gate-source voltage at any e 117U at ey
Io given operating point. tors trisettaerayotn.
Ios©om I Static drain-source resist-
Vos &/or ance when biased to full ON
Vas condition (maximum oper-
ating In).
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creased if a source-supply voltage is available (see
Fig. 8a). If this is the case, the Rs load line
originates not at the origin, but on the Vs axis
at the value of the source-supply voltage Vgs.

Once I,ax is determined from the preceding
exercise, a maximum value of R, may be estab-
lished. It is assumed maximum gain is desired at
a low level of distortion, and signal level and V),
are known. If a plot of FET output characteristics
(Fig. 8b) is available for the maximum specified
device, the choice of R, is easily seen. However,
the exercise may be completed from Fig. 7 alone
by the following procedure:

Step-by-step amplifier design

1. Find Vgsaay from the R intercept with the
maximum transfer curve of Fig. Th.
2. Subtract the peak signal from Vigsuax) and
assume Rg bypassed to find Vgg*.
3. Enter the graph at V.* and determine I,*
from the curve at that value of V¢*. This is the
maximum I, to be found under combined condition
of maximum signal on the maximum specified
device.
4. Knowing that V¢ should not fall below the
knee of the output characteristic curve of Fig. 8b,
a minimum value of V,¢ may be found for I,*.
Or, a value equal to or greater than Vsorrmas
may be selected for good measure.
5. Using the minimum value of V,¢* selected, the
maximum allowable R, may be found from
Vi, — Vee — Vos'
y HBe e : (7)
D

The assumption here was that Ry was bypassed.
If Rg is unbypassed, I,* is determined not by sub-
tracting the peak signal from Vigsuax, but by
translating the Ry line to the left by an amount
equal to the peak signal. I,* is then the intercept
of the translated Rg line with the transfer curve.
Stage gain may be determined from Eqs. 3 or 4
if g, can be determined at the operating point.
Min and max g;; may be determined from the
curves of Fig. 9, if they are supplied. The R
intercepts with the minimum and maximum trans-
fer curves establish Vegaryy and Vesaray). Entering
the ¢;-Ver minimum and maximum curves at
these points, the gssominy aNd grsmary may be found
directly. There is only a slight difference between
g7 minimum and its maximum value if Ry is
large. If these curves are not available, an ap-
proximation may be made from

i vV,
DSS [l_V GS ] (8)

gfs i
VGS( OFF) GS(OFF)

R

Using the general-purpose FET amplifier as a
basic building block, we will proceed to special-
purpose amplifiers, (low-noise and high-frequency
types) in Part 2 of this article. = =

Reference:

M. M. Shipley, “Analog Switching Circuits Using
FETs,” Electronics, Dec., 1964, p. 45.

+1

Ty =25°C

Vps==5v
\ f=1KHz
I
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\ lpss (max) UNIT
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e 1\ s 7 \\
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Ve(ming Ve (max)

loss | | o i

max ¢ I
|
]

Rs

|
|
|
s \J, =
v
/>< Jv(mm \W)

Ves

9. The relationship between |, and g;. as functions of
Vgs are used in calculations of gain in FET amplifiers.
Minimum and maximum values of g, are established by
a construction procedure based on r, intercepts.
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Phased arrays vie with other radars, thanks
to efficient and economical phase shifters. Up to
5 kW peak power, diode types are preferred.

Many excellent phased-array radar designs
have never left the drawing board because of
skyrocketing costs and weight. Their phase-shift-
ers have been too lossy and too heavy. Now the
picture is changing rapidly. Reciprocal digital
phase-shifters, with the help of either pin diodes
or ferrites, are making these arrays competitive
and practical.

The digital mode of operation provides phase
shifts in incremental binary steps upon command.
Only the two end points of the capacitance-vs-
voltage curve are used. Besides being able to
work directly with a digital computer, the device
eliminates variations from diode to diode by the
proper bias at the two points.

The design of diode types, preferred to ferrites
at power levels up to about 5kW peak in L, S and
C bands, should aim for low insertion loss and high
power-handling ability, with low switching pow-
ers. These points require careful consideration of
the design approach and, in particular, careful
choice of the diode. Much depends on the diode be-
cause the changes in its capacitance with voltage
yield the phase shift.

Two states of diode shift the phase

A simple equivalent circuit of the diode is
shown in Fig. 1a. The diode consists essentially of
a three-layer pin material.

When a forward voltage is applied, the capaci-
tance approaches infinity, and the diode resembles
a simple series resistance. With negative bias, the
capacitance is reduced to a minimum value, and
the diode is represented as a series resistance-
capacitance combination.

To evaluate the diode, a quality factor, @, may
be used. @ relates the insertion loss of the phase-
shifter to the impedance of the diode in the two
states: a high @ means low insertion loss. Q is
defined as:

1l

2nf,C;VR,R,

Q

where
f, = frequency at which @ is defined,
C; = junction capacitance at reverse bias,
R, = series resistance at forward bias, and
R, = series resistance at reverse bias.
The peak inverse voltage (PIV) breakdown

Gerard L. Hanley, research section head, Microwave En-
gineering Dept., Sperry Gyroscope, L. I, N. Y.
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rating of the diode limits the maximum value of
instantaneous RF voltage that can be applied
across the diode junction. The peak RF voltage is
equal to the PIV rating minus the bias voltage.

The amount of current that can flow through
the diode junction, when it is forward-biased,
depends upon the @ of the diode, the transient
thermal impedance and the permissible junction
temperature rise.

The transient thermal impedance relates the
temperature change of the diode, per watt dissi-
pated, to the length of time during which the
incident power is applied. The diode’s thermal
time constant, - (the time at which the transient
thermal impedance is 63% of its final value),
should be determined. In all pin diodes tested to
date, = is approximately 300 pus.

The permissible temperature rise in the junc-
tion is not a well defined value. The average power
limitation of a diode is set by a maximum tempera-
ture rise of 50°C.

The design goals of these phase-shifters are
twofold: (1) maximum power-handling and (2)
low insertion loss. The first requirement means
that the voltage should be as large as possible, V,,
when the diode is back-biased, and the current
should be as large as possible, I,, during for-
ward bias. These values can occur only at
one impedance level, called the switching im-
pedance, Z,, which is equal to V,,/I,.. The second
requirement means that the diode should be
matched in both states to the transmission line
with an impedance of Z,. In the case of an ideal
design, V,, and I,, can be so selected that Z,, be-

(=) VOLTAGE (+)

1. Equivalent circuit of a pin diode reduces to a series
resistance and capacitance (a). The impedance of the
intrinsic region changes with the voltage applied across
the diode (b), but capacitance-changes yield the phase
shift.

ELECTRONIC DESIGN



comes equal to Z,.

There are two basic designs for digital diode
phase-shifters. The first uses the change in the
reflection coefficient of a diode mounted at the end
of a transmission line. The second uses the change
in the transmission coefficient of a diode mounted
across a transmission line and is called a loaded-
line phase-shifter. Since the diodes are placed a
quarter wavelength apart in the latter
configuration, it resembles a periodically loaded
line. Both approaches are combined in the phase-
shifter shown in Fig. 2.

Convert one-port diode to two-port network

The reflection-coefficient design requires the
conversion of a basic one-port device to a two-port
network, to obtain a transmission phase shift. One
way is to use a three-port ferrite circulator (Fig.
3). In the figure, the two bias states of the diodes
are denoted by the subscript ¢ = 1, 2. The output
of the network in Fig. 3 is:

Viiie — Voutr = rz] L85 — |P11 £ 05, (2)
where T, and T, are the reflection coefficients of the
diode for its two states. If the magnitude of im-
pedances of the diode in the two states are equal,
then |Ty| becomes equal to |T.| and the voltage will
be shifted by an angle A¢ = 6. — 6,. Here large T
indicates a large reflected, or output, power and
little dissipation.

An alternative technique is to terminate the bi-
conjugate arms of a 3-dB directional coupler with
identical diodes and matching networks. (Fig. 4).

The 90° phase characteristic of the 3-dB cou-
pler combines the reflected power from the bi-
conjugate ports in the output port. The phase
relationships for such a one-port-to-two-port
conversion scheme are shown in Fig. 4. All line
lengths are assumed to be zero, which introduces
no error, since the line lengths are common to both
bias states of the diode. With a lossless coupler,
the insertion loss can be expressed in terms of
reflection coefficient of the diode and of the match-
ing network:

2

s (3)

out

loss = V—i,,

loss = 20 log |T;| (dB),

where ¢ is again a running variable, representing
the two bias states.

