VOL. 28 NO. 3
MARCH 1969

THE
ELECTRONIC
ENGINEER

Components feel squeeze of ICs p. 73
Get the right technical data p. 29

IC regulator removes restrictions p. 53
Part 4 of telemetry course p. 63

Quick guide to environmental specs. p. 79
Over/under voltage protection p. 59



We furnish the building blocks. .. you
design your system. You can go from
a single generator to a complex
system simply by connecting the
building blocks.

The new HP 1900 pulse system is
a new generation of plug-in pulse
generators—a new all-around bench
instrument that solves both high and
low voltage rise and fall problems.
It is especially suitable for test-
ing magnetic memory devices where
high current output is required, or
testing MOS logic devices requiring
high voltages.

The HP 1900 now provides 50 V,
1 amp pulses into 50 ) up to 100%

duty cycle, variable rise and fall times
from 7 ns to 1 ms, 25 Hz to 25 MHz
rate, delay from 15 ns to 10 ms—all
for a total price of $2750. For 2 to
16-bit word format, add the 50 MHz
HP 1925A Word Generator. You can
use this plug-in to create pseudo-
random noise or get a word or its
complement in return-to-zero or
non-return-to-zero modes. An option
makes the 1900 system electronically
programmable.

And the new 1900A system is no
paper tiger! All its specifications are
working specs — if anything, con-
servative.

Plug-in design of the 1900A system
allows you to select the best per-
formance combination for your re-
quirements — and modify later to

It's expandable —the new
HP 1900 pulse system

for clean, controllable,
high-power pulses!

meet your changing needs. Soon-to-
come are new modules providing
sub-nanosecond rise and fall times,
lower power output stages at much
lower prices — and more exotic
modules with excitingly new state-
of-the-art specifications.

Start designing your pulse genera-
tor system today with the expand-
able HP 1900A system. Call your
nearest HP field engineer for com-
plete specifications. Or, write to
Hewlett-Packard, Palo Alto, Cali-
fornia 94304. Europe: 1217 Meyrin-
Geneva, Switzerland.
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...looking for a better ceramic capacitor?

Investigate MONOLYTHIC
LAYER-BUILT
CAPACITORS

Made with alternate layers of sprayed ceramic dielectric material

and screened metallic electrodes, fired into a solid homogeneous

block. Coated with tough phenolic resin. Available in four formulations—
082(N030), 075(N750), 067(W5R), 023(Z5U). Your choice of

axial-lead or improved radial-lead construction. Radial-lead

capacitors have new bossed terminal base which prevents resin
run-down on leads, maintains uniform lead spacing, eliminates dirt
and moisture entrapment around leads, permits degreasing fluid to

flow freely between capacitor and board.

48C-9105
e

...need a reliable wirewound resistor?

Specify ACRASIL
PRECISION/POWER
RESISTORS

Excellent stability and reliability, even under extended load life,

extremely high humidity, and other adverse operating conditions.
Expansion coefficient of silicone coating is closely matched to that of
ceramic base to insure against damage to resistance winding.
Coating provides exceptional protection against moisture, shock,
vibration, fungus. Available with standard and non-inductive windings.

Resistance tolerances as close as +0.05%,.

4SR-8118

For engineering bulletins on Monolythic® Capacitors or Acrasil®

Resistors, or both—write to: Technical Literature Service, Sprague : ®
Electric Company, 233 Marshall St., North Adams, Mass. 01247. s p R n G u E

THE MARK OF RELIABILITY

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

‘Sprague’ and @ are registered trademarks of the Sprague Electric Co.
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this is our filter line: co

Circle 5 on Inquiry Card

If we could show it, Telonic’s line of RF and
microwave filters would stretch to infinity. As
filter specialists, Telonic can provide designs to
your specifications with quick deliveries, in the
following configurations—

Cavity Bandpass—8 series— 20 to 12,000 MHz
—2 to 6 sections—sizes to subminiature
Interdigital Bandpass—1 series—1000 to 6000

MHz—6 to 19 sections
Tunable Bandpass—2 series—48 to 4000 MHz
—full octave coverage
Tubular Bandpass—4 series— 20 to 2700 MHz
—diameters 4" to 1%2"—2 to 12 sections
Tubular Lowpass—5 series—20 to 3000 MHz
—diameters 2" to 1%2"—2 to 12 sections
Engineered with computer-designed tech-
niques, Telonic filters fit a broad range of
applications. Chances are that with its long his-
tory as the leading filter manufacturer, Telonic
has already designed the unit that just fits your
requirements. Call or write for catalog or
quotation.

FILTER TEXTBOOK — Catalog 101-A contains
never before published theory and data on
filter insertion loss, attenuation, frequency and
bandwidth tolerances, and pass band relation-
ships. Send for your copy.

TELONIC ENGINEERING CO.

A Division of Telonic Industries, Inc.

Box 277 + Laguna Beach, Calif. 92652
Phone—(714) 494-9401 « TWX-910-596-1320
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Some people believe that components
will pass into oblivion with the in-
creased use of integrated circuits.
This is not likely to occur because
today's components are changing to
meet new needs associated with ICs.
Our cover shows products from CTS,
IRC, Delevan, Nytronics, JFD, and
Amphenol which typify the new breed
of components available. See page
73 for more details.
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Get the right technical data: Know where to look for it

The accompanying chart will make your life as an engineer simpler. It tells you
where to go to get the specific type of information you need.

Heat-shrinkable insulation guide

This handy, multi-colored wall chart will be a big assist in selecting heat-shrink-
able tubing. Don’t forget to remove your copy.

A Happening in Fun City

The key to ““unlocking the future in electrical /electronics engineering’’ is to attend
the tutorial seminars.

IC regulator removes restrictions

This linear IC challenges discrete, hybrid, and modular voltage regulators. Unlike
IC predecessors, it accommodates high and negative voltages, high currents,
and provides easily-adjusted controls without the need for many external com-
ponents.

Protecting circuits from over- and under-voltages

Circuits that detect voltage changes caused by line variations or circuit failures
have become increasingly important due to the number of transistor and inte-
grated circuits being used. Protect your design with these circuits.

Telemetry Course

Part IV: Time-division demultiplexing and decoding
In PCM, a decommutation performs both demultiplying and decoding. It is con-
trolled mostly by software.

Components feel the squeeze of ICs

There is no denying that components are being squeezed by integrated circuits.
But, instead of giving up, component people are making better products at lower
prices and have created a new breed of components for ICs.

A quick guide to environmental specifications
With the following tables you can easily and quickly find the environmental re-

quirements of a military specification. You can also compare various require-
ments at a glance.

IC Ideas

® Voltage regulator has extended range, remote shutdown
@ Zero-point switching eliminates RFI

Frequency counter is also a computer
Computing circuits change precise time interval measurements into accurate fre-

quency displays. An accessory keyboard makes use of these circuits, so that you
can use the instrument as a real-time computer.
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ELCON

ELECTRONIC COUNTING
MODULES AND SYSTEMS

YOUR BEST BUY...BY FAR!

ELECTRONIC COUNTER
SERIES 685

Designed for Performance, Versatility and Ease of Application
B Complete unit with up to 6 decades, including input
pulse-shaper and power supply.

B For totalizing and/ or pre-set capabilities.

B Specifically designed for industrial applications.
Low susceptibility to interference or noise.

Build your own System with
OR COUNTING MODULES'!

Pre-set Moddule, Series 472

Totalizing Module, Series 471
B Plug-in units with front access; receptacles
interconnected for complete systems.

B Uniand bi-directional with totalizing and pre-set
capabilities. With or without visual and/or electric read-out.

B Pre-set decade with unique integral push-button switch.

B Control modules and power supply available as plug-in
components for interfacing up to 6 decades

ELCON DIVISION

Hecon Corp.31Park Road New Shrewsbury, New Jersey 07724
Visit us at IEEE Show, Booth 3A 32-33

Circle 6 on Inquiry Card

The Electronic Engineer
Vol. 28 No. 3 March 1969

Alberto Socolovsky, Editor

John E. Hickey, Jr., Managing Editor
Smedley B. Ruth, 4ssociate Editor
Sheldon Edelman, Associate Editor
Mark B. Leeds, Features Editor
Stephen A. Thompson, Western Editor

David H. Surgan, Eastern Editor
Joan Segal Assistant Editor

Dr. O. M. Salati, Consultant

Anne AXxe, Editorial Assistant

Dorothy Vondran, Editorial Assistant
Lynda Rothstein, Editorial Assistant

Mae Moyer, Editorial Reader Service
Andrew Mittelbrunn, Chilton Art Director
Phaue Featherson, Art Assistant

George Baker,
Neil Regeimbal,

K. Robert Brink, Publisher

W ashington News Bureau

Chilton @ EX EE3

Executive and Editorial Offices:

One Decker Sguare, Bala-Cynwyd, Pa. 19004
Tel. (215) SH 8-2000

Address Mail to: 56th & Chestnut Sts
Philadelphia, Pa. 19139

Western Office: Stephen A. Thompson
1543 W. Olympic Blvd., Los Angeles, Calif. 90015
Tel. (213) DU 7-1271

New York Office: Mark B. Leeds & David H. Surgan
100 E. 42nd St., New York, N.Y. 10017
Tel. (212) OX 7-3400

Chilton Company Officers & Directors: Chairman of the «
Board: G. C. Buzby; President: R. E. McKenna; Financial

Vice-President: Stanley Appleby; Vice-Presidents: J. H

Kofron, L. F. King, H. W. Barclay; Treasurer: James

Miades; Secretary: J. A. Montgomery, Jr. Other direc- ”~ 4
tors: C. W. Hevner, T. J. Casper, W. A. Barbour, R. S. Y
Davidson, S. H. Collmann, R. Rimbach, R. H. Groves and

K. Robert Brink. Asst. Secretary: |. C. Holloway. Re-

gional Vice-Presidents: New York, Irving E. Hand; Chi

cago, John Bernhardt; Cleveland, William P. Saunders;

Dallas, Harold E. Mott

Monthly publication of Chilton Company, Chestnut &
56th Sts., Phila., Pa. 19139. (Area Code 215) SHerwood
8-2000. Controlled circulation postage paid at Philadel-
phia, Pa. $1 a copy. Subscription rates U. S. and U. S.
Possessions: 1 yr. $12.00; 2 yrs. $20.00. Canada 1 year
$14.00; 2 yrs. $25.00. All other countries 1 yr. $20.00; 2
yrs. $35.00. © Chilton Company 1969. Title Reg. U.S.
Patent Office. Reproduction or reprinting prohibited ex-
cept by written authorization

The Electronic Engineer « March 1969



Teledyne TO-5 Relays
guality & experience

(right...today and tomorrow)

Teledyne’s reputation for Right you are, that
quality demands adherence Teledyne, the originator
to the right specifications,  and world’s most experi-
the right delivery schedule, enced producer of quality

the right experience and TO-5 Relays, can meet the
facilities and the right Q.C. needs and standards of
system to eliminate tomorrow’s designs.

human error. The price is right.

Send for further information and complete catalog.

<
TELEDYNE RELAYS
A TELEDYNE COMPANY

3155 West El Segundo Boulevard Hawthorne, California
90250 Telephone: (213) 679-2205
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Now
from

AMELCO

$2:80 $1.85 per quad gate
Now you can have High Noise Immunity Logic (HNIL) with no penalty in cost!
In fact, considering all the fringe benefits like throwing out the low voltage
supply, direct lamp and relay drive, elimination of interfacing circuitry, etc.,

you're bound to save money. If you're already using HNIL, just lower the
prices. If you're new to HNIL, compare the following functions and prices:

301 Dual 5 Buffer 2.05 312 Dual JK 4.80

302 Quad 2 ‘Or’able Buffer 2.25 370 Quad D Flip Flop 4.80

321 Quad 2 Gate 1.85 303 Quad Input Interface 2.25
325 Dual 2, Dual 3 Gate 1.85 371 Decade Counter ) available
342 Dual One-Shot 4.80 380 BCD Decoder {  March
323 Quad 2 ‘Or’able Gate 1.85 + 8 more

The prices are further enhanced by a complete logic family with 16 pin
packaging. For example, instead of a Quad two we offer a Quad two with
expanders on two of the gates, or a Dual 3 Dual 2, etc. We also have a
complete applications report covering not only the logic, but the entire noise
problem. We’re not so naive that we believe noise immunity ends with volts,
so we've given it complete coverage in terms of power. So if you want to
learn about noise and forget about it at the same time, design with 300 Series
HNIL and ask for our new 300 Series Application Note.