Shunt inductance to yield needed phase shift

To obtain the required phase shift, the simplest
approach is to shunt the diode with an inductance
(Fig. 5). For an ideal diode, this inductance would
be coupled to the network when the diode is re-
verse-biased; when the diode is forward-biased,
the inductance would be decoupled, making it neg-
ligible in comparison to R;. Decoupling does not
affect the short-circuit or forward-bias state of
the diodes for various amounts of phase shifts
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2. Typical 5-bit diode phase-shifter combines both the
transmission and reflective methods for low coupler
losses.

Vour

o

Vin

Ir| /6

3. With the reflection-coefficient design approach, the
diode is converted to a two-terminal network by a 3-port
ferrite circulator. The subscript i is a variable, for the two
states of the diode.

V,
IN —= 07V, /45°

| <«— o7|rjv,, /45°+8

X

—> 07V, /135°
- 0TV |r‘i| 5135°+9.

Vour=05|T;| Vi /135°+, +45°+05|I;|v, /45°+6;+135°

=|Tj| iy /180°+6;

|l 6

ITi 6

4. Alternate conversion of the diode to a two-port network
with a 3-dB directional coupler gives rise to errors caused
by the finite directivity of the coupler.

FORWARD BIAS REVERSE BIAS 6= w2C2R,

5. Simplest matching network is a shunt inductance that
becomes negligible during forward dias. During reverse
bias, it parallel-tunes the diode and adjusts the phase
shift, by reducing the voltage across the diode.
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6. Impedance plot of an ideal diode and its inductive
matching network shows 90° (points A’B) and 45°
(points A’C) phase shifts. Points AA’ represent the com-

(bit sizes), which means that the same current will
flow through the diode regardless of the phase
shift obtained. On the other hand, the voltage
across the diode, when reverse-biased, will be re-
duced in proportion to sin (¢/2) (Fig. 6). The
incident voltage is the line OA’ and the reflected
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bined impedances of the diode and the inductance. (A is
exactly below A’, at 0.25+4-j0).

where 7 is the number of phase bits.

The loss for the circuit in Fig. 5 may be found
by considering the input reflection coefficient or
the input voltage standing-wave ratio (vswr).
During forward bias:

voltage is the line OB. The total voltage, V,, of B é (6)
the diode is the sum of the incident and reflected R,
voltages, A’B. It is related to the difference in the ; s
reflection coefficients as: and during reverse bias:
. 02 o 01 Yn

V,= 2V, sin R (4) VSWI = G (7)
where 6., is the angle of the incident voltage and where
9, is the angle of the reflected voltage. The reflec- Z, = characteristic impedance of transmission
tive losses for the reverse-biased diode are then line,

proportional to sin?[(4.—4,)/2].

Since the losses for the forward-biased diode
are independent of the phase shift (bit size),
(i.e., the current remains the same), the forward
loss of an m-bit phase-shifter is just »n times the
loss of the 180° phase bit. Thus the average loss
of both states of an n-bit shifter can be expressed
as:

n 180
n+ gsmz oF
(loss), = (loss) g X TR Sl Lk (5)

48

Y, = characteristic admittance, and
G, = equivalent parallel conductance of reverse-
biased diode.
For equal vswr’s:

Z, ¥, e
w*C*R,°
Note that Y,=1/Z,. Solving for Z,, we find that:

R
-_— f
Z,= X N5

r

(8)

(9)
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7. Impedace plot of an ideal quarter-wave transformer.
The impedance points of the diode (AA”) must be trans-
ferred to +j1, respectively. This transformation reduces

The optimum value of vswr is found by sub-
stituting Eq. 9 into Eq. 6:
Xt
= VSWE = V= ————
A E, "B, 4CVR,R,
If Eq. 10 is compared with Eq. 1, it is clear
that the value of p is identical to the @ of the
diode.
The insertion loss is simply determined by re-
lating the vswr to the reflection coefficient:

(10)

o=l
IT'| = g (11)
loss = 10 log |T|*(dB). (12)

Eq. 12 can be expanded by assuming that , is

May 24, 1966
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=

the insertion loss by providing equal impedances for the
two states of the diode.

much greater than 1:

[

TS e
Eq. 13 can be rewritten and simplified by using
the expanion of log . (1 + z) and converting the
result to logy,:

2

r 1+=.
)

IR

(13)

TOSE = dB.

1732
5 (14)
However, an inductance that shunts the diode

does not provide means to adjust the reflection

coefficients of the forward- and backward-biased
states. An ideal transformer that decouples the
current as well as the voltage is a good solution.
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At microwave frequencies, transforming is best
performed by quarter-wavelength transformers
(see Fig. 7). The impedance points A” and A must
be transformed to the impedance points +j1 and
—j1, respectively, by transferring the diode’s im-
pedance at a reference plane one-eighth wave-
length in front of the diode. The input impedances
for the two states of the diode at this plane are
conjugates of each other, and any impedance
transformation will operate on both values identi-
cally. Therefore, the magnitude of the reflection
coefficient for the two states of the diode also
remains the same. It is related to the reflection
coefficient of the 180° bit by sin(A¢/2). The av-
erage losses in this case can be expressed as:

180

DS

| as

The comparison of Eqgs. 5 and 15 shows that the
symmetrical decoupling results in the lower av-
erage insertion loss.

The transformation ratio, a2, of the ideal trans-
former will determine the required phase-bit size.
For example, a combination of an ideal diode that
produces a 180° phase bit and an ideal trans-
former in which a*=0.414 results in a 90-deg
phase bit, as shown by the points C—C’ in Fig. 7.

The general expression for determining the
value of the transformer ratio is given by:

a®* = tan (A¢) /4.

The frequency sensitivity of the phase bit is
determined by the sensitivity of the quarter-wave-
length transformer and the diode-matching net-
work. For a typical diode, including its parastic
elements, the phase deviations of +2.6°, +1.6°
and +0.4° for the 180°, 90°, and 45° bits, re-
spectively, were calculated for a 10% frequency
band. For wider bandwidths, multiple-section
quarter-wavelength transformers must be used.

(loss), = (loss) g X [21) sin

Two states provide matching reactances

The loaded-line technique for obtaining a trans-
mission phase shift can be explained by consid-
ering an elemental section that contains only two
reactances (separated by a quarter wavelength)
shunted across a transmission line. The equivalent
circuit of this network is shown in Fig 8. The
two states of the diode are used to obtain the
required values of the +jBs. The magnitude of B
and the characteristic admittance Y, are related to
the amount of required phase shift:

Y, = sec i,
3 (16)
B =Y tan —:

g 2

For an ideal diode, the value of =+jB can be
realized by a one-eighth-wavelength line and an
ideal transformer. This line is used because the
slopes dB/dw of the input admittance of the stub
are identical for both diode bias states. Since the
normalized admittance of a one-eighth-wave-
length line, terminated in a short or open circuit,
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8. Loaded-line design involves the consideration of an
elemental section of two reactances. The two states of the
diode yield the needed values of —+jB.

is +j1, the magnitude of B determines the re-
quired transformer ratio. The voltage transmission
coefficient, 7', and the voltage reflection coefficient,
I, can be found from a 2 x 2 matrix representation
of the circuit:

2
B W R

_A+B-C-D
A IR RGN )

The two states of the diode result in different
values for the matrix elements 4, B, C, and D. The
transmission phase 'and vswr, as a function of
frequency, are shown in Fig. 9. The slopes of the
transmission phase for both states of the diode are
equal over a reasonably wide frequency range. This
results in a phase shift almost independent of
frequency.

The limitation of the loaded-line approach is the
vswr. Since a number of these sections are re-
quired to obtain larger phase shifts, the interac-
tion of the vswrs will distort the over-all response.
For wider bandwidths and lower vswrs, we can
increase the number of sections to obtain the same
phase shift. This approach works well because the
loaded line can be visualized as a low- or high-pass
filter for the two bias states, and standard filter
techniques can reduce the vswr in their respective
pass bands.

The phase variations and the vswrs in a 10%
frequency band for an 11-diode 11-stub, 4-bit
phase-shifter are shown in Table 1. If no care is
taken in coupling the various phase bits, the maxi-
mum vswr would be only 1.33.

The insertion loss and power-handling capabili-
ty of the loaded-line design are limited by the
diode characteristics in the same manner as in the
reflective phase-shifter. All the equations derived
previously are applicable to this design technique.

i

17)
r

Power-handling capacity is limited

The power-handling capability of a diode phase-
shifter is given by the rms current and voltage
ratings of the diode I,, and V,., When both rat-
ings are reached simultaneously, the maximum
safe power level of the phase-shifter is obtained.
A simple and very useful expression has been
derived, in which the maximum peak power is
related to the diode rating and to the value of
phase shift desired :?

ELECTRONIC DESIGN



V. 1.
(18)

" 4sinA¢ /2’
where n is the number of diodes used and A¢ is
the size of phase shift.

The power handling capacity can be increased
by either reducing A¢ or increasing n. Diodes
with peak inverse breakdown voltages of —1000 V
and maximum forward peak currents of 31 A
will be used to calculate the maximum RF
power levels that diode phase-shifters can safely
handle. (The 31-A rating is based upon a junction
temperature rise of 50°C for a typical diode at
1300 MHz.) This value will decrease as the fre-
quency of operation increases because the Q of the
diode varies inversely with frequency. Thus the
loss or the power dissipated in the diode will
increase with frequency (Fig. 10). The curve will
have the same shape for all frequencies. For a 40-
kW peak-power capability, the maximum phase
shift for each pair of diodes is 22.5°. Thus eight
pairs of diodes would be required to obtain 180°.
It must be realized however, that no safety factors
are included in the calculation.

The maximum permissible incident power may
be found by assuming ideal performance for the
two states. An ideal diode, when forward-biased,
presents a short-circuit termination at the end of
a transmission line. Thus the current through the
diode is twice the incident current. Similarly,
when the ideal diode is reverse-biased, it appears
as an open circuit and the voltage across the diode
is twice the incident voltage. Thus the maximum
power is:

VdId
.
The average power limitation of the diode is

determined by the peak power, the duty cycle, and
the signal waveform. When the pulse repetition
frequency is such that the spacing between pulses
is greater than 4 -, then the average power
limitation is determined by a single pulse.

For some applications, pulse bursts are useful.
However, in these cases, the spacing between the
pulses in the burst is less than one time constant
and the diode does not have time to cool off before
the next pulse is applied. To calculate this effect, it
is necessary to determine the transient thermal
impedance of the diode junction and mount.?

A graphical solution for a train of pulses is
shown in Fig. 11. The junction temperature can
also be evaluated by considering the average
power of the pulse burst to be the amplitude of a
single pulse whose width is equal to the length of
the pulse burst (see broken line). However, a
small error, approximately equal to one half the
temperature rise of one pulse of the pulse burst is
introduced.

P=V,xI~=

(19)

Experimental results agree with prediction

Phase-shifters have been designed in the fre-
quency range from 1200 to 6000 MHz. The experi-
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Theoretical response

Phase-bit No. of Phase
size diodes variation VSWR
(deg) (per bit) (deg) (max)
180 4 =195 1.10
90 3 =057 1.05
45 2 +0.5 1.10
22.5 2 +0.25 1.05
125 T
OPEN /
CIRCUITED
STUB
120 // /
g ! /
> ‘ :
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2 Lo 8
b
105
10 /
30 300 290 280 270 260 250 240 230
INSERTION PHASE SHIFT (deg)
O]
1.50
1.40
1.30
% Af=20% /
120 P
110 /
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9. Important characteristics of a typical two-stub 45°
phase-shifter include the insertion phase shift (a) and the
vswr (b). The slopes of the phase curves remain the same
for both states over a wide range, resulting in a phase
shift that is almost independent of frequency.

150 —

120 —

o0 -

60 -

PEAK POWER (kW)

30—

5 l | | | |
(o] 11.25 22.50 45.00
PHASE SHIFT (DEG)
10. Peak power-handling ability of a pair of diodes de-
creases with the phase-bit size. The curve was plotted
with diodes having a V,, of 1000 V and an |, of 31 A.
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11. In pulse-burst applications, the diode has no time to
cool off between the pulses. Therefore the junction tem-
perature rises, as shown by the ragged line.

mental results agree closely with the predicted
values determined by the preceding theory. The
main source of error arises from the inability to
realize an ideal 3-dB coupler with infinite directiv-
ity. The finite directivity results in an unexpected-
ly large frequency deviation. Couplers with direc-
tivity greater than 30 dB are satisfactory and
introduce only small errors.

A typical 5-bit phase-shifter uses both the
reflective and transmission type of design to
eliminate the coupler losses for the two smallest
phase bits. Printed-circuit stripline techniques
minimize size, weight, and cost. The 3-dB couplers
were quarter-wavelength parallel-line couplers.?
Two 750-V breakdown diodes in parallel are used
per mount in the larger bits to permit the use of a
lower characteristic impedance level, which is
required for higher peak power capability. The
phase-shifter has an average loss of 1.15 dB and a
vswr of 1.20. Its peak power rating is 5 kW, with
a 50-W average rating. Its weight is 6 ounces.

By increasing the number of diodes, diode
phase-shifters are feasible for power levels of 100
kW, although those of more than 10 kW may not
be practical because of the large number of diodes
needed. Insertion losses of 1 dB are obtainable up
to C-band frequencies with the diodes available
today. The cutoff frequencies of these diodes
presently range up to 400 MHz, and values ap-
proaching 1000 MHz do not seem unreasonable.
With such diodes, low-loss phase-shifter designs
for frequencies up to 16 GHz are possible. = =
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STRIS CMART BECONDES
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« Input modules provide special purpose capabilities

© Mainframe available with one or two pen flexibility

» 12 instantly selected chart speeds, 1in/hr-2 in/sec

o Half-second response time

o Chart tilts in three positions for easy viewing and notation

o Easy chart loading, tear off or storage, paper supply indicator
o All solid-state circuitry

» Rack-mount, metric models available

The basic mainframe of the 7100B (two pens) and
7101B (one pen) provides 10” strip-chart recording
capabilities. Each channel accepts any of the wide vari-
ety of input modules which determine the electrical span
or special-purpose recording capability.

Features offered, in addition to those above, include
event markers, electric pen-lift and chart drive start-
stop—all remotely controlled. Retransmitting potenti-
ometers, adjustable high-low limit switches on both
channels and remote 10-1 speed changers are also
available.

Standard input modules (more to come) offer multiple
span ranges, high input resistance (1 meg at null), high
cmr and floating inputs to 500 v above ground. Model
17500A has 10 calibrated spans 5 mv-100 v full scale;
Model 17501A has 16 calibrated spans 1 mv-100 v full

scale. Variable span and full scale zero controls are
provided. Model 17502A, a temperature input module
with automatically compensated reference junction,
linearizes recorder presentation with standard paper.
Additional low-cost single range input modules (Model
17503A, 1 mv input with filter; Model 17504A,5 mv-100v
with plug-in range cards) are also available:

Model 7100B 2-pen Recorder, $1300
Model 7101B 1-pen Recorder, $1000

Model 17500A Input Module, $250
Model 17501A Input Module, $350
Model 17502A Input Module, $250
Model 17503A Input Module, $250
Model 17504A Input Module, $200

Ask your Hewlett-Packard field engineer for a demon-
stration or write for complete information to Hewlett-
Packard, Palo Alto, Calif. 94304, Tel. (415) 326-7000;
Europe: 54 Route des Acacias, Geneva.

Data subject to change without notice.
Prices f.0.b. factory.

HEWLETT B
PACKARD |

MOSELEY
DIVISION

ON READER-SERVICE CARD CIRCLE 20
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Keep sampled-data systems accurate
with this technique for sensing common-mode error
voltages and compensating for their effects.

Modern sampled-data test systems are ordinari-
Iy highly accurate, but false data can result from
common-mode voltages. These voltages are gener-
ated by potential differences between power-
supply grounds and by inductive noise pickups on
long signal-return leads. It would be nice just to
eliminate the source of the error, but it isn’t
always practical : usually there are too many long,
cabled interconnections of random length between
units of the system. A practical solution is to sense
the unwanted signal and compensate for it.

In most high-accuracy test instrumentation it is
possible to examine simultaneously many data
sources, both analog and digital. The data are
processed, converted to digital format and
recorded on magnetic tape. This technique makes
it possible to sample an analog function with an
amplitude accuracy of 0.03% or better, as long as
the test system is properly calibrated. This meth-
od of instrumentation is made economically feasi-
ble through the use of time multiplexing and only
one analog-to-digital converter. A typical analog
processing system, as shown in Fig. 1, consists of
sensing and buffering, low-pass filtering, multi-
plexing, A/D conversion and recording equip-
ment.