Quality in Quantity
AN

AMELCO SEMICONDUCTOR
1300 Terra Bella Ave., Mountain View, California (405) 968-9241
Westwood, Massachusetts (617) 326-6600 » Orlando, Florida (305) 423-5833
Ridgefield, New Jersey (201) 943-4700 « Des Plaines, lilinois (312) 439-3250
Anaheim, California (714) 635-3171
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e[ EDITORIAL

Are you still waiting for all the facts?

During the von Neumann Lectures at the IEEE Winter Convention on Aerospace
and Electronics Systems, Dr. James C. Fletcher, president of the University of
Utah, indicated that knowledge is doubling every 12 years, and expressed the fear
that if the time constant gets much shorter, whatever a college student learns will be
obsolete by the time he graduates. Therefore, more time will have to be spent in
acquiring knowledge, leaving less time for applying that knowledge.

The president of Harvey Mudd College, Dr. Joseph B. Platt, delineated the three
methods that have been used efficiently since the renaissance for applying available
information. These methods are: educating more people, teaching them longer, and
having them specialize. All three will be mathematically exhausted by the year 2000,
if knowledge keeps doubling at the present rate.

First, we can educate more people. The percentage of college-age population
who attend college has risen from 4% in 1900 to 43% today. But, even if everyone
could attend college, this percentage can only double once more.

Second, we teach people longer. Some people are now being educated for over
20 years. Still more take courses long after graduation. How much more of a
person’s life can be devoted to formal schooling?

Third, we assign each person only partial responsibility; i.e., we ask him to
specialize. Back in 1776, in his book “The wealth of nations,” Adam Smith called
specialization as the key to productivity. When the supply of a particular specialist
becomes either exhausted or overpriced, engineers devise machines to keep produc-
tivity accelerating. This has happened before with telephone operators, and is
happening in data processing now. There simply are not enough people to do it all.

Relating these problems to management, John R. Moore, vice president of North
American Rockwell Corp., thinks that the hallmark of this age is increasing com-
plexity, a complexity that forces us to make decisions based on less than full knowl-
edge of facts. In this environment of rapid progress and cascading information
generation, one who always waits for complete information before acting will soon
be hopelessly far behind.

Certainly more and more engineering talent will be spent in devising machines
that will distill and impart information efficiently. As a technical magazine in the
vital electronics field, we are in the vortex of this mass of information. Our job is
to analyze this information and present it in perspective so that it serves you, instead
of drawing you into the whirlpool. e
Stephen A. Thompson
Western Editor

To those of our readers
who volunteered to help the doctor

We are sending your name, with a list of your skills and availability, to the New
York Academy of Medicine, which has expressed a great interest in your response.
The Academy will make your name available to its members, who will contact you
directly on a personal basis.

In case you are wondering what this note is about, look for a November 1968
issue of The Electronic Engineer and read the article “Is there an EE in the house,?”
by Roger Kenneth Field, which appears on pages 50-56 of that issue.

The Electronic Engineer *+ March 1969 7




EE] UP TO DATE

Closing the isolation gap

The growing demand for radiation-hardened semicon-
ductors and high-performance linear ICs for consumer
applications is spurring activity in the premium isola-
tion technology. Radiation Inc., Microelectronics Divi-
sion, has a modest, but profitable specialty in dielectric
isolation. (The Electronic Engineer, Aug. 1968, p. 12).
Signetics has just announced an updated version of die-
electric isolation, and Fairchild’s R&D Labs have come
up with a novel means of processing high-quality mono-
lithics. These are measures designed to obtain (com-
pared to conventional junction-isolated ICs) higher
resistance to radiation bombardment; higher breakdown
voltages and cutoft frequencies; and equal, high-quality
npn and pnp elements.

Dishing it out

Signetics mainly wants to increase the high-voltage
capability in linears (The Electronic Engineer, Sept.
1968, p. 14). Reducing contamination during oxide
growth and adding a field plate to neutralize trouble-
some surface-charge effects shifts voltage problems
away from the surface. Breakdown is forced to occur
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in the bulk material, where higher voltages can be ac-
commodated. The company uses an anisotropic etch—
instead of Radiation’s splash etch—to facilitate deep
device structures in high-resistivity material. Signetics
also uses FET current sources and thin-film resistors in
its new linear ICs.

The Signetics networks have breakdown limits rang-
ing from 275 to 350 V. Among these circuits are a video
amplifier, an op amp gain block, and a line-operated
voltage regulator. Also headed for market—probably
by mid-1969—are monolithic CRT deflection stages,
line drivers, and line-operable audio amplifiers.

In contrast, Radiation’s dielectrically-isolated linears,
constructed with its established, less-exotic process, have
breakdowns of about 200 V. “We welcome the addition
of a respectable firm like Signetics to the active dielec-
tric isolation ranks,” says a spokesman for Radiation.
“They will help stimulate the field, which has moved
too slowly because of the lack of alternate suppliers,
and there’s plenty of business to go around.”

Squeeze play

In Fairchild’s case, equal quality elements are ob-
tained by a “sandwich” processing technique. Initially,
the npns and pnps are fabricated on separate, matching
wafers. The two wafers are then glass soldered to-
gether, face to face. Bumps on the pnp are fitted into
pockets in the npn to achieve perfect alignment. Then
the pnp portion is backlapped and mesa isolated. Finally,
the wafers are oxidized, masked, metallized, and inter-
connected.

David Oberlin, research engineer at Fairchild’s R&D
Labs in Palo Alto, says the technique will be applied
to get high-voltage, high-frequency, and radiation-hard
ICs. He cites such pnp characteristics as leakage of 15
nA breakdowns of 65 V, current gains of 300 at 100
1A, and cutoff frequencies of 175 MHz.

In contrast, the lateral pnp elements in pn-junction
isolated ICs have gains of unity and cutoffs of about 1
MHz. In radiation’s ICs the pnp elements have current
gains of 50 to 150 and cutoff frequencies of 200 to 300
MHz. Breakdown is typically 40 V and Icpo is 1 nA.

Etchings. The industry ‘“norm’ (almost viable alternative
to standard pn-junction isolation) is Radiation Inc.’s dielec-
tric isolation (left). Modified form is newcomer from Sig-
netics (center) that uses anisotropic etch instead of splash
etch for sharp depth control. Both techniques yield a num-
ber of electrical advantages, among which are higher break-
down voltages and high, equal-quality npn and pnp trans-
istor elements. Fairchild’s npn-pnp ‘“‘wafer sandwich’ (top)
is a lab development aimed at co-producing equal, high-
quality complementary transistor elements in ICs.
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How our Variplate™

connecting system

keeps your

fifty-Cent IC,S Voltage Plane Contact
from becoming

four-dollar
headaches.

IC’s don’t cost much. Until you
use them. You can buy, say 20,000
IC’s for the innards of a compact
computer, packed in the transistor
cans, flat packs, or Dual-in-Line
(DIP) packages, for a unit cost of
less than fifty cents.

Great.

But then you have to connect
them.

Not so great.

Because those 20,000 IC’s have
anywhere from 200,000 to 280,000
leads waiting to be connected. Fine
leads. Closely spaced. And, of
course, you want to pack the IC’s
as densely as possible. So it’s really
no surprise that your in-place cost
of an IC can climb to $4.00.

Fortunately, we have a system
that can keep your in-place cost
down: the Variplate intercon-
nection system.

With the Variplate system, you
can pack those IC’s—and all the pc
boards and other components you
have—as densely as the application
demands. You can do it on auto-
mated equipment—and we’ll even
do the wiring for you.

All the components
you need.

The system begins with the base
plate, a self-supporting structural
member. It carries the insulated
contact modules, accommodates
secondary components and hard-
ware, and provides for mounting
to support framework.

The plate can be a single
metal sheet that provides a
ground plane, or it can be a
sandwich that provides both volt-

The Electronic Engineer + March 1969

Bus Bar

Bus Bar Contact

age and
ground planes

for common  Voltage T
bussin Plane :
8. Insulation
For the Ground Plane

next layer in
your electronic
sandwich, we have all the header
plates, card-edge receptacles and
guides, and bushings you're likely
to require. (For unlikely
requirements, we’'ll come up

with something new.)

And the connectors. Of course.
Our own respected Varimate™,
Varicon™, and Varilok™ connec-
tors, or standard fork-and-blade,
terminal stud, card-edge, or bus
strip contacts. Your choice.

No holes barred.

We put all these components
together in any size, any shape, and
almost any density of package you
require. Plates can be any size.
Contacts can be spaced on .100”,
125”7, .150”, or .200” centers, in
square or offset grids—on non-
standard configurations where you
need them.

What you get is a solid electrical
and mechanical foundation for your
electronic network, so precisely
made that any automated as-
sembly equipment can take
over from there.

However.

You'll save time and money if
you let us go one step further and
wire your network for you. Our

Feed-thru Bus Terminal

Ground Plane Contact

Connector

Insulating fully
Bushing .
e automatic
Gardner-

Denver machines
prevent rat’s nests, ease
your check-out and debug-
ging procedures. And, of
course, if something is not

quite right, you’ll know
exactly where to place the

responsibility.

Altogether, it’s quite a system.
And worth all the work we've put
into it. Because if we can save you
just a nickel on the cost of in-
stalling each of your 20,000 IC’s
you can add a thousand dollars to

your company’s profits.

We're sure we can save you that
nickel, and more. For more infor-
mation, write, wire, call, or TWX
us for our Variplate interconnecting
systems catalog. Elco Corporation,

155 Commerce Drive,
Fort Washington, Pa.
19034. 215-646-7420;

TWX 510-661-0

ELC Variplate
Connectors
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Monolithic logic today.
Monolithic systems tomorrow.
We've got ideas to deliver.




Many wafers ago Raytheon drafted a blueprint for success in the semiconductor
industry. It's drawn around some very sharp idea men to nudge the state-of-the-art ever
forward. Plus a production line that can turn ideas into products and pour them out
en masse and on time. Here’s a roll call of results, delivered and on the way.

Products for now

DTL: Over 95 circuits in Series 200, 930 and 1000.

TTL: More than 100 circuits in our industry’s-fastest Ray III, and
our SUHL-equivalent Ray I and II.

MSI: We're booming in TTL types, with 18 production circuits based on Ray I and II,
54/74 and 64/84 logic. And more coming fast.

Linears: Industry’s broadest line of popular types. 17 circuits, including standard
and ‘A’ versions of 100, 4100, 700 and 4700 Series.

Transistors: More than 400 standard and high-rel mil types. Switches, drivers,
choppers. And amplifiers—general purpose, low level, high frequency, differential,
dual and Darlington.

Diodes: 1800 types of switching and general purpose diodes, ranging from IN91
to IN4308, at speeds down to 1.0 nanoseconds.

And ideas for tomorrow

But the best is yet to come. Here’s what's cooking for delivery within one year.

Beam lead, of course. Plus 2-layer metal interconnects. 64-bit random access memories.
256-bit read-only memories. Multi-chip memory arrays. Very high speed logic.

High speed NPN and PNP single and quad core drivers. Monolithic diode arrays.