The low-pass, or pre-sampling, filter limits the
frequency spectrum reaching the multiplexer to
the data bandwidth of interest, and thereby re-
duces the higher-frequency components that
generate ‘““aliasing errors”’—that is, errors that
result when time-varying data are sampled at too
low a rate.

The sensor-buffer and the active filter are
contained in the same unit, and their signal re-
turns are tied to the unit common. The multiplex-
er is a separate unit; it has its own unit common
and contains its own power supply (Fig. 2). To
complete the signal-return loop, both these com-
mons are electrically connected. The common-
mode voltage drop across the return line is the
result of currents generated by:

(1) Potential imbalance between power supply
commons.

(2) Inductive pickup of noise by the return
lead.

These are the two major sources of common-

Aldo J. Burdi, Electronics Engineer, Interstate Electronics
Corp., Anaheim, Calif.
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mode error. In a 0.03% instrumentation system
such errors are significant and must be compen-
sated for.

The common-mode voltage, e., appears directly
at the multiplexer input as part of the signal (Fig.
3). Voltage e. may comprise any and all frequen-
cies within the operational amplifier’s open-loop
bandwidth.

The relationship between e. and multiplexer
input e, can be shown as follows:

Summing currents at e, we find:

e, —e, __ e —e
/i el == el c (1)
2R R
ey — 1 /8(2 e —er), ; (2)
eL — Aez 5] Ael. (3)
Substituting (2) into (3) we find
e, (1 i %) = Ae, — %Aec,
and since A/3>>1,
LA A
Crn= ? €. ?,
e, = e, (4)

One would expect the introduction of a compen-
sating signal on the non-inverting input to the
filter amplifier to subtract from the amplifier
output and thereby cancel the common-mode
signal. This is exactly what happens, and the
degree to which this is accomplished is shown by
the following equations, which apply to Fig. 4.
Summing currents at e,:

e,— € e —¢ L
Ro = Rl s :
SEA
SR TR S R T
e, = Ae, + Ae,; (7)

and substituting (6) into (7), we find

i A %, A
AT b e (2 :
eo( R0+R,) e(R +R)+ 3

1 (]

and since A R,/(R;, + R,) > >1,

R, I (ot e 1
ea=—e~R—l+es <R—l> (8)

ELECTRONIC DESIGN
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®|  BUFFER RECORDING
EQUIPMENT
CALIBRATION
SIGNALS Y
ACTIVE ANALOG /
LOW PASS MULTIPLEXER |—% DIGITAL
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1. Typical analog processing system consists of sensing
and buffering, low-pass filtering, multiplexing, A/D con-
version and recording.

| PROCESSING
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POWER

SUPPLY

- 4 -
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1l
I
COMMON PROCESSING rt == POWER
| CHANNEL N Il /\,— SUPPLY
': COMMON
iy T gy A JU__ _MUTIPLEXER

2. Sensor/buffer and filter are contained in a single unit.
The common connection (G,-G,) between this unit and the
multiplexer is a source of common-mode error voltages.

The derivation shows the output voltage e, of
the active filter to be a function of the signal e,.

Suppose we were to sense some portion of the
common-mode signal, e., by carrying a sense lead
from the non-inverting input to the multiplexer
signal-return common and use it as a compensa-
tion signal. This would provide a means for ini-
tiating a cancellation method. For the -circuit
shown in Fig. 5, setting the input to zero and
solving for e, = 0 yield the correct value to e, to
cancel the common-mode voltage completely.

e, =¢€,+e, (9)
rles -+ I,
= e, <T> e
Setting e, =0.
Rl
e, = —e, (m> (10)

The circuit equivalent that implements the
solution is shown in Fig. 6.

Design example demonstrates technique.

A typical problem that is of current interest is
the instrumentation of 200 (a realistic figure) de
signal sources, all part of a hypothetical missile
weapons system. This weapons system may be
either shipboard or ground-based. In either case
the errors encountered are generally greater than
that calculated here, because of noise inductively
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3. Active filter equivalent shows how common-mode error
voltage, e, appears at the multiplexer input. Analysis of
this circuit shows that e, and e, are approximately equal.

Eka

A 0
v
;

4. Introducing the compensating signal, e,, at the non-
inverting input of the filter amplifier subtracts from the
amplifier's output.

coupled on to the return line.

It is desirable to keep the common-mode error
to 0.1 or less of the total processing error. This is
a rule of thumb and is by no means strict. It is a
function of the system’s noise environment.

The 200 transducers are in scattered locations
throughout the weapons system. Their output is
0-+1 Vdec, and the highest-frequency component of
data is 0.1 Hz. The sensor-buffers are placed as
close to the source as possible and have a gain of 5.
There is 100 feet of cable (8-gauge return cable)
between the sensor-buffer and the multiplexer
(Fig. 7). The multiplexer has an input impedance
of 10 M. This processing channel must record
data to an accuracy of 0.03% of full scale. For
simplicity, one of the 200 transducers is used for
the calculations.

Without sensing:

Assuming e, = 0,

Ii, = 5X107 A.

For 200 transducers: I et — 200 (5Xx10:7). =
10+ A,

e. = 0.64(10*) =6.4x10°V.

Eq. 4 shows that the full effect of e. is felt at
the multiplexer input.

For a 1-volt input signal, e;, (multiplexer) =5V
+e. where e, is an instrumentation error.
6.4 X 10-3V

TV

This error is more than twice the maximum

% error = X 100 = 0.064% .
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when your design is
only an idea...put in

TRIAD off-the-shelf
transformers!

You'll get new prototypes on their way faster. And cut out
costly sampling. Just turn first to the TRIAD catalog for the
transformers and reactors you need. Chances are the unit you
thought would have to be custom made is ready off-the-shelf
from your TRIAD distributor.

The way to be sure is to thumb through the TRIAD catalog.
You'll find more than 1700 items immediately available. More
added each month. It's your most complete
source for what's new and in stock.

Of course, it's free. Even better than free,
it will save you money in the long run.
And help your ideas pay off.

Get your TRIAD catalog from your
distributor or write us direct:
305 North Briant Street,
Huntington, Indiana.
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5. Sensing a portion of error-signal, e, at the non-inverting
multiplexer input provides a means to achieve error can-
cellation. Calculations are made with the input shorted.
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Triad Disiributor Division

LITTON INDUSTRIES m

ON READER-SERVICE CARD CIRCLE 21

6. This circuit implements the error-voltage sampling
technique described in the text.
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éé i 5 ‘J-E-----------J--
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N T e A ReTORN eI, ETTRE e e
100 FT OF #18 WIRE
(064 OHMS/I00FT)

7. Here is a typical application of the common-mode error-
canceling techniques described in the article.

allowed (i.e. 0.03%). The sense and cancellation
technique described can now be applied.

With a shielded sense lead connected, as shown
in Fig. 7, and using Eq. 8 and 10, we find

R, o g
20 — €Cin T =t s + A SR
€ = ein (Mmux) e<R|) e, es< R, )
=6 \176
=reba i
= =bitle e, = b V.

The common-mode voltage, e., has been sensed
and canceled.

The techniques just described, together with
grounding schemes that employ short leads and
minimum inductive coupling, may be used in any
system that suffers from this type of common-
mode problem. = =

ELECTRONIC DESIGN
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Low cost metal glaze
resistor for MIL-R-22684

uniform molded body
power-safety factor
thick-film stability

IRC, the developer of Metal Glaze, now
offers a new, low-cost molded Metal
Glaze resistor that meets or exceeds all
performance and environmental require-
ments of MIL-R-22684. Value engineered for
optimum precision and reliability, itis the most
economical MIL-R-22684 unit available today.

Load life stability is four times better than
MILallowance.Maximumresistancechange
is only 0.5% after 1000 hours, Y%-watt at
70°C. Even when operated at higher tem-
peratures, stability is still typically well

Diamond spiraled within MIL limits.

metal glaze element

This is the direct result of IRC’s thick-film
Metal Glaze resistance element. 100 times
thicker than conventional films, Metal Glaze
defies catastrophic failure, withstands high tem-
peratures and high overloads, and is impervious
to environmental extremes.

Ceramic substrate

Plated-on
copper end cap

High temperature
soldered
termination The resistor is designed for faster, easier automatic
insertion. Its smooth, tough, molded body resists sol-
vents, corrosion and the mechanical stresses of high-

speed inserting machines.

This new IRC molded Metal Glaze resistor provides an ideal
low cost solution to stability, reliability and precision for a
wide range of applications. Write for complete data, prices
and samples. IRC, Inc., 401 N. Broad St., Philadelphia, Pa. 19108.

CAPSULE SPECIFICATIONS

MIL-R-22684A: RLO7

POWER: Y%-watt @ 70°C
RESISTANCE: 512 thru 150K
TOLERANCES: +2% and 5%
TEMPERATURE

O ot COEFFICIENT: +200 ppm/°C, max.
? ; VOLTAGE: 250V, max.
IRC TYPE: RGO7

Speed Inquiry to Advertiser via Collect Night Letter
ON READER-SERVICE CARD CIRCLE 22
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One-bit comparator uses FETs to
achieve a low component count and simple circuitry.
The next step-monolithic integration.

In developing integrated circuits, an important
design aim is to lower the component count in
order to achieve the simplest circuit possible.
Metal-oxide-semiconductor (MOS) field-effect tran-
sistors (FETSs) can be used for this purpose, since:
® Passive load devices (resistors) can be made by
using FETs and simply rearranging their lead
connections.
= The MOS technology is a relatively simple
manufacturing process, because of its high device
densities, single diffusion region, and the absence
of an isolation diffusion.

As an example of this approach, the one-bit
digital comparator described here was built with
only eight components—all FETs. Though only
the discrete circuit was evaluated, its possible
implementation in integrated form, and associated
advantages, are also discussed.

Comparator works with discrete devices

One application for this comparator is in a
digital servo system where a binary command
signal and a binary position signal, corresponding
to a shaft position, are compared and a correcting
signal issued. When both inputs are equal, the
comparator outputs are a logical “1”. When ine-
quality exists, one output is at “1” and the other at
“0”, depending on which of the inputs is a “1” or
“0”. This ability to distinguish between inputs is

J. R. Dailey, Senior Associate Engineer, IBM Systems De-
elopment Div., Endicott, N. Y.

desirable because it causes a change in the posi-
tion input in a particular direction to achieve
input equality.

The comparator can also be used in logic cir-
cuits, with minor modifications, as a dual exclusive
OR circuit; in power supply systems as a high-
input-impedance comparator; and in other ap-
plications where two inputs are sensed and a
proportional error voltage is produced.

Operation of the comparator can be understood
by referring to the schematic and truth table
shown in Fig. 1. The FET devices C, D, 1 and 3
serve as fixed resistors, since their gates are
connected to the drain terminals and therefore
|Ves| = |[Vpsl. The resulting load line is shown in
Fig. 2. In order to provide a satisfactory load
impedance, the FETs used as load devices should
have a gain that is at least ten times lower then
the gain of the active FETs used as switches.

When a logical “0” (ground potential) is ap-
plied to gates G, and Gj devices A and B are
biased OFF and the potential at node X equals the
potential at node Y. The potential at node X is
applied simultaneously to gate G, and source S,,
while the potential of node Y is applied to gate G,
and source S.. As a result, devices 2 and 4 see
essentially zero gate-to-source potential and are
biased OFF. This sets nodes K and L both at logi-
cal “1” (-V potential), because the supply voltage
is coupled through load devices 7 and 3, and an
equality of inputs is achieved.

Similarly, when both inputs G, and G; are at
logical “1”, devices A and B are forward-biased
and nodes X and Y are clamped near ground.

1. FETs are used as fixed resistors (devices C, D, 1, and
3) in this digital comparator (a). As shown in the truth
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table (b), a differential input to A and B results in a dif-
ferential output at K and L.

ELECTRONIC DESIGN



Since devices 2 and 4 see essentially zero gate-to-
source potential, they are biased OFF, nodes K
and L remain at logical “1”, and input equality is
again achieved.

To study the circuit for unequal input signals,
assume a logical ““1” is applied to G, and a logical
“0” to G. This condition forward-biases device A
and reverse-biases device B. Node X becomes a
logical “0” and node Y becomes a logical “1”. The
resultant gate-to-source potential forward-biases
device 4 and reverse-biases device 2. This places
output K at logical “1” and output L at logical
“0”. If the inputs are reversed, the action is simi-
lar except that device 2 turns ON and device 4
turns OFF, resulting in a “0” at output K and a
“1” at output L.

The input and output waveforms of the digital
comparator, built in discrete form, are shown in
Fig. 3. A logical “1” is represented by the negative
voltage, and a “0” by zero voltage. When input G,
is at “1” and input G; is at “0”, output K remains
at “1” and output L goes to “0”. If the inputs are
reversed, the outputs also reverse. If both outputs
are either at “1” or at “0”, then both outputs
remain at “1”, a negative voltage.

In each instance of input equality, the outputs
are not taken across an ON device, but are coupled
through the load devices to the supply. If the
outputs were taken across ON devices, they would
be dependent on variations of the saturated,
device characteristics; this would result in an
error voltage output from the comparator. Cou-
pling the outputs through the load devices keeps
them independent of any of these voltage varia-
tions. Typical operating values are:

Input voltage = —2to —20 V,
Drain supply = —20 V.
Frequency = 100 kHz,
Switching current = 5 to 10 maA.

If desired, the gates of the load devices need not
be kept at drain potential. Instead, a separate gate
potential can be applied to provide an adjustment
of device characteristics. This potential can be
varied to adjust the threshold voltages of the load
devices so that a horizontal translation of the load
lines is possible. This is also shown in Fig. 2.

The comparator circuit is not restricted only to
binary comparison, but may also be used quite
readily for analog comparison. For example, if
devices A, B, 2, and 4 are operated as depletion’
devices, bipolar inputs to G, and G; would be
compared, both in amplitude and phase. Operation
as depletion devices is necessary since one or both
of the inputs can be bipolar, as in the case of
small-signal sinusoidal variations, and the com-
parison must be made over the complete wave-
form. By operation in the depletion mode (nor-
mally-ON), any variation of the input signal
causes an increase or decrease about the normally-
ON quiescent point, as shown in Fig. 4, and allows
for comparison of the complete waveform. If the
two inputs are identical in phase and amplitude,
no output will be indicated. If a difference exists,
the output becomes proportional to the amount of
difference. This principle is useful for analog
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4. By setting the bias point so that the FET is normally-ON
(depletion mode operation), the comparator will accom-
modate bipolar inputs and can be used to compare ana-
log signals.
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3. Input and output waveforms of the comparator, built
with discrete components, show the relationship of out-
puts, K and L, to inputs, G, and Gg.

3 IDS

LOAD LINE 5s®

QUIESCENT  POINT Vgs=0

2. Characteristic curve of FET has the load lines of the
resistive device superimposed. As the gate voltage to the
resistive device is varied, its resistance changes and the
load line shifts.
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More torque,
Less weight

APT-1; 1 cu. in., 3.15 oz.
(actual size)

in moving coil mechanism

Stable, linear, accurate mechanism for indicat-
ing, control or recording systems. 1% linearity
over 18-0-18° and greater accuracy assured by
coil design with over 75% of winding “working”
in high energy, uniform field air gap. Coil sys-
tem weighs 0.85 gm, develops 26.4 mmg of
torque; 31:1 T/W. Vibration resonance negli-
gible; acceleration errors sharply attenuated.
Standard pivots and jewels—custom damping
—wide range of sensitivities.

AMMON

AMMON INSTRUMENTS, INC.
345 Kelley Street, Manchester, N. H. 03105

ON READER-SERVICE CARD CIRCLE 23

Type GRP, 214" Dia.

Globe Type GRP permanent magnet d.c. motors are rated at
1/10 hp at 6,000 to 10,000 rpm, 6 to 115 v.d.c. Motors are
2Y4” diameter by 3%” long and weigh 2 Ibs. 8 oz. Type GRP
motors are designed to meet applicable MIL specs for con-
struction and environmental protection. They are available
with a wide variety of accessories including geartrains, gov-
ernors, brakes, clutches, radio noise filters, and others. Wound
field designs are also available in this frame size for series,
split series, shunt, split shunt, or universal a.c./d.c. operation.
For further information, request Bulletin GRP.