RF transistors.

And we’ve got even brighter things docketed for a little more distant delivery.
Advanced packages—up to 78 leads, using beam lead and multi-layer substrates.
Bipolar and MOS LSI. Computer-controlled LSI design. Radiation hardened circuitry.
Low power ECL MSIL.

Just promises? Not so. We're working on everything on that list, logging day-by-day
progress toward production. So keep your eye on us. Because we intend to be
getting the ideas—and delivering them— for a long time to come.

Browse through one of our detailed, just-completed catalogs. Yours for the asking.
Raytheon Semiconductor, Mountain View, California, (415) 968-9211.
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Cat’s eye TV sees in moon darkness

When the Apollo 9 astronauts take a space walk and
later crews land on the moon, they will have a portable
TV camera with them. This camera can produce pic-
tures, even in lunar darkness. Developed by Westing-
house Defense and Space Center, it can produce good
pictures at night, here on earth, when we have only a
half-moon producing light.

Operating with a secondary electron conduction (SEC)
imaging tube, light level can range from 0.007 to 12,000
foot-lamberts for pictures. The “see in the dark” camera
will require the astronauts to make only two changes—
a lens change (four available) and a scan mode (nor-
mal or high resolution) selection. A normal frame scan
is 10 fps; a high resolution scan is 0.625 fps.

Ten frames of scan will provide acceptable motion

rendition without breakup at the slow speeds at which
the astronauts will move. This scan rate can be easily
converted to 60 fps for viewing on home TV receivers.
A 320-line scan was chosen to obtain nearly equal
vertical and horizontal resolution. The 10 fps mode will
provide about 250 discernible lines on a home TV set,
good enough for viewing.

Eighty percent of the camera is made with integrated
circuits, and the low power unit is equipped with two
handles—one with a 9-ft. cord for cabin use, and the
other with a 100-ft cord for use on the moon’s surface.
The price to NASA is $7.7 million for 17 cameras.

Camera parameters

6.5 W, 24 to 32 Vdc input
7.25 1b

2 Hz to 500kHz

0.007 to 12,000 ft-lamberts
1000 : 1

10 frames/s 320 lines/frame
54 frames/s 1280 lines/frame

Power

Weight

Video bandwidth
Scene illumination

Automatic control range

Scan parameters

Aspect ratio 4 :3
500 TV lines
0° to +130°F
Temperature extremes —300° to 250°F
Linearity 2%

Resolution

Operating temperature

Laminates can be tested at X-band

The 3M Company has been making copper-clad glass-
cloth PTFE laminates for X-band (8 to 12.40 GHz)
applications. But they have had some problems—how to
test for quality control, and how to certify the mate-
rial’s parameters.

X-band stripline test. Vise applies a constant clamping
force to the test fixture, which is a critical factor in obtain-
ing reproducible results. For accuracy, a force gage is used.

12

A good method was needed for testing the relative
dielectric constant (permittivity) and loss tangent (dis-
sipation factor) of laminates at X-band. Most laminates
are only tested at 1 MHz.

After spending several months in the lab, 3M re-
searchers have come up with an easy, repeatable test
setup. Called resonant transmission cavity X-band test
method, it measures 1/32-in. and 1/16-in. laminates,
and can be adapted to other substrates. Measurements
are made under actual stripline conditions, with a res-
onant strip circuit separated from the ground plane by
sheets of the material under test. One of the keys to this
test is the test fixture, which can be made in any lab.

For a copy of the test method, write to Dept. Di8-34,
3 M Company, 3 M center, St. Paul, Minn. 55101, or

Circle 277 on Inquiry Card

Electronized Chemicals Company, South Bedford
Street, Burlington, Mass. 01803 also has a test proce-
dure which they will send to anyone contacting them.
Direct your requests to W. L. Kierstead, or

Circle 278 on Inquiry Card
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SSPl announces the world's first
high-voltage transistors designed for
power switching.

Now, let’s make something out of it.

Like, say, a high-voltage circuit with about half as many components.

Because we now offer you power-switching transistors that sustain up
to 325 volts, guaranteed high speed switching (total turn-on turn-off time
of less than a microsecond) and throw in saturation voltages less than
.4 volts at three amps in the bargain.

Which means this:

In one fell swoop you can get rid of a whole passle of transformers
in the typical aerospace high-voltage circuit. End up with a much-
simplified circuit design, in things like pulse modulators, switching
regulators, converters, and inverters.

Choose the 2N 5660 (up to two amps), or the 2N 5664 (up to five
amps) in either TO-66 or TO-5 packages. Try them for new designs
and as a replacement in existing high voltage circuits.

Add in the longevity factor of planar oxide passivation, to
keep the thing from crackling itself to death, and you've got
one of the most exciting transistors that ever came down
the pike.

So. If you'd like to make somethirig out of it, just call
Alex Polner at (617) 745-2900 and tell him to send
you back the HVST Data Kit. It'll help.

S50 SOLID STATE  ONE PINGREE STREET
SALEM
MASSACHUSETTS 01870
PRODUCTS PHONE: §17-745-2900
DIVISION OF UNITRODE CORPORATION  TWX: 710-347-0226




NEW PRODUCT NO.72

NPN/PNP
GOMPLEMENTARY

POWER

TRANSISTORS

Fairchild’s newest complementary power transistors handle

more power than any other comparable devices.

They’re rated at collector currents of 2, 5 and 10 amps, but current
doesn’t tell the power story. In the Fairchild series, power dissipation
is 30W-100W at 40V (50°C case temperature). That's five to ten

times the power handling capacity of similar transistors on the market.

We haven’t traded power for performance, either. The transistors are
all designed to minimize mismatch and crossover distortion in

Class B and complementary symmetry audio amplifiers. f; is a
minimum of 40MHz, and the beta-linearity shows it. Your amplifier
power output is linear over an extremely wide frequency range.
These same characteristics make the devices the best

choice available for servo amplifiers and high-speed switching
applications (such as military dc-dc converters).

The operating range for all devices is from —65°C to +200°C, and
there’s a variety of packages available to suit specific

applications. Write for our spec sheets and applications information.
Collector / Maximum Power NPN PNP Complement | NPN Price | PNP Price

Current Dissipation* Part No. Part No. (1-99) (1-99)
2A/30W 2N4998 2N4999 $22.50 $28.50
2N5000 2N5001 27.00 33.00

5A/50W 2N5002 2N5003 30.00 36.00
2N5004 2N5005 45.00 54.00

2N5284 2N5286 | 52.50 60.00

2N5285 | 2N5287 | 60.00 75.00

10A/100W 2N5006 2N5007 60.00 90.00
2N5008 2N5009 75.00 112.50

2N5288 2N5290 90.00 135.00

2N5289 2N5291 105.00 157.50

*50°C case temperature

14
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FAIRCHILD
SEMICONDUCTOR
FAIRCHILD SEMICONDUCTOR A Division of Fairchild Camera and Instrument Corporation Mountain View, California 94040, (415) 962-5011 TWX: 910-379-6435
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E-H leads the pulser
field in price...

.®

M

and pe

If you decide to buy a pulser just because it costs less
and it solves your immediate problems, your problems
may have just begun. Before you know it, that pulser
has become obsolete and you’re out shopping for an-
other one. Need a better solution? E-H offers it.

Every E-H instrument is designed to give you the
most advanced solution to your problems today. And
to take care of tomorow’s problems, each instrument
has a built-in margin of performance you never see in
the written specs. That's the extra that makes an E-H
pulser extra useful in years to come.

Here, for example, is one of our newest problem

rformance.

E-H MODEL 137

solvers — the E-H Model 137. This all solid-state pulser
has rep rates of 10 Hz to 100 MHz, pulse amplitude of
up to =5V into 50 ohms (==10V open circuit), DC off-
set of up to =5V into 50 ohms (=+=10V open circuit),
transition times of <<2ns to 200 s, leading and trailing
edges independently variable up to ratio of 10:1, exter-
nal drive requirements 1.2V pos or neg. Price, $1,950.
f.o.b. Oakland.

Call your E-H representative for a demonstration
now. And if our new Model 137 doesn’t quite fit your
needs, ask about E-H’s eighteen other advanced prob-
lem solvers.

E-H RESEARCH LABORATORIES, INC.

515 11th Street « Box 1289, Oakland, California 94604 +« (415)834-3030 » TWX 910-366-7258

In Europe: E-H Research Laboratories (Ned) N.V., Box 1018, Eindhoven, The Netherlands, Telex 51116
In Japan: Iwatsu Electric Co., Ltd., No. 710, 2-Chome Kugayama Suginami-Ku, Tokyo, Japan

16 Circle 14 on Inquiry Card
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FOREFRONT

The EE Forefront is a graphical representation of the
practical state of the art. You will find here the most
advanced components and instruments in their class,
classified by the parameter in which they excel.
A word of caution

Keep in mind the tradeoffs, since any parameter can

be improved at the expense of others. If there is no
figure-of-merit available, we either include other signifi-
cant parameters of the same products, or we provide
additional bar graphs for the same products.

Do not use these charts to specify. Get complete
specifications first, directly from the manufacturers.

INSTRUMENTS

Differential voltmeters (dc)

Fluke 885A
Fluke B95A
Fluke 883A Fluke 887A

Medistor A-72
Fluke 88IA  Prec.Standards 1002 H-P 3420

0.0l 0.005
Fluke 887A Medistor A-72
Prec.51ds1002 ¢ Lo oLy

H-P 3420 Fluke 883A

0.0025 0.002

Fluke 803D Fluke 8B85A

@R 1 Accuracy
0.001 ' * % of reading

Fluke B88IA

1375 1350 1300 1215 1125 1055 965

Differential voltmeters (ac)

0.l
Pulse generators

Datapulse 112 Research 122

R 1 Price

Fluke 803D
Fluke 823A Fluke 887A
Fluke 883A Prec. Standards 1002

R === Agcdracy

Datapulse 113

825

* % of reading

125 150 200

Chronetics PG-13
H-P 214A

50 *100

Chronetics PG-ll

CMC SP-066

15

X-Y Recorders
Varian
F-80A HP-7000A

Honeywell 500

Honeywell 560

Highest PRF
250 MHz

Qutput pulse amplitude
Volts

Offset voltage
R Volts

20 10 5 4 |

WWVEB Recervers
H-P II7A

1300

_ A S D ERR Sensifivify

Gertsch RLF-1{

875 $

wV/mm

The Electronic Engineer « March 1969
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EE] FOREFRONT

INTEGRATED CIRCUITS

Operational amplifiers

Fairchild Transitron
HLAT4IC TOA7709
Motorola National Radiation  Union Carbide National
MC I539 L MIOI RA 909 UcC 4000 LMIOIA

R R R S =——— Input bias current
200 120 - 00587 50 (typical) nA

Voltage regulators

NPC LAIOO Transitron TVR 2000
National LMIOO Fairchild pA723 Motorola MIS60R

i T T T == — Output current
12 150 500 mA
Power amplifiers

Amperex TAA 300
G.ElectricPA234
Motorola MCI1554
RCA 3020A
Trans Tek TT1

Watts
SEMICONDUCTORS
Silicon power transistors (npn)

L Westinghouse 1441 Westinghouse 140l

) Power dissipation
600 625 Watts

200 350 400
Delco DTS-425
Solitron SDT-1164

Amperex A750

Motorola
MJE 840!