Globe Industries, Inc., 2275 Stanley Ave., Dayton, Ohio 45404.
Tel: 513 222-3741

ON READER-SERVICE CARD CIRCLE 24
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B O NOR NOR OUTPUT K

5. Bipolar monolithic integrated circuits could also be
used to build a digital comparator. However, this design
would requre six NOR gates with a total of 26 active and
passive components.
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6. The monolithic layout of the MOS FET comparator il-
lustrates the simple fabrication layout that is involved
with this approach.

multiplication of two signals, where one variable
can be represented by phase difference and the
other by amplitude difference. The area under the
output waveform then represents the product of
the two variables.

Integration is possible

An existing comparator implementation, using
resistor-transistor logic (RTL) NOR circuitry, is
shown in Fig. 5. Six NOR blocks are used and each
has 4 to 5 components, depending on the number
of inputs required. This configuration results in
the use of a total of 26 active and passive compo-
nents. The circuit of Fig. 1, however, uses only 8
discrete devices, or, if fabricated monolithically
(all FETs diffused on a single chip), the equiva-
lent of 4 MOS devices.

This is better illustrated in the proposed layout
of a monolithic chip that is shown in Fig. 6. The
letter designations correspond to the terminals
called out in Fig. 1. Since some of the devices have
common connections, a single diffusion can be
used at these points; for example, the drains of
devices C, D, 1, and 3 are tied together since they
all go to the supply voltage. As a result, only eight
diffusion areas are necessary, and this is equiva-
lent to four devices (four sources and four
drains). The monolithic comparator has not been
built and tested yet. = =
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K OB Y FIELE PROVERN

allG PORTABLE

RECORDER/REPRODUCER

P-5000 field history has established Fairchild/Winston as the m 2.0 mc at 120 ips

leader in wideband portable instrumentation recorder/repro- o % e
ducers. Results of extensive field applications have proven the ¢ g/é/tier 10 /?.3/1‘ ggal‘( [psas,
P-5000's ability to consistently provide unparalleled perfor- 0 £ha Ips

mance. A combination of compactness and laboratory-quality
performance, the P-5000 offers the most advanced instrumen-
tation tape recorder/reproducer in a truly portable package —
designed for predetection, telemetry and general instrumenta-
tion — applicable to airborne, shipboard and mobile use.
Bi-directional operation provides 50 minutes of 2.0 mc record-
ing. Qualified to military environmental and RFI specifications.

Bi-directional operation
Five electrically selectable speeds
7 or 14 track, IRIG configuration

140 pounds
17% x 24%2 x 11 inches

FOR ADDITIONAL INFORMATION CONTACT:

6711 So. Sepulveda Blvd., Los Angeles, 1625 *'I'* Street, NW, Washington, Hyer Electronics Company Hyer Electronics Company Wild & Associates, Inc.
Calif. 90045 Telephone: 213-670-3305 D.C. 20006 Telephone: 202-628-2588 Englewood, Colorado Albuquerque, New Mexico Syosset, Long Island, N.Y.
TWX: 910-328-6128 TWX: 710-822-9558 Telephone: 303-771-5285 Telephone: 505-268-6744 Telephone: 516-921-7100
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Pick a delay equalizer and stop worrying
about the math. A set of tables lists the normalized
component values for four typical circuits.

The design of parabolic delay equalizers usually
starts with time-consuming mathematics that lead
only to the equations that permit the designer to
evaluate changes in parameters. Here is a set of
computer-derived tables that offers a shortcut by
presenting the component-values for typical
circuits. All that’s necessary then is a little slide-
rule work.

Delay equalizers are needed to correct the non-
uniform delay responses of IF amplifiers in fre-
quency modulation systems, multiple-channel data
transmission systems, and other communication
equipment. In these systems complex waveforms
have to be preserved accurately to ensure satisfac-
tory transmission of information.

The delay of a single-section delay equalizer is

given by:!
T olzf,,(“%> A
d: = 2 ’
(77

where T; is the total delay of the network, d is the
shape factor (analogous to the @ of a resonant
circuit), f is the frequency of operation and f, is
the resonant frequency of one of the arms of an
equivalent lattice. The resonant frequency, f,, is
given by :?

ﬁ,=f,,[\/4—$—1]_m, (2)

where f, is the frequency of peak delay. Eq. 1 may
be readily transformed into polar coordinates
with the transformations:

fo=pTfs (3)

1
4 cos20’ (4)
where f; is a reference frequency.
The advantage of polar coordinates is that all
circuit components can be expressed in terms of
6. Thus 6 is the only variable.
The quantity p/6, is sometimes referred to as b in
the literature. It is related to the shape factor d:

Vernon R. Cunningham, Research & Development Engi-
neer, Collins Radio Company, Dallas, Tex.
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b=2Vd (5)
The substitution of Egs. 3 and 4 into Eq. 1 yields:
I3 4pcos 0 (p2fs® + f*)
T, = (g) p* i — 202 f,2f% (1 — 2 cos®d) + [+
(6)

If this expression is normalized and expanded
around the frequency of the peak delay,® we
arrive at the expression that depends only on 6:

/g cos 0 (2sin g — 1)52
B? 16w sin®0 (1 —sin6)?’

M= (7)

where:

f» is the frequency of peak delay,

T, is the difference between the peak delay and
the delay at the band edge,

B is the normalized bandwidth (f, — f.)/fs
where f, and f, are at an equal distance from f,.

The designer has only to compute the value of
M from the delay specifications and to denormal-
ize the circuit values for the required frequency
and impendance.

Consider the simple delay equalizer shown in
Fig. 1. The normalized values of the components
are a function of the impedance, R,, and ¢:

1
2 cos 6

— 2 cos 0)

(8)
cos 0 4
C",,='7—U‘.OT0(251H0—1)‘/2 9)

e 5l TR YT
C”"_47rf,,Ro(2sm0 1)12<

oR,
L = cos 0 (2sing —1)12 (10)
na Trfo

La

Y'Y

Rg S

1. Simple parabolic delay equalizer illustrates the use of
the tables—see text. The normalized values of the compo-
nents can be read off from the tables, depending on the
given specifications.
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Normalized components for parabolic delay equalizers

Log M M 0 fo/ky d Cos Cop L L
-0.401 0.397 60.120 1.167 1.007 0.0005 0.1359 0.2717 0.0684
-0.381 0.416 60.475 1.162 1.029 0.0020 0.1350 0.2699 0.0695
~0.361 0.436 60.828 1.158 1.052 0.0035 0.1340 0.2681 0.0705
-0.341 0.456 61.180 1153 1.076 0.0050 0.1331 0.2662 0.0716
-0.321 0.478 61.530 1.148 1.100 0.0066 0.1321 0.2642 0.0727
-0.301 0.500 61.878 1.144 1.125 0.0082 0.1311 0.2623 0.0738
~0.281 0.524 62.225 1.140 1.151 0.0098 0.1301 0.2602 0.0749
-0.261 0.549 62.569 1.136 1.178 0.0115 0.1291 0.2582 0.0760
-0.241 0.574 62.912 1132 1.206 0.0132 0.1281 0.2561 0.0772
-0.221 0.601 63.252 1.128 1.234 0.0149 0.1270 0.2540 0.0784
-0.201 0.630 63.590 1.124 1.264 0.0166 0.1259 0.2519 0.076
-0.181 0.659 63.926 1121 1.294 0.0184 0.1249 0.2497 0.0808
-0.161 0.691 64.259 1117 1.325 0.0201 0.1238 0.2475 0.0820
-0.141 0.723 64.591 1113 1.358 0.0219 0.1227 0.2453 0.0833
-0.121 0.757 64.919 1.110 1.391 0.0238 0.1215 0.2431 0.0846
-0.101 0.793 65.245 1.107 1.426 0.0256 0.1204 0.2408 0.0858
-0.081 0.830 65.568 1.104 1.461 0.0275 0.1193 0.236 0.0872
-0.061 0.869 65.889 1.101 1.498 0.0294 0.1181 0.2363 0.0885
-0.041 0.910 66.207 1.098 1.5% 0.0314 0.1170 0.2340 0.0899
-0.021 0.953 66.522 1.095 1575 0.0333 0.1158 0.2317 0.0912
-0.001 0.998 6.835 1.092 1616 0.0353 0.1147 0.2294 0.0926
0.019 1.045 67.145 1.089 1657 0.0373 0.1135 0.2270 0.0941
0.039 1.094 67.451 1.087 1.700 0.0393 0.1123 0.2247 0.0955
0.059 1.146 67.755 1.084 1.744 0.0414 0.1112 0.2223 0.0970
0.079 1.200 68.056 1.081 1.790 0.0435 0.1100 0.2200 0.0985
0.099 1.257 68.354 1.079 1.837 0.0456 0.1088 0.2176 0.1000
0.119 1.316 68.649 1.077 1.886 0.0477 0.1076 0.2153 0.1015
0.139 1.378 68.941 1.074 1.93 0.048 0.1065 0.2129 0.1031
0.159 1443 69.230 1.072 1.988 0.0520 0.1053 0.2106 0.1047
0.179 1.511 69.516 1.070 2.002 0.0542 0.1041 0.2082 0.1063
0.19 1.582 69.799 1.068 2.097 0.0564 0.1028 0.2059 0.1079
0.219 1.657 70.079 1.066 2.154 0.0587 0.1018 0.2035 0.109
0.239 1.735 70.3%6 1.064 2.212 0.0610 0.1006 0.2012 0.1113
0.259 1.816 70.630 1.062 2.213 0.0633 0.0994 0.1988 0.1130
0.279 1.902 70.901 1.060 2.33 0.0656 0.0983 0.1965 0.1147
0.299 1.992 71.169 1.058 2.39 0.0679 0.0971 0.1942 0.1165
0.319 2.086 71433 1.06 2.466 0.0703 0.0959 0.1919 0.1183
0.339 2.184 71695 1.055 2.534 0.0727 0.0948 0.189 0.1201
0.359 2.287 71.953 1.03 2.605 0.0751 0.0936 0.1873 0.1220
0.379 2.395 72.209 1.052 2.678 0.0776 0.0925 0.1850 0.1238
0.399 2.507 72.461 1.050 2.753 0.0801 0.0914 0.1827 0.1257
0.419 2.626 72711 1.048 2.830 0.0826 0.0902 0.1804 0.1277
0.439 2,149 72.957 1.047 2910 0.0851 0.0891 0.1782 0.1297
0.459 2.879 73.201 1.046 2.993 0.0877 0.0880 0.1760 0.1317
0.479 3.015 73.441 1.044 3.078 0.0903 0.0869 0.1737 0.1337
0.499 3.157 73.679 1.043 3.166 0.0929 0.0858 0.1715 0.1358
0.519 3.305 73.913 1.042 3.256 0.0955 0.0847 0.1694 0.1379
0.539 3.461 74.145 1.040 3.349 0.0982 0.0836 0.1672 0.1400
0.559 3.624 74.373 1.039 3.445 0.1009 0.0825 0.1650 0.1421
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Normalized components for parabolic delay equalizers (continued)