B 1 Vcgx-Volts

700 750 1200 1400

Solitron )
2N4866 Transitron STI40I| Westinghouse 1441

= i R i ey ] CO“eCfOT current
50 70 80 100 150 Amps

(Vego 2120V) (Vegg =100V) (Vego =120V)
Thyristors
Westinghouse 282 (1500V)
General Electric Interndtional Rectifier
C790 (1200V) 470 PA G.E. C500X!(1800V)

I, 1 Forward current
1000 1200 Amps

475 740 850

AIR-COOLED WATER COOLED
International Rectifier
7IRAIO0S80

GE C380 Westinghouse 272 Motorola 2N4199

B 1 Voltage rise

200 300 400 500 600 dv /d"V/,u.S

National
NL-FI50

Westinghouse 260
GE C380

International Rectifier
8IRLBI20

i 4 ] Current rise
100 200 600 800 5,000 di/dt-A/us
(125A-1200V)
Microwave mulliplier diodes
Raytheon Raytheon
Raytheon MS-5000 MS-5100 MS-5200
Frequency
GHz

6 10
(2w) (0.5wW) (250mw)

18
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Foxboro engineers select A-B hot molded potentiometers
“Best repeatability—component-to-component
and setting-to-setting”

A-B Type J hot molded
variable resistor rated 2.25
watts @ 70°C. Available in
single, dual, and triple
units. Standard total resis-
tance values from 50 ohms
to 5 megohms. Special re-
sistance values and tapers
can be supplied.

©Allen-Bradley Company 1967

867E-2

Widely used throughout the process
industries, the Foxboro Model 62H
Universal Controller is a highly depend-
able precision instrument. During the
years of painstaking development,
Allen-Bradley engineers worked closely
with Foxboro to provide a potentiome-
ter having unusually high resistance
values, which would provide the precise
performance required.

Allen-Bradley Type J potentiometers
were the answer. They have a solid hot
molded resistance track which is pro-
duced by an exclusive A-B molding tech-
nique that assures extremely long oper-
ating life. Accelerated tests—exceeding
100,000 revolutions—show very slight
resistance change. Control is smooth at
all times with adjustment approaching
infinite resolution. There are none of
the abrupt turn-to-turn resistance vari-

Foxboro Model 62H electronic’
controller for process regulation.
The control mode adjustments use

Allen-Bradley Type J hot molded variable

resistors with values of 10, 100,
and 200 megohms.

ations inherent in wirewound controls.
Furthermore, Allen-Bradley Type J po-
tentiometers are—for all practical pur-
poses—noninductive, permitting their
use throughout the frequency spectrum.

Whether your particular circuit de-
sign can be best satisfied with one of
the millions of standard Type J varia-
tions or whether it calls for unusual
resistance characteristics, it will pay you
to look first to A-B Type J potentiome-
ters. Their more than 25-year history of
providing superior performance is your
guarantee of complete satisfaction. For
full details, please write for Technical
Bulletin 5200: Allen-Bradley Co.,
1201 South Second Street, Milwaukee,
Wisconsin 53204. Export Office: 1293
Broad St., Bloomfield, New Jersey,
U.S.A.07003.In Canada: Allen-Bradley
Canada Limited.

ALLEN-BRADLEY

N/ QUALITY ELECTRONIC COMPONENTS




e[ CALENDAR

MARCH

9 10 11 12 13 14 15
16 17 18 19 20 21 22
23 [24 25 26 27| 28 29
30 31

March 12: Plastics Powders-lll, Shera-
ton Motor Hotel, Akron, Ohio. Addtl.
Info.—Robert G. Hills, ¢c/o NRM

Corp., 47 W. Exchange St., Akron,
Ohio 44308.

March 24-27: IEEE Int’l Conv. & Exhbt.,
Coliseum & N. Y. Hilton Hotel, New
York, N. Y. Addtl. Info.—J. M. Kinn,
|IEEE, 345 E. 47th St., New York,
N. Y. 10017.

APRIL
1 2 3 4 5
6 7 8 9 10 11 12

13 14 15 16 17 18 19

20 21 |22 23] 24 25 26
27 28 29 30

April 8-10: Cleveland Electronics Conf.,
Cleveland Eng'g Center, Cleveland,
Ohio. Addtl. Info.—Mike Lapine,
Conf. Director, 1610 Euclid Ave.,
Cleveland, Ohio 44115.

April 8-10: Image Display and Record-
ing Symp., Air Force Avionics Lab,
Wright-Patterson AFB, Ohio. Addtl.
Info.——Don Learish, Information Of-
fice, Wright-Patterson AFB, Ohio,
(513) 255-5771.

April 15-18: Int'l Computer Aided De-
sign Conf., Univ. of Southampton,
Southampton, England. Addtl. Info.
—IEE, Savoy Pl., London, W.C. 2,
England.

April 22-23: 17th Annual Nat'l Relay
Conf., Oklahoma State Univ., Still-
water, Okla. Addtl. Info.—Dr. Monroe
W. Kriegel, Director, Eng'g and In-
dustrial Extension, Oklahoma State
Univ., Stillwater, Okla. 74074.

April 23-25: Southwestern IEEE Conf. &
Exhibition, San Antonio Conv. Ctr. &
Palacio Del Rio Hotel, San Antonio,
Tex. Addtl. Info.—S.W. Seale, S.W.
Res. Inst., Box 2296, San Antonio,
Tex. 78206.

April 30-May 2: Electronic Components
Conf., Shoreham Hotel, Washington,
D. C. Addtl. Info.—Electronics Ind.
Assoc., 2001 “I'" St., N.W., Washing-
ton, D. C. 20006.

20

MAY
1 2 3

4 5 6 7 8 9 10

11 12 13 |14 15 16| 17

18 19 20 21 22 23 24
25 26 27 28 29 30 31

May 5-8: Int'l Microwave Symp., Mar-
riott Motor Hotel, Dallas, Tex. Addtl.
Info.—Julius Lange, Texas Instru-
ments Inc., Dallas, Tex. 75222.

May 5-8: Design Eng’g Show and Conf.,
Waldorf-Astoria Hotel and Coliseum,
New York, N. Y. Addtl. Info.—Ban-
ner & Greif, Ltd.,, 369 Lexington
Ave., New York, N. Y. 10017.

May 6: Digital Communications Symp.,
Los Angeles, Calif. Addtl. Info.—
IEEE Office, 3600 Wilshire Blvd., Los
Angeles, Calif. 90005.

May 6-8: 23rd Annual Frequency Con-
trol Symp., Shelbourne Hotel, Atlan-
tic City, N. J. Addtl. Info.—Direc-
tor, Electronic Components Lab.,
U.S. Army Electronics Command,
Att: AMSEL-KL-DT (Mr. M. F. Timm),
Fort Monmouth, N. J. 07703.

May 14-16: Spring Joint Computer
Conf., Sheraton Boston Hotel, War
Mem. Audit., Boston, Mass. Addtl.
Info.—Norman Bryden, Honeywell
EDP, 60 Walnut St., Wellesley, Mass.

May 19-21: Aerospace Electronics Conf.
(NAECON), Sheraton Dayton Hotel,
Dayton, Ohio. Addtl. Info.—M. G.
Coleman, Gen'l Precision Inc., 33
W. 1st St., Dayton, Ohio 45402.

R N AT TR S SRR
'69 Conference Highlights

IEEE—Institute of Electrical and Elec-
tronics Engineers Int’l Convention &
Exhibition, March 24-27; New York,
New York.

WESCON—Western Electric Show and
Conv., August 19-21; San Francisco,
Calif.

NEREM — Northeast Electronics Re-
search and Eng'g Meeting, Nov. 5-7;
Boston, Mass.

Call for Papers

April 30-May 2, 1969: Electronic Com-
ponents Conf. Submit four copies
of 100-300 word abstract before
April 1, 1969 to Dr. J. O’Connell,
ECC Technical Program Chairman,
Electronic Industries Assn., 2001
Eye St., N.W. Washington, D.C.
20006.

SIWIREH
B AN
‘FORUM

for computer
and data
processing
engineers

I appreciate the cost-saving aspects
of the DW “Multi-Switch,” but what
about quality? My requirements
aren’t too sophisticated, but I still
need all the switch life I can get.

Let’s put it this way. Typical life of
the DW “Multi-Switch” will approx-
imate 100,000 cycles at low-level
loads with no appreciable increase
in contact resistance. That's at least
a five-fold improvement over simi-
lar switches.

I'll need more than 3 amps contact
rating for my data retrieval relays.

Will 6 amp contact capacity take
care of your retrieval relays? The
DW **Multi-Switch” can meet this
requirement with special inlaid sil-
ver contactors. The important thing
to remember is to talk over your spe-
cial needs with Switchcraft.

What about obsolescence? We can
really get socked when a model
change obsoletes wired switch
panels in stock.

Here's where the DW Switch can
save you redesign costs. Any DW
“Multi-Switch” module (See Fig. 1
opposite page) can be easily removed
from the switch frame. Other wiring
or modules need not be disturbed.
The module can be replaced in just
a few seconds with a simple twist of
the module mounting tab. (See
below.)

DW “Multi-Switch” modules are al-
so available with red, white or black
pushbuttons and the same replace-
ment procedure would apply if a col-
or change in pushbuttons is required.

GET COMPLETE FACTS ON
SWITCHCRAFT “MULTI-SWITCH”
SWITCHES BY SENDING FOR
THE “FORUM FACTS” HAND-
BOOK. JUST CIRCLE THE READER
SERVICE NUMBER BELOW.

Circle 16 on Inquiry Card



I can tell you right now, if the new DW “Multi-Switch”
doesn’t save on space and cost, and offer plenty of
versatility it’s going to be a dud!

That’s the point. Switchcraft designed this compact
pushbutton switch to do both. It's not just a scaled
down version of an existing ‘“Multi-Switch”.

I'll buy your design philosophy so long as you haven’t
sacrificed the versatility and quality we’ve been accus-
tomed to on your larger switches. And, don’t forget
economy.

Let's tackle your points one by one, and see how the
new Series 65000 DW “Multi-Switch” shapes up!

We've guaranteed versatility by using simplified modu-
lar construction. Essentially, the switch consists of a
frame up to 18 stations long, latch bar for function
control and switching modules that provide up to 2C
(DPDT) circuitry.

Fig. 1

~ Series 65000 DW “Multi-Switch” assembly
' o

Fig. 1 shows how these elements are combined to com-
plete the switch. The latch bar and mating actuator
configuration determine the functional operation, such
as: Interlock, All-lock, Non-lock, and even special
functions. The push-to-lock, push-to-release function is
also available and can be combined with Interlock, All-
lock, Non-lock on the same switch frame without any
interaction between the various functions.

We don’t have space to cover all the versatility details,
such as, printed circuit terminals, pushbutton engrav-
ing, accommodation for mounting with Tinnerman
nuts, etc. JUST CIRCLE THE READER SERVICE
NUMBER FOR NEW PRODUCT BULLETIN #174.

*Patent applied for

The Electronic Engineer * March 1969

on the new

DW
“Multi-Switch.”

An example of quality construction is the rigid frame,
and double-wipe contactors used for extreme reliabil-
ity. Fig. 2 shows how the ‘U” shaped contactor pro-
vides positive contact and minimizes “bounce”. Also,
the molded nylon pushbutton actuators are an integral
part of the module. They can't be lost or pilfered.
Our quality story ties right into economy. You can't
buy a better made, compact multiple-station push-
button switch for the money.

We’ll accept the commercial, only because you have
the reputation to back it up. The design looks great,
but what about ratings and special circuit applications?

Typical ratings for silver-plated contactors would be
3 amps. A.C,, 0.5 amps. D.C. 125v. non-inductive. For
dry circuit applications, gold flashed contactors and
terminals could be furnished. As usual, we're glad to
engineer specials to accommodate your volume
requirements.

I'll probably have more questions after we get a few
samples on test. In the meantime, I'd like certain
members of my staff to get complete engineering de-
tails on the DW “Multi-Switch” switch.

Just have them drop us a request on your company
letterhead for complete technical scoop. Also, we'll
add their name to our TECH-TOPICS mailing list to
receive this engineering-application magazine every-
other month. Over 10,000 engineers find the applica-
tion stories very interesting and useful in their work.