Log M M 0 fo/f d G Cab Lo Lup

0.579 3.79 74.599 1.038 3.545 0.1036 0.0814 0.1629 0.1443
0.599 3.974 74.822 1.037 3647 0.1064 0.0804 0.1608 0.1466
0.619 4.161 75.042 1.03 3.752 0.1092 0.0793 0.1587 0.1488
0.639 4.357 75.259 1.035 3.861 0.1120 0.0783 0.1566 0.1511
0.659 4.563 75.473 1.034 3.973 0.1148 0.0772 0.1545 0.1535
0.679 4.778 75.685 1.033 4,089 0.1177 0.0762 0.1524 0.1558
0.699 5.003 75.893 1.032 4.209 0.1206 0.0752 0.1504 0.1583
0.719 5.239 76.099 1.031 4.3 0.123 0.0742 0.1484 0.1607
0.739 5.486 76.302 1.030 4.459 0.1266 0.0732 0.1464 0.1632
0.759 5.744 76.503 1.029 4.589 0.129 0.0722 0.1444 0.1657
0.779 6.015 76.701 1.028 4.724 0.1326 0.0712 0.1425 0.1683
0.799 6.298 76.896 1.027 4.864 0.1357 0.0703 0.1405 0.1709
0.819 6.595 77.088 1.026 5.007 0.1389 0.0693 0.1386 0.1735
0.839 6.906 77.278 1.025 5.155 0.1420 0.0684 0.1367 0.1762
0.859 1.232 77.466 1.025 5.308 0.1452 0.0674 0.1348 0.1789
0.879 1.572 77.650 1.024 5.465 0.1484 0.0665 0.1330 0.1817
0.899 7.929 77.832 1.023 5.628 0.1517 0.0656 0.1311 0.1845
0.919 8.303 78.012 1.023 5.795 0.1550 0.0647 0.1293 0.1873
0.939 8.694 78.189 1.022 5.968 0.1584 0.0638 0.1275 0.1902
0.959 9.104 78.364 1.021 6.146 0.1617 0.0629 0.1257 0.1932
0.979 9.533 78.53 1.021 6.329 0.1652 0.0620 0.1240 0.1962
0.9% 9.982 78.706 1.020 6.518 0.1686 0.0611 0.1222 0.1992
1.019 10.453 78.874 1.019 6.714 0.1721 0.0603 0.1205 0.2023
1.039 10.946 79.039 1.019 6.915 0.1757 0.0594 0.1188 0.2054
1.059 11.461 79.202 1.018 7.123 0.1793 0.0586 0.1171 0.2086
1.079 12.002 79.362 1.018 7.337 0.1829 0.0577 0.1155 0.2118
1.099 12.567 79.521 1.017 1.557 0.1866 0.0569 0.1138 0.2151
1.119 13.160 19.677 1.017 7.785 0.1904 0.0561 0.1122 0.2184
1.139 13.780 79.831 1.016 8.020 0.1941 0.0553 0.1106 0.2218
1.159 14.429 79.982 1.016 8.262 0.1980 0.0545 0.1090 0.2252
1179 15.109 80.132 1.015 8.511 0.2018 0.0537 0.1075 0.2287
1.199 15.821 80.279 1.015 8.769 0.2058 0.0530 0.1059 0.2322
1.219 16.567 80.424 1.014 9.034 0.2097 0.0522 0.1044 0.2358
1.239 17.348 80.567 1.014 9.308 0.2137 0.0515 0.1029 0.2395
1.259 18.165 80.709 1.013 9.590 0.2178 0.0507 0.1014 0.2432
1.279 19.021 80.848 1.013 9.881 0.2220 0.0500 0.1000 0.2469
1.299 19.918 80.985 1.013 10.181 0.2261 0.0493 0.0985 0.2508
1.319 20.856 81.120 1.012 10.491 0.2304 0.0485 0.0971 0.2546
1.339 21.839 81.253 1.012 10.810 0.2347 0.0478 0.0957 0.2586
1.359 22.869 81.384 1.011 11.139 0.2390 0.0471 0.0943 0.2626
1.379 23.946 81.513 1.011 11478 0.2434 0.0465 0.0929 0.2666
1.399 25.075 81641 1.011 11828 0.2479 0.0458 0.0916 0.2708
1.419 26.257 81.766 1.010 12.189 0.2524 0.0451 0.0902 0.2750
1.439 21.494 81.890 1.010 12.561 0.2570 0.0445 0.0889 0.2792
1.459 28.790 82.012 1.010 12.945 0.2616 0.0438 0.0876 0.2835
1.479 30.147 82.132 1.010 13.341 0.2663 0.0432 0.0863 0.2879
1.499 31.568 82.250 1.009 13.749 0.2711 0.0425 0.0851 0.2924
1519 33.055 82.37 1.009 14.170 0.2759 0.0419 0.0838 0.2969
1.539 34.613 82.482 1.009 14.603 0.2808 0.0413 0.0826 0.3015
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Normalized components for parabolic delay equalizers (continued)