SO CORY

5539 North Elston Avenue *® Chicago, Illinois 60630

*Patent applied for
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san fernando

€electric manufacturing company

Electronic components
of proven reliability

INTRODUCES
AN OUTSTANDING RFI FILTER

Actual Size

TYPE CF MINIATURE RFI LOW PASS
FILTER SERIES DEVELOPED BY WEST-CAP®

PACKS MORE INSERTION LOSS IN A
SMALLER UNIT THAN EVER BEFORE

Plus all these features:

MINIATURE SIZE * LOW WEIGHT + LOW D.C. RESISTANCE - HIGH
ATTENUATION + HERMETICALLY SEALED - BROADER RANGE OF
VALUES * GOLD OR SILVER PLATED, STEEL CASE - HIGHER CUR-
RENT RATINGS (TO 15 AMPS.)

Dimensions (inches)
———————————
1/4-28 UNF-2A

050-REF
3.
REF.109 375 dia
«¢i) ok
—- 200 |
| | e
010 | isp. | s60:0 L. ico

20
670 + 020

NOTE: Supplied with nut and lockwasher

Ordering information Voltage
CF 4 A PO6 1 G
S o —r= A 50
| I B 100 ¥gg
TYPE VOLTAGE MOUNTING C 200 VDC
CIRCUIT CURRENT  STYLE  TERMINAL 115 VAC)
STYLE (
Circuit

Mounting Style Current in Amperes

1 L-IN o—/YIV =0

2 1 .312  NO FLATS PO6 06 A
H 2 312 2 FLATS PiE 18 A
2 L-our o TIN—o 3 .190  NO FLATS P25 .25 Amps.
= 4 190 2 FLATS P50 50 Amps.
== 1PO 1.0 Amps.
3 = T b= 2PO 2.0 Amps.
- = Terminal Style 3PO 3.0 Amps.
T — Y= —o N 5PO 5.0 Amps.
4 T G 90° LUG 10P  10.0 Amps.
- L LEADS 18P  15.0 Amps.

Call your representative of West-Cap high-reliability
products or contact West-Cap Division— where service
and quality count.

WEST-CAP DIVISION

1501 First Street, San Fernando, California
Telephone : (213) 365-9411 TWX (213) 764-5963

STANWYCK WINDING
NEWBURGH, NEW YORK

WEST-CAP ARIZONA
TUCSON, ARIZONA

GENERAL SCIENTIFIC
SAN FERNANDO, CALIFORNIA
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Gallium arsenide with pos. TCR
Sir:

Dr. Zverev, in his recent article
“Microwaves are going solid” The
Electronic Engineer, Nov. 1968, p. 61,
had reference to the negative tem-
perature coefficient and lack of repro-
ducibility in bulk Gallium Arsenide,
as being factors holding up the devel-
opment of solid state microwave de-
vices.

Semicon Electronic Materials can
supply Gallium Arsenide with positive
temperature coefficient and good con-
trol of carrier concentration as the
following figures show.

Semicon Gallium Arsenide

Sample 1
Temperature Room 70°C
Resistivity 0.310 0.362 Q—cm
Mobility cm2/V—s

5154 4149
Carrier Conc. 3.9x1015  4.2x1015  cm-3
Resistivity (70°)
————————— = 1.18 (Positive TCR)
Resistivity (Room)

Sample 2
Temperature Room 70°C
Resistivity 0.911 1.014 Q—cm
Mobility 5587 4537 cmz/V—s
Carrier Conc. 1.2x1015  1.4x10'5  cm-3

Resistivity (70°)
—————————— = 1.11 (Positive TCR)
Resistivity (Room)

R. I. Stearns

Semicon Electronic Materials,
Inc.

8810 Frost Avenue

Saint Louis, Missouri

Yes, there is an EE in the house
Sir:

After reading the article ‘Is There an
EE in the House’ [The Electronic
Engineer, November 1968, p. 5071, I
feel that I should acquaint you with a
new service to the hospital industry
and the medical profession that this
unit of The Bendix Corporation is
offering. We are operating a Medical
Equipment Service Center for hos-
pitals in Beltsviile. Maryland serving
the Baltimore-Washington area and,
just this week, opened a Center in
Chicago. Subsequent Centers are
planned in Houston, Los Angeles and
in the other major population areas of
the country.

The Medical Equipment Service
Center provides an annual engineered
maintenance concept to hospitals. It
is a 24-hour a day, 7-day a week
service covering a broad spectrum of
medical equipment in hospitals and
doctors’ offices. Initially, we evaluate
every piece of equipment under the

(continued on page 26)
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OnlyAMP has this:

MIL-C-39012
all crimp no solder

BNCand N series
coax connectors

AMP was the first to get rid of the solder in coax connectors.
All of jt.
We replaced it with an all-crimp method.

A single A-MP*tool crimps the center conductor, braid and insulation to et
give you a MIL-C-39012 no solder connection in 30 seconds, or even less. ?

Save time. Expect the absolute minimum of rejects. Get performance
that meets the highest qualifications at lowest installed cost . . .
everything you'd expect from the world leader in crimp technology.

What happened to solder in coax connectors? AMP knows
the story right from the start, and we’d be most happy

to share the information with you. Just write:

Industrial Division, AMP Incorporated, Harrisburg, Pa. 17105

*Trademark of AMP INCORPORATED



CUSTOM
CIRCUITS
OFF-THE-
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ALMOST.

With Fairchild’s new MOS MICROMOSAIC™ arrays, you get low-cost, custom digital
subsystems so fast they’re almost off-the-shelf.

The key to this lower cost and rapid turnaround time is the new computer-aided design
technology we've developed for our MICROMOSAIC arrays. The entire design sequence —
logic simulation and verification, cell selection and placement, artwork and test sequence
generation — is performed by the computer directly from a logic diagram. Logic cells for the
arrays are selected from a library of more than 45 pre-designed MOS functions (using
either high- or low-threshold technology for MOS or bipolar interface compatibility).

Each completed MICROMOSAIC array consists of only the logic your application calls for.

With MICROMOSAIC arrays, your small, custom computers and special-purpose logic
functions for industrial or military control systems can be competitive with standard products
on price and delivery. And way ahead on performance. (It offers so much, we're
using MICROMOSAIC for some of our own standard products.)

Take the first step toward getting this technology into your systems. Write for our Micromosaic
Array Design Handbook today. It’ll tell you how much integration we can apply to your
system. And give you an idea of how much time and money we can save you doing it.

s Fairchild Semiconductor A Division of Fairchild Camera
FAIRCHILD and Instrument Corporation Mountain View, California 94040

Rl s v sy s 2 P
SEMICONDUCTOR (415) 962-5011 TWX: 910-379-6435.

The Electronic Engineer + March 1969 Circle 20 on Inquiry Card

25




MB Environmental Dynamics

Anaylsis Instruments - Signal Conditioning - Electrohydraulics - Pressure Measurement - Vibration Systems

MB/Alinco pressure cells offer ideal cost/range/

accuracy combination

Zero Drive* technique eliminates
noise, impedance effects in data
acquisition and signal conditioning.

The Zero Drive technique of data acqui-
sition and signal conditioning is applicable
to all types of systems involving piezoelec-
tric transducers for measuring force, pres-
sure, sound, acceleration, etc. It is expected
to find unique applications in areas beyond
environmental testing including sonar,
medicine, industrial monitoring, nuclear
blast detection, geological measurement
and “signature” analysis of equipment.

Zero Drive capabilities include micro g
measurement, deep water acoustic measure-
ment, long distance signal transmission,
measurements requiring single or double
integration and low frequency measure-
ments.

With Zero Drive, impedance of the signal
circuit is effectively reduced to zero thus
eliminating effects due to cable nbise and
external loads.

MB offers a complete range of Zero Drive
modules to permit tailoring acquisitioning
and conditioning systems to any need.
°Trademark

Reader Service No. 103

An introduction to vibration

In 1946 MB Electronics offered the first
commercial electrodynamic vibration test
system. Since that date, vibration technical
societies have been formed around the
world and one of the most advanced scien-
tific technologies has developed, largely as
a result of the nation’s areospace program.

If you would like to learn how vibration
testing can help you in design, we’ll be
happy to send you the 16 page brochure
entitled, “Introduction to Vibration and its
Applications”. (It’s possible to establish
your own vibration test facility for as little
as $1,500.)

Reader Service No. 105
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Since their introduction less than 2 years ago,
MB/ Alinco Series 500 bonded strain gage
pressure transducers have gained outstand-
ing acceptance for laboratory and field
use by governmental and commercial users.

The widespread use of Series 500 trans-
ducers is the result of a near-perfect bal-
ance of cost, range and accuracy. PSIG
models sell for less than $200; PSIA models
are less than $250. Static error band is
+1%% with ranges of 0-50 up to 0-10,000
psi available. Pressure cavities of Series 500
transducers dre 17-4 PH stainless steel.

Compatible, direct-reading meters and
an extensive line of standard temperature
and cryogenic pressure transducers are also
produced by MB.

Reader Service No. 101

Testructure* systems meet needs
for over-the-road simulation and
structural fatigue testing.

Testructure systems are advanced modu-
lar electrohydraulic systems for full scale
fatigue and vibration testing of vehicles,
structures and components at high force
and displacement levels.

Modular components provide higher
force/ frequency performance and better
reproduction of test profile waveforms than
other available electrohydraulic test sys-
tems. And they make it possible to tailor
systems to specific needs.

A twelve page brochure, Bulletin No.
250, is available.
°Trademark Reader Service No. 102

Data and spectrum analysis semi-
nars start March 25th

The first in a nationwide series of semi-
nars on processing and analyzing data from
measurements of environmental phenom-
ena is scheduled March 25-28, 1969.

The program will cover all phases of
spectrum analysis, developing a strong
foundation of fundamentals and progress-
ing to advanced concepts and technology.
Typical analysis equipment will be dis-
cussed and demonstrated.

Instructor for the series is Donald S.
Blomquist, Assistant Professor of Mechani-
cal Engineering, and Director of the Dy-
namics Laboratory, Catholic University of
America, Washington, D.C. He is a mem-
ber of the Acoustical Society of America,
and a consultant to the Federal Aviation
Agency, Potomac Research Inc., and the
District of Columbia Redevelopment Land
Agency.

Tuition is $200 per registrant and in-
cludes all instruction, supplies and text.
For additional details of the series, and
future dates, contact Robert H. Morse at
MB Electronics.

Reader Service No. 104

ELECTRONICS
MB A textronl COMPANY

P.0. BOX 1825, NEW HAVEN, CONNECTICUT 06508
Tel. (203) 389-1511 Twx 710 465-3283 Telex 0963-437

(continued from page 22)
plan and restore it to manufacturer’s
standards and maintain it at that level
during the life of our contract. Obvi-
ously, we are learning about all of the
equipment in hospitals and may be
able to assist “The Electronic Engi-
neer” and the medical profession in
some way not now obvious to us.
A. S. Pawling
Vice President, Marketing
Bendix Commercial Service Corp.
Owings Mills, Md.

EDITOR'S NOTE: Readers who wish
more information on Bendix's service
can request the brochure ‘“Medical
Equipment Service” from Mr. Pawling
at Bendix Commercial Service Corp.,
Reisterstown Road and Painter's Mill
Road, Owings Mills, Md. 21117.

Standards for IC diff’'l amps.

Sir:

With reference to the article, “Let’s
standardize linear ICs,” (The Elec-
tronic Engineer, Jan. 68, p. 60), I
believe it would be helpful to add a
few important circuit specifications
for operational amplifiers not listed
in the article.

First, differential amplifiers which
are not driven from strictly symmetri-
cal sources (this applied, in particular,
to gencral-purpose computer ampli-
fiers) require specification of the in-
put-bias-current drift, rather than the
off-set-current drift with temperature:
bias-current drift is the most serious
source of temperature drift in many
operational amplifiers with bipolar-
transistor input.