Logh | M 0 fo/fp d s Cob o Ly

1559 36.245 | 82.595 1.008 15.051 0.2858 0.0407 0.0814 0.3061
1.579 3.9 | 82707 1.008 15.512 0.2908 0.0401 0.0802 0.3109
1.599 39741 | 82817 1.008 15.98 0.2959 0.0395 0.0790 0.3157
1.619 4614 | 82925 1.008 16.479 0.3011 0.0389 0.0778 0.3206
1.639 13575 | 83.0%2 1.007 16.984 0.3064 0.0383 0.0767 0.3255
1659 15629 | 83.137 1.007 17.506 0.3117 0.0378 0.0755 0.3306
1.679 42780 | 83.240 1.007 18.044 0.3171 0.0372 0.0744 0.3357
1.699 50.031 | 83.342 1.007 18.599 0.3225 0.0367 0.0733 0.3409
1719 52.389 | 83.443 1.007 19.171 0.3281 0.0361 0.0722 0.3461
1.739 54.858 | 83.542 1.006 19.761 0.3337 0.0356 0.0712 0.3515
1759 57.444 | 83.639 1.006 20.369 0.3394 0.0350 0.0701 0.3569
1.779 60.151 83.735 1.006 20.9% 0.3452 0.0345 0.0691 0.3624
1.799 62.986 | 83.830 1.006 21643 0.3511 0.0340 0.0680 0.3681
1.819 65.95 | 83.923 1.006 22.310 0.3570 0.0335 0.0670 0.3737
1.839 69.063 |  84.015 1.005 22.997 0.3630 0.0330 0.0660 0.3795
1.859 2317 | 84106 1.005 23.706 0.3691 0.0325 0.0650 0.3854
1.879 75726 | 84195 1.005 24.438 0.3753 0.0320 0.0641 0.3914
1.899 79.294 |  84.283 1.005 25.192 0.3816 0.0316 0.0631 0.3974
1.919 83.031 | 84369 1.005 25.99 0.3880 0.0311 0.0622 0.4036
1.939 8.945 |  84.455 1.005 26.771 0.3945 0.0306 0.0612 0.4098
1.959 9L.042 | 84538 1.005 27.598 0.4011 0.0302 0.0603 0.4161
1.979 95.333 | 84621 1.004 28.450 0.4077 0.0297 0.0594 0.4226
1.999 99.826 | 84703 1.004 29.330 0.4145 0.0293 0.0585 0.4291
2.019 104531 | 84.783 1.004 30.236 0.4213 0.0288 0.0576 0.4358
2.039 109457 |  84.862 1.004 31171 0.4283 0.0284 0.0568 0.4425
2.059 114616 |  84.940 1.004 32.135 0.4354 0.0280 0.0559 0.4493
2.079 120007 | 85.016 1.004 33.129 0.4425 0.0275 0.0551 0.4563
2.099 125674 |  85.092 1.004 34.154 0.4498 0.0271 0.0543 0.4634
2.119 13159 |  85.166 1.004 35.211 0.4572 0.0267 0.0535 0.4705
2.139 137.798 |  85.240 1.003 36.301 0.4646 0.0263 0.0526 0.4778
2.159 144292 | 85312 1.003 37.425 0.4722 0.0259 0.0519 0.4852
2.179 151.093 | 85383 1.003 38.584 0.4799 0.0255 0.0511 0.4927
2.199 158213 |  85.453 1.003 39.779 0.4877 0.0252 0.0503 0.5003
2.219 165670 |  85.522 1.003 41.012 0.4957 0.0248 0.04%6 0.5081
2.239 173.478 |  85.590 1.003 42.282 0.5037 0.0244 0.0488 0.5159
2.259 181653 |  85.657 1.003 43.593 0.5119 0.0240 0.0481 0.5239
2.219 190214 | 85.723 1.003 44.944 0.5202 0.0237 0.0473 0.5320
2.299 199.179 |  85.788 1.003 46.337 0.5286 0.0233 0.0466 0.5402
2.319 208.566 |  85.852 1.003 47.774 0.5371 0.0230 0.0459 0.5486
2.339 218.397 .| 85.915 1.003 49.256 0.5458 0.0226 0.0452 0.5571
2.359 208687 | 85.977 1.002 50.784 0.5546 0.0223 0.0446 0.5657
2.379 239.464 |  86.038 1.002 52.359 0.5635 0.0219 0.0439 0.5744
2.399 250752 | 86.098 1.002 53.984 0.5725 0.0216 0.0432 0.5833
2.419 262.569 |  86.157 1.002 55.659 0.5817 0.0213 0.0426 0.5924
2.439 274943 | 86.216 1.002 57.387 0.5910 0.0210 0.0419 0.6015
2.459 287.902 | 86273 1.002 59.168 0.6005 0.0206 0.0413 0.6108
2479 01472 | 86330 1.002 61.005 0.6101 0.0203 0.0407 0.6203
2.499 315675 | 86385 1.002 62.899 0.6198 0.0200 0.0401 0.6299
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R (28in 0 — 1)1
i = 8xf, cos 0

(11)

Egs. 7 through 11 were solved with a computer
for a large number of thetas. The computer was
programed to print out values at equal increments
of log M.

Note that Eq. 7 is an approximation, whose
error increases with percentage bandwidth. The
error involved is negligible in most cases.!

The correct circuit values can be found quite
simply :

C Cna
A pro’
Cus
Co=Fp >
R0
LRGRO
L, = T
p
Tl Lano
B = -
£y

The values of C,., Cuy, Ly and L,; are listed in the
tables.

If one of the three circuits in Fig. 2 is pre-
ferred to the circuit in Fig. 1, the designer must
change some of the component values. The shape
factor d must be included, as indicated in Fig. 3.
The values of d are also included in the tables. The
ratio of f, to f, is also listed, since f, is sometimes
desirable to tune the network.

Let us consider a simple design example. The
delay present in a 70-MHz IF amplifier must be
equalized. The delay is parabolic, and it reaches
the maximum of 5 ns (referenced to the delay at
the edge of the band) at a frequency of 74 MHz.

The delay is to be equalized over a bandwidth of
10 MHz from the center frequency of 70 MHz.
The equalizer network is to have input and output
impedances of 75 ohms.

Since the peak delay does not occur at the
center frequency of the IF amplifier, the band-
width of the equalizer is not the same as the band-
width of the amplifier. The equalizer’s bandwidth
is twice the distance from the peak delay to the
most distant band edge, or 2(74 MHz — 60 MHz)
= 28 MHz.

The normalized bandwidth, B, is:

28

rer Tk 0.378
The value of M is:
_ (5ns) (74 MHz) _
M= (0.378)° =958

From the tables we find values tabulated for M
equal to 2.62, which is sufficiently close:

Cna = 0.0826
Cw = 0.0902
L. = 0.1804
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2. Alternate circuits of Fig. 1 also perform as parabolic
delay equalizers. The shape factor, d, modifies some of
the component values.

Ly =-0.1277
Denormalizing the above values, we find the
values of the components:

C 0.0826

Ca=7R, = (max10%) (75) - 42 PF
O 0.0902 g
Ca =7 R, = (7axior) (15) ~ 162
LR, 75(0.1804)
= et = = 01 H
2 Sy T4x10° S
e L,R,  75(0.1277) — 0129 LH
BTANE S AR iz

These are the final values for the circuit shown
in Fig. 1. = =

References:

1. E. J. Turvey, “A Graphical Method of Equalizing En-
velope Delay,” report for M. S. degree in Electrical Engi-
neering, Southern Methodist University, 1963.

2. Ibid.

3. J. K. Skwirzynski and E. J. C. B. Dunlop, “Group
Delay Equalization of Bandpass Filters at Intermediate
Frequencies,” The Marconi Review, Fourth Quarter, 1964.

4. T. R. O’Meara, “The Synthesis of ‘Band-Pass’ All-
Pass Time-Delay Networks with Graphical Approximation
Techniques,” Hughes Research Report No. 114, September
1960.

ON READER-SERVICE CARD CIRCLE 217 »



g

Tt




A

SR




Have you tried out your
card tricks on this family?

Here's a modern family of card readers that fits
right in with the current and future needs of industry.
No matter what kind of cards a system may use, one
of these compact, handsomely styled A-MP*
SYSCOM* card readers can handle them.

The unlimited number of programs that can be
handled and the convenience of punched tabulating
or credit cards make these units practical for many
varied applications. In production control and report-
ing, where data must be randomly gathered from
many sources into a central computer, the A-MP
Card Reader functions as data input equipment.
Location and status of production parts can be de-
termined in seconds instead of hours or days;
production machinery breakdowns and schedule
changes can be ascertained before they seriously
affect production.

In batch mixing or blending operations, a card reader
can program changes in formula, mixing times, se-
quence, quantity measurements, and the like. It
reduces the operator’s work to inserting the ap-
propriate tabulating card and checking on proper
functioning of the equipment. It also reduces the
chance of human error and ensures consistent
product quality.

.

7

}

A

o
Y
m

<

A. All Weather Credit Card Reader. B. Rack Mounted Standard Size Card
Reader. C. Desk Top Standard Size Card Reader. D. Motorized Credit Card
Reader. E. Credit Card Reader.

A-MP* products and engineering assist are

lable through subsidiary ies in: A

Warehouse inventory and supply procedures have
been vastly speeded up by the use of tabulating card
systems. By inserting a punched card into an A-MP
Card Reader, a dispatcher could select a quantity of
a product fo