Sccond, a simple bandwidth speci-
fication is a —3dB frequency is fre-
quently misleading or insufficient in
the case of amplifiers intended for
high-gain feedback operation. Actually
no single number is sufficient for this
purpose, and most manufacturers give
a frequency-response curve; what must
then be standardized is the set of con-
ditions under which the frequency-
response is taken, especially source
and load impedances. The highest fre-
quency at which full-rated voltage and
current output can be obtained is also
of interest.

Finally, it would be very useful to
have not just the static dc value of the
common mode rejection ratio, but also
its frequency response; this is now
found in very few amplifier specifica-
tions. Nevertheless, this quantity is
decisive in determining high-frequency
noise rejection.

Granino A. Korn
Professor

The University of Arizona
Tucson, Arizona

The Electronic Engineer « March 1969



Choose the colorful EMCOR team
you'd like to have working for you.

EMCOR has all kinds of pretty models, including our standard Enclosures. The captivating colors are
new. B Of course, we all know colors can be beautiful. They can also be useful. “Color-engineered”
EMCOR® Modular Enclosure Systems are both. B By applying color psychology, you can create the
effect you want with EMCOR cabinets. Olive Green and Blue are relaxing and thoughtful, Gold is rich
and elegant, Black is dignified, White pure and clean, Tan soft and warm. ® You can use our colors
functionally to codify operations or to identify areas of operator responsibility. However you use
them, they’re beautiful and contemporary. And, of course, the cabinets are EMCOR quality. ®
““Human engineering’’ is another EMCOR asset. Our engineers “watch” people so that your people
can make optimum use of equipment, both visually and manually. Enclosures that are designed with
“human engineering” in mind help eliminate mental and physical fatigue. ® Write for full details on
how EMCOR offers enclosures that are more than just enclosures. EMCOR Reg. U.S. Pat. Off.

EMCOR/colorful cabinetry

EXPORT SALES: BORG-WARNER INTERNATIONAL, 36 S. WABASH, CHICAGO, ILLINOIS 60603
Ingersoll Products 1035 w. 120t st. Chicaso, 11 60643 DIVISION OF BORG-WARNER CORPORATION

BORG ¥ WARNER
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Like this solid logic circuit package, a key mem-
ory device in IBM’s new Composer. The Composer
electronically sets, justifies and corrects type for
printing. It was developed at IBM Lexington, Ken-
tucky, and is just one example of the electronic
challenges and opportunities you'll find here.

What you’d do

We have immediate openings for electrical en-
gineers with a B.S. or M.S. degree. If you qualify,
you could go into one of several areas:

Semiconductors: You’d work with solid state semi-
conductor devices, optimizing their capabilities in
practical applications.

Design: You would be involved with logic design,
logic circuit design, analog and digital circuit de-
sign, and digital logic design.

Testing: You would test electronic and electro-
mechanical equipment—both manufactured prod-
ucts and the test equipment itself.

Grow with IBM

At IBM Lexington we produce a line of sophisti-
cated office products: electric typewriters, dictat-
ing equipment, printers. And the line is constantly
growing. In fact, we develop one major new prod-
uct at Lexington about every 18 months.

Progress like this has made IBM a leader in the
world’s fastest growing major industry—informa-
tion processing. Maybe your ideas can help solve
some of the problems we face in electronics, and
you can grow with us.

Write to us now

If you're interested, send your resume to Dick
Bell, IBM Corporation, Department CB 1034, New
Circle Road, Lexington, Kentucky 40507.

An Equal Opportunity Employer

IBM



Get the right technical data:
Know where to look for it

The accompanying chart will make your life as

an engineer simpler. It tells you where to

go to get the specific type of information you need.

By Joel J. Shulman,

Specialist in Technical Communications, Plainview, N. Y

“Gentlemen:

I am currently working on a project which requires
your Model 87B, or equivalent, in my system. Please
send me your latest catalog for hook-up data.

Very truly yours . . .”

Looking for data? You’ve come to the right company.
The girl at the mail desk reads the letter, gives it to a
clerk to send you a catalog. You get the catalog. No
hook-up data. You're annoyed. The company sent you
the wrong information.

Whose fault? Your fault!

What has gone wrong?

You went to the right place for the wrong informa-
tion. You pre-selected the type of data you wanted and
then decided, on your own, that it should appear in that
company’s catalog.

The company you wanted the information from could
casily have processed your request correctly if it wasn’t
so specific. Most likely, a qualified engineering repre-
sentative would even have helped develop your data to
become compatible with his data. And, not at all un-
likely, he might have helped you develop your data to
become compatible with sources competitive to him as
well.

If, on the other hand, the company did not make the

The Electronic Engineer » March 1969

product you sought, it could help you by recommending
a probable source. Since goodwill is an important part
of a company’s ability to do business, anything which
generates goodwill is welcome. Nevertheless, since you
wish to obtain specific information, asking the right
question of the wrong company is wasteful. You will get
greatest value if you go directly to the data you require.

Presentation patterns

Most companies conform to similar patterns in pub-
lishing their technical literature. For example, annual
reports of companies in like industries usually contain
the same types of information. This is an advantage
which many engineers overlook. In some cases, data
must be sought from a different industrial field. Unless
you know what type of data sources to consult, you
may find it hard to get the right information.

What types of data are you looking for? What types
of data sources carry such information? Where and
how can you find them? The table on the next page is
a grid listing of information type vs likely source. It
cannot cover all possible conditions but it will do for
most.

Basically, the chart groups data types into three major
categories: information on the existence of a product
(or process or system); application data involving
methods, locations, conditions; and evaluation data. In
cach of these categories there are many specific types
of information you might want.
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IF THIS IS THE INFORMATION
YOU WANT TO KNOW

DATA SOURCES USUALLY AVAILABLE OR ON

finding data sought

30
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News of new products
News of existing products
Information to
help you select Related products, to extend
product and de- value of existing products
termine avail-
ability Technical specifications .
2 2
News of new literature
Performance specifications
Operational setups
AppIication in- (including applications)
formation you Operation and maintenance
need to evaluate procedures
suitability of -
particular pro- Installation data .
duct for desired
objectives — i
Availability and price
Company'’s ability to produce
and deliver on time
Qualitative data on product
performance
Inform?tlon an Quantitative data on product
operation and performance
use of the
product Comparative evaluations of
similar to related products
Operating experience of users
Excellent likelihood of . Good likelihood of
finding data sought finding data sought 1. Reference is only to technical house organs (or company
magazines), not to general types going to non-technical
audiences. A
2. This is the new literature itself, as cited in other litera-
ture, such as in trade journals or newsletters.
3. Generalily lists only standard production items.
- . 4. May be tentative specifications.
Poor likelihood of Almost no likelihood 5 Except if the development involves installation improve-

ments.
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CALL WHEN NEEDED

DATA SOURCES WHICH USUALLY HAVE TO
BE CATALOGUED FOR FUTURE USE UNTIL NEEDED

The Electronic Engineer « March 1969
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6. Because directory editors must rely heavily on state- a partially designed product.
ments by manufacturers, such directories tend to be 8. Sometimes overstated and optimistic. )
less than 1009% accurate. To overcome this failing, 9. Field sales personnel cannot know everything about a
directory compilers insist that they receive printed (not product because of their remoteness from the engineer-
just typewritten) catalogs and data sheets on those ing location and function.
products listed by the manufacturer. 10. May be news about existing older product. o
. Many sales personnel learn of the new product at the 11. If it appears at all, it is part of a particular publicity
same time as it is publicly announced. Managements campaign.
are reluctant to give sales people information on prod- 12. Excluding price proposal. o
ucts under development for fear that salesmen may sell 13. The proposal presumes the unavailability of the product.
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Interelectronics all-silicon thyratron-like gat-
ing elements and cubic-grain toroidal magnetic
components convert DC to any desired number
of AC or DC outputs from 1 to 10,000 watts.

Ultra-reliable in operation (over 260,000
logged hours), no moving parts, unharmed by
shorting output or reversing input polarity.
High conversion efficiency (to 92%, including
voltage regulation by Interelectronics patented
reflex high-efficiency magnetic amplifier cir-
cuitry.)

Light weight (to 6 watts/0z.), compact (to
8 watts/cu. in.), low ripple (to 0.01 mv. p-p),
excellent voltage regulation (to 0.1%), precise
frequency control (to 0.2% with Interelectronics
extreme environment magnetostrictive stand-
ards or to 0.0001% with fork or piezoelectric
standards.)

Complies with MIL specs. for shock (100G
11 mlsc.), acceleration (100G 15 min.), vibra-
tion (100G 5 to 5,000 cps.), temperature (to
150 degrees C), RF noise (1-26600).

AC single and polyphase units supply sine
waveform output (to 2% harmonics), will
deliver up to ten times rated line current into
a short circuit or actuate MIL type magnetic
circuit breakers or fuses, will start gyros and
motors with starting current surges up to ten
times normal operating line current.

Now in use in major missiles, powering
telemeter transmitters, radar beacons, elec-
tronic equipment. Single and polyphase units
now power airborne and marine missile gyros,
synchros, servos, magnetic amplifiers.

Interelectronics—first and most experienced
in the solid-state power supply field produces
its own all-silicon solid-state gating elements,
all high flux density magnetic components,
high temperature ultra-reliable film capacitors
and comp ts, has lete facilities and
know how—has designed and delivered more
working KVA than any other firm!

For complete engineering data, write Inter-
electronics today, or call 914 ELmwood 8-8000
in New York.

INTERELECTRONICS CORP.

600 U. S. Route 303, Congers, N. Y.

32 Circle 22 on Inquiry Card

Technical data (concluded)

As for the data sources themselves, they cover the
widest possible range of published materials, physical
hardware, visual aids, and even oral presentations and
demonstrations. There is, however, some overlapping.
For instance, a full-line product catalog may contain
a bound-in price sheet. Application data appear in ap-
plication notes, service bulletins, data sheets, catalogs,
brochures, and elsewhere. Information in an annual re-
port may be a more reliable indicator of ability to de-
liver than a price sheet. Much material is duplicated
since a company would be unwise if it did not continue
to reinforce its best sales points.

Special training seminars, “caravans,” display and in-
struction trailers, and special events are not the normal
channels for obtaining primary data. Since these com-
bine showmanship and informationship they are often
superior as information sources. But, if they are to work
best, they will still rely upon conventional, “leave-
behind” literature.

From the table you can see that certain sources are
rich in information, while others, although rich, are too
difficult to get. When you seek information, it may help
to set up an order of precedence, based upon your
likelihood of having trouble in reaching certain useful
sources.

Should company policy, physical plant layout, or
security requirements make salesmen’s visits and demon-
strations difficult, use sources which can reach you by
mail. If secretarial assistance is hard to get, use the
telephone. If there is no local representative, try the
“bingo” card in the trade magazine.

What’s your objective?

A search for information is like any other project.
It needs objectives. Just to collect information and file
it is worthless—you become merely a “literature col-
lector.”

Once you have an objective, decide what specific type
of data you need, go to the data source, and get the
data. Take into account time, space, urgency, intended
use or reference, cost of getting information, likelihood
of finding sufficiently complete and useful data. Evaluate
your project to select the best way to get the technical
data.

Need data? Know what to look for, where to look for
it, and how to find it. To make your job much easier,
see that chart on pages 30 and 31.

INFORMATION RETRIEVAL
Careers
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Mondays never look
the same to Bob Byse

When you're breaking ground on a new idea at Delco, you don't see a lot of your own
desk. For Bob Byse, design engineering means work with two dozen solid
professionals . . . people whose specialties range from microelectronics

to model making to production. Wherever the project leads, Bob Byse is on his way.
And every skill is at his disposal. Right through full production.

And beyond. If there's trouble shooting under dealer warranty three years from now,
Bob Byse is still the man we'll call for. That's why no two Mondays

ever look alike to Bob Byse and his colleagues at Delco.

The question is . . . can you say the same? Take a good hard look at how your
responsibility shapes up, compared with Bob's. In fact, why not discuss it with us.
By letter or telephone. Collect. Area Code 317/459-2808.

Contact: Mr. C. D. Longshore, Supervisor, Salaried Employment,

Dept. 305, Delco Radio Division of General Motors, Kokomo, Indiana.

DElco AN EQUAL OPPORTUNITY EMPLOYER

DIVISION OF GENERAL MOTORS

RAD’O KOKOMO, INDIANA
MARK OF EXCELLENCE

Circle 23 on Inquiry Card (Please Use Home Address on the Card)
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The first gas catalog
for the electronics industry
is now ready

A new gas catalog from the leading producer of gases for lab-
oratory and scientific applications: e Basic Epitaxial Materials
e Doping Gases ® Organo Metallic Compounds e Pyrophoric
Compounds in New Safety Dispenser Cylinder e Regulators,
Valves, Equipment e Complete Gas Systems.

In addition to general catalog information, this new publica-
tion, “Gases and Systems for the Electronics Industry”, contains
an extensive technical data sheet for each gas. For your copy,
write: Matheson Gas Products, P.O. Box 85, East Rutherford,
N.J. 07073.

MATHESON GAS PRODUCTS
A Division of Will Ross, Inc., East Rutherford, N.J.;

\ Cucamonga, Calif.; Gloucester, Mass.; Joliet, lil.;
Lo LaPorte, Texas; Morror Ga.; Newark, Calif; Whnby, Ont.

Circle 24 on Inquiry Card

Here is your
copy of a brand new

reference chart

v

HEAT-SHRINKABLE
INSULATION
Guide

Tear it out, }

NOW

...and
mount it on

your wall
If the chart has been
removed, Circle Num-

ber 40 on the Inquiry
Card for a copy.

The Electronic Engineer < March 1969



ee| weLcowe |

Here we welcome new companies or
new divisions in the electronics indus-
try. For more information, circle the
appropriate numbers on the reader
service card.

Intramural communications. Astrocom
Corp., a new company based in St.
Paul, Minn., will soon be producing
private, short distance data communi-
cation systems. Its first product, pres-
ently in the breadboard stage, is a
low-cost digital system that will com-
municate over a range of two miles at
rates of 10,000 bits/s to 100,000
bits/s, and with up to 16 stations. Its
second product will be similar, except
that it will use coax cable for multi-
channel communication.

According to Robert E. Rife, vice-
president of marketing, Astrocom will
be going into production around the
first of April.

Circle 400 on Inquiry Card

Standard adapters for connectors
Electro Adapter, Inc. is making a line
of standard adapters for terminating
cables to circular electrical connectors.
The adapter line includes both EMI1/
RFI environmental and non-environ-
mental types. By offering standard, off-
the-shelf (one-week delivery) prod-
ucts, the North Hollywood, Calif.,
firm will be competing with the custom
adapters made by Sunbank and Glen-
air. Its principals, Ray Fish (presi-
dent) and Edward Pierce (marketing
vice president), were both previously
with Sunbank.
Circle 401 on Inquiry Card

Standard thick-film hybrid circuits.
Cermetek, Inc., located in Mountain
View, Calif., at a former Fairchild
facility, is taking a new approach to
the design of thick-film hybrid 1cs.
Instead of making circuits with a par-
ticular customer in mind, the new
firm will design standard circuits for
a particular field and then try to sell
them to appropriate users. (Cermetek
will, however, assemble and produce
custom circuits also.) Among its initial
products will be teletype interface
circuits and telephone communications
circuits.

“We plan to make circuits to inter-
face Mos,” says Dr. Bernard Jacobs,
president of the firm. Specifically, he
cites a high-speed, high-current clock
driver for Mos arrays, and a relay
and lamp driver which will interface
with either TTL or DTL. Production of
its Mos circuits has just begun.

Circle 402 on Inquiry Card
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filter magic?

watch envelope-delay
problems disappear!

High-speed data transmission demands
Reeves-Hoffman Hi-Fidelity crystal filters with
advanced control of envelope delay combined
with optimum selectivity!

Available at most IF frequencies
Our Hi-Fidelity crystal filters minimize en-
velope-delay distortion, and eliminate the need

|

:

|

|

for discrete equalizers.

Describe your requirement

Reeves-Hoffman designs to your specifi-
cations. Call, TWX, or write today for delivery
and price.

Attenuation, dB

\
N

Delay distortion, milliseconds
Attenuation, dB
Delay distortion, milliseconds

NN

CF 1.0 20 30 CF 1.0 20 30
Frequency, kHz Frequency, kHz

EQUALIZED ENVELOPE DELAY CONTROLLED ENVELOPE DELAY

One of 4 channels

........... Carrier frequency.................. 1750.000 kHz

...................... Carrier suppression................ 55dB
1749.745 kHz ........... 1dB point, min. ................... 1749.745 kHz
1746.965 kHz ........... 1dB point, max.................... 1746.965 kHz
1750.250 kHz ...........70dB point, min. .................. 1750.100 kHz
1746.750 kHz ...........70dB point, max. ................. 1746.700 kHz
1.0d8................. Passband ripple, 25°C............ 0.5dB
0dB == 0.5dB ............ Insertion loss, 25°C ..............3.0dB
50 ohms.................In and out impedance ........... 200 ohms
+10° to +64°C..... Operating temp. range ........... +5° to +65°C

One of 4 channels

g
O
Magtorg in cryctal cony

REEVES-HOFFMAN

DIVISION, DYNAMICS CORPORATION OF AMERICA

400 WEST NORTH ST., CARLISLE, PENNSYLVANIA 17013 ® 717/243-5929 ® TWX: 510-650-3510 |

Circle 25 on Inquiry Card 43



[EEJPRODUCT SEMINARS

As a service to you, this new column
will list product seminars that elec-
tronic companies offer to users of
their products. For more details,
_simply circle the appropriate reader
service number on the inquiry card.

“Battery Seminar,” Mar. 17, Interna-
tional Hotel, Los Angeles. H. S. Burk-
er, Jr., Marketing Services Manager,
Clevite Corp., 17000 St. Clair Ave.,
Cleveland, Ohio 44110.

Circle 403 on Inquiry Card

“Residual Gas Analyzer Spectra In-
terpretation,” Mar. 24-26, Monrovia,
Calif. $150. Emphasizes the spectra
of materials found in vacuum systems.
Technical Publications, Bell & Howell,
1500 S. Shamrock Ave., Monrovia,
Calif. 91106.
Circle 404 on Inquiry Card

“Data Analysis Seminar,” Mar. 25-28,
New Haven, Conn. Signal classifica-
tion, filters, amplifiers, recorders, trans-
ducers, and digital conversion of ana-
log signals. $200. Robert H. Morse,
MB Electronics, Box 1825, New
Haven, Conn. 06508.
Circle 405 on Inquiry Card

“CEC 21-490/491 Mass Spectrom-
eters,” Apr. 7-11, Monrovia, Calif.
$225. Theory, applications, operation,
and maintenance of these single focus-
ing and double focusing mass spec-
trometers. Coordinator of Training
and Technical Publications, Bell &
Howell, 1500 S. Shamrock Ave., Mon-
rovia, Calif. 91106.
Circle 406 on Inquiry Card

“Seventh Annual Vacuum Technology
Seminar,” Palo Alto, Calif. Apr. 14-16.
Auger spectroscopy, thin film deposi-
tion, principles of sputtering, auto-
matic ion pump vacuum systems, ad-
vances in diffusion pump systems,
achieving and measuring very low
pressures, gas sampling systems, auto-
matic data acquisition for gas analysis,
vacuum materials, and fabrication
techniques. Seminar Registrar, Varian
Vacuum Div., 611 Hansen Way, Palo
Alto, Calif. 94303.
Circle 407 on Inquiry Card

”

“Process Automation,” Apr. 21-May
2, Phoenix. Theory, application, and
operation of automated process con-
trol systems. Tuition-free and open to
anyone in the processing industries.

NATIONAL SALES OFFICE

Walter Andrews
American Micro Systems, Inc.
3800 Homestead Road

Santa Clara, California 95050
408-246-0330 Ex : 211 (Office)
408-252-9022 (Home)

Dempsey Farrier

American Micro Systems, Inc.
3800 Homestead Road

Santa Clara, California 95050
408-246-0330 Ex: 212 (Office)
408-356-7836 (Home)

AMI FIELD
APPLICATION ENGINEERS

Bill B. Holmes

320 - 45th Street z
Manhattan Beach, California
213-545-3978 (Home) 90266
213-375-6148 (Ans. Service)

Richard J. Konrad

503 W. Haven

Arlington Heights, lllinois
312-437-6496 (Ans. Service)

Martin G. Landin

149-45 - 82nd Street

Howard Beach, New York 11414
212-835-5514 (Home)
212-899-1000 (Ans. Service)

Thomas J. Murphﬁ
7600 Shadywood Road
Bethesda,

202-425-5312 (Ans. Service)

Hilliard E. Puckett

P.0. Box 20654

Orlando, Florida 32814
305-425-9697 (Home)
305-425-5312 (Ans. Service)

Daniel W. Yoder

6101 Monero Drive

Palos Verdes Peninsula, California
213-377-3787 (Home) 027
213-375-6148 (Ans. Service)

Richard Wittman

Louise F. Luther Drive, RFD 2
Cumberland, Rhode Island 02864
401-333- 23)0 (Home)

AMI REPRESENTATIVES

20th Century Marketing, Inc.
2603 Artie Street S.W.

Suite 12

Huntsville, Alabama 35805
205-536-1596

Williams Associates

1110 E. McDowell Road, Suite A-2
Phoenix, Arizona 85006
602-254-6085

Black & Strong, Inc.

1728 S. La Cienega Blvd.

Los Angeles, California 90035
213-870-9191

Williams Associates
4971 Jackson Street
Denver, Colorado 80216
303-388-4391

William R. Lehmann, Company
1010 Executlve Center Drive
P.O. Box 20275

Orlando, Flonda 32814
305-841-490

J. A. Dougherty Sales Company
320 Hillen Road

Towson, Maryland 21204
301-832-0431

Circuit Sales Company

One Militia Drive

Lexington, Massachusetts 02173
617-861-0567

Lowry Dietrich Company
600 Michigan Bldg.
Detroit, Michigan 48226
313-961-4540

Williams Associates

420 Washington Street S.E.
Albuquerque, New Mexico 87108
505-255-1638

Bowser & Sapecky Associates
4541 Main Street

Buffalo, New York 14226
716-839-4170

Electro Rep., Inc.

380 N. Broadway
Jericho, New York 11753
516-938-0540

Bowser & Sapecky Associates
4317 E. Genesee Street
Dewitt, New York 13214
315-446-5920

Bowser & Sapecky Associates
806 Main Street

Poughkee 85|e New York 12601
716-839-2

Byrd & Barbour Sales, Inc.
P.O. Box 30

Smithfield, North Carolina 27577
919-934-8136

Lowry Dietrich Company
316 Marion Bldg.
Cleveland, Ohio 44113
216-781-1855

Lowry Dietrich Company
333 W. First Street
Dayton, Ohio 45402
513-223-6042

Lowry Dietrich Company

90 Clairton Blvd.

Pittsburgh, Pennsylvania 15236
412-892-2992

Arnold Barnes Company
3230 Mercer Street
Houston, Texas 77027
713-622-3620

Arnold Barnes Company
P.0O. Box 709
Richardson, Texas 75080
214-235-4541

Arnold Barnes Company
E106 Petroleum Center
San Antonio, Texas 78209
512-828-1323

Williams Associates

2461 S. Main Street

Salt Lake City, Utah 84115
801-466-8709

Arneson Associates

5950 Sixth Avenue

Seattle, Washington 98108
206-762-7664

Arneson Associates

Suite 4C

200 N.E. Canyon Road
Beaverton, Oregon 97005
503-646-3416

Amerioan

FOREIGN
REPRESENTATIVES

Radio Television Francaise
73 Avenue De Nevilly

92 Nevilly Sur Seine

Paris, France

tel: 722 70-40

telex: 21933

AMI DISTRIBUTORS

Black & Strong

1728 S. La Clenga Blvd.
Los Angeles, Calif. 90035
213-870-9191 (Phone)
910-340-6369 (TWX)

Cramer Electronics, Inc.
320 Needham Street
Newton, Mass. 02164
617-969-7700

Cramer/Eastern, Inc.
Pickard Bldg.

E. Molloy Road
Syracuse, N. Y. 13211
315-455-6641

Cramer Electronics
96-10 - 23rd Avenue
Elmhurst, N, Y. 11369
212-478-4000

Cramer/Florida, Inc.

4141 N.E. 6th Avenue

Ft. Lauderdale, Fla. 33308
305-566-7511

Cramer/Huntsvnlle Inc.
2222 North Memorial Pky
Huntsville, Ala. 35801
205-536-4493

Cramer/Washington, Inc.
692 Lofstrand Lane
Rockville, Md. 20850
301-424-2700

Cramer/Baltimore
922-24 Patapsco Aven
Baltimore, Md. 21230
301-354-0100

Cramer/ International
96-10 - 23rd Avenue
Eimhurst, N. Y. 11369
212-478-5383

Cramer/Atlanta

3130 Marjan Drive
Atlanta, Georgia 30040
404-541-5421

Cramer/Raleigh, Inc.
3331 North Blvd.
Raleigh, N. C. 27604
919-832-6441

Cramer Electronics, Inc.
35 Dodge Avenue

North Haven, Conn, 06512
203-239-5641

Cramer Tri-States, Inc.
666 Redna Terrace
Cincinnati, Ohio 45215
513-771-6441

Cramer Pennsylvania, Inc.
7300 Route 130
Pennsauken, N. J
609-662-5061

Cramer Rochester, Inc.
3259 Winton Road South
Rochester, N. Y. 14623
716-275-0300

Waco Electronics

4975 Jackson Street
Denver, Colorado 80216
303-388-4391

Mioro-sustoms. Ino.

3800 Homestead Road Santa Clara, Calif. 95051 (408) 246-0330

Motorola Instrumentation and Control
Inc., Field Service Office, Box 5409
Phoenix, Ariz. 85010.

Circle 408 on Inquiry Card
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AMI delivers

66 off-the-shelf LSI circuits
immediately available.

AMI’s recognized quality Mil. Spec.

line plus a new commercial/industrial

line includes:

e Shift Registers

e Memories

e Multiplexers

e Standard Arrays
e Low Power Arrays
e Discretes

Call or write for your copy of AMI’s
new Short-Form Catalog Today!

\merioan Migro-58stems. Ino.

3800 Homestead Road, Santa Clara, California 95051, Tel: (408) 246-0330
TWX: (910) 338-0018

The Electronic Engineer *+ March 1969
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Gain an extra stockroom
at no additional cost!

Let a P&B distributor
carry your relay inventory.

Authorized distributors will deliver your choice of 822
standard P&B relays. In almost any quantity, daily,
weekly or monthly. Isn’t that like having another
stockroom ?

In addition to the convenience, you actually save in
several ways. The cost of owning inventory, for example.
Factory shipping charges. You also save the time re-
quired for factory scheduling and production.

PERFORMANCE

Circle 27 on Inquiry Card

HIGH

Often an order for P & B relays can be combined with
one for other electronic components. That's another
saving.

Order standard relays from your Potter & Brumfield
distributor. Prototype or production quantities. He's in
business to save you time and money.

Potter & Brumfield Division American Machine &
Foundry Company, Princeton, Indiana 47570.

Select from 822
standard P&B relays

The Electronic Engineer « March 1969



e[ courses

“Critical Path Method Workshop,”
Mar. 25-28, Milwaukee. Introduction,
fundamentals of planning, developing
the logic diagram, identifying the ac-
tivities, timing the plan, finding the
critical path, the nature and types of
float, workday, computer demonstra-
tion, critical path method research at
the University of Illinois. $130. Engi-
neering and Science Short Courses,
University Extension, The University
of Wisconsin—Milwaukee, 600 W.
Kilbourn Ave., Milwaukee, Wis.
53203.

“A Practical System for Managing by
Objectives,” Mar. 31 (Detroit), Apr. 1
(Cleveland), Apr. 2 (Cincinnati), Apr.
3 (Chicago). Designed to teach super-
visory people how to plan, implement,
and review their own work and the
performance of their employees in
terms of results; how to motivate them-
selves and their subordinates to im-
prove day-to-day operations; how to
help them develop and apply their
creative abilities. $65. Industrial Edu-
cation Institute, 221 Columbus Ave.,
Boston, Mass.

“Management for Engineers,” Apr. 14-
18, Berkeley. Finance, marketing, pro-
duction, industrial relations, manage-
rial accounting, data processing, per-
sonnel management, and related topics.

$275.
“The High Technology Firm in In-

ternational Operations,” Apr. 21-25,
Berkeley. Product adaptation, market-
ing programs, pricing techniques, re-
lations with host governments and
joint venture partners, training and
working with technical personnel
abroad, compensation and personnel
policies for U.S. managers overseas.
$275.

For further details on the above
two courses, write to Continuing
Education in Engineering, University
of California Extension, Berkeley,
Calif. 94720.

“Advanced Technology Seminars,”
Apr. 14-18, Phoenix. Integrated cir-
cuit management (Apr. 14), LsI tech-
nology (Apr. 15), computer-aided
design (Apr. 16), 1c reliability (Apr.
17), 1c product comparisons (Apr.
18). $175 per seminar; $750 for all
five. ICE Corp.,, 4900 E. Indian
School Rd., Phoenix, Ariz. 85018.
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“Incentive Contracting,” April. 15-17
(Boston), Apr. 22-24 (Los Angeles),
Apr. 29-May 1 (Washington), May
6-8 (St. Louis). Background of incen-
tive contracting, cost only incentives,
multiple incentives, trade-off matrix,
counter proposal analysis, change
orders, subcontracting. NSIA members
and government personnel, $225; non-
members, $250.

“Contract Terminations,” Apr. 28-30
(Washington), May 5-7 (Palo Alto),
May 12-14 (Chicago), May 19-21
(Dallas), May 26-28 (Boston). Roles
and responsibilities upon receipt of
termination, managing the settlement
effort, processing settlement proposals,
management of subcontractor termina-
tion claims. NSIA members and gov-
ernment personnel, $225; nonmembers,
$250.

For added information on the above
two courses contact the National De-
fense Education Institute, 11 Arling-
ton St., Boston, Mass. 02116.

“Project Management Seminar,” Apr.
28-30 (Boston), May 26-28 (Washing-
ton), June 23-25 (San Francisco). Why
project management; the project man-
ager; the nature of electronic engi-
neering projects; project management
organization; project definition; net-
work systems (PERT/CPM); project
management functions and tools; work
authorization; resource management;
multi-project management; project
management systems; time, cost, and
performance evaluation; applications
and problems; outlook for the future;
case studies. Co-sponsored by The
Electronic Engineer and Booz, Allen
and Hamilton Inc. John E. Hickey,
Jr., Seminar Coordinator, The Elec-
tronic Engineer Magazine, 56th and
Chestnut  Streets, Philadelphia, Pa.

“Vibration and Shock Testing,” May
5-9, Torrance, Calif. Types of vibra-
tion tests, dynamic motion, measure-
ment and analysis of vibration, cali-
bration of transducers and systems for
vibration measurement, shock calibra-
tion for shock measurement, vibration
exciters, power supplies for electro-
magnetic shakers, controls for electro-
magnetic shaker systems, conducting
sinusoidal vibration tests, typical test
laboratory difficulties and solutions,
random vibration, etc. $200. Tustin
Institute of Technology, Drawer Q,
Santa Barbara, Calif. 93102.

LOOKING
BEYOND

THE
“SPECS”
WITH P&B

N L

RUGGED LOW COST
GENERAL PURPOSE RELAY

Although low in price, this small
rugged relay is highly efficient
for handling light power loads
such as small motors, solenoids
and general automation applica-
tions. It is available in a wide
variety of AC and DC coil volt-
ages, contact arrangements and
ratings. A broad selection of
mountings, including terminals
for printed circuits, is offered.
Many standard models are U/L
recognized and CSA listed.

The KA is the open version of
this series. The KAP is enclosed
in a transparent, high impact
plastic dust cover, with 8 or 11-
pin octal type plugs for socket
mounting.

PLUS P&B Capabilities and
Facilities that insure

u Controlled Quality
m Reliability

m Long Life
"

On Time Deliveries

P&B also produces aero-space
and military relays which are assem-
bled, tested and sealed in a spacious
clean room where all production is
under our Intensified Control and
Reliability Program.

POTTERsBRUMFIELD

Division of American Machine & Foundry Co.
Princeton, Indiana 47570
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Centralab gives transistor circuits
longer, more reliable performance
with NEW 16, 25 & 50 volt Ultra-Kaps®

Centralab engineers have achieved a new degree
of temperature stability in semiconductor type,
low voltage ceramic disc capacitors with their
development of temperature-stable Ultra-Kaps.
The 16 and 25 volt units can hold a maximum
capacitance change of =4.7%; 50 volt units

as little as ==7.5%.

Ultra-Kaps also exhibit other superior
performance characteristics, such as low
impedance; high capacitance density; and
operation to temperatures as high as 150°C,
as low as =55°C. In 50v ratings average
dissipation factor is as low as 1.5%;
leakage resistance of 1000 megohms, min.

stable ones

Ultra-Kaps are ideal for use in transistor circuits
because they are operable to a frequency of

1 MHz. And they’re still low cost units that
replace more expensive mylar and “Hi-K"”
ceramic capacitors. On quantity orders, they’re
priced as low as 2'/2 cents each with delivery as
short as 4 to 5 weeks. We can send you
samples immediately for your evaluation.

Don't let your design plans melt away because
of inferior capacitor performance. Get
the ultimate, Centralab’s stable Ultra-Kaps.

16 volt 25 volt 50 volt
Max. Max. Cap.| Min. I.LR. | Max. Cap. | Min. I.R. | Max. Cap. | Min. L.R.
Diameter MFD Megohms MFD Megohms MFD Megohms
.290 .02 5.0 .015 65.0 .01 1000
.390 .033 3.0 .022 45.0 015 1000
405 .05 2.0 .033 30.0 — —
485 — - - — .022 1000
515 .068 1.5 .05 20.0 .033 1000
.590 0.1 1.0 .068 15.0 .047 1000
.690 0.15 0.65 0.1 10.0 .05 1000
.760 - — — — .068 1000
.820 0.2 0.5 0.15 6.5 = —
CENTRALAB 2920 0.3 0.33 0.2 5.0 0.1 1000
Elactronics Division *Thickness: .156 inches maximum
GLOBE-UNION INC. Lead spacing: Discs less than .500” diameter, nominal lead spacing is .250”
5757 NORTH GREEN BAY AVENUE Discs .500” and larger, nominal lead spacing is .375

MILWAUKEE, WISCONSIN 53201 .
hi-6901

FOR MORE INFORMATION AND/OR DESIGN ASSISTANCE, WRITE CAPACITOR SALES MANAGER, CENTRALAB.
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£ | CALENDAR

A Happening

in Fun City

IEEE 1969

The key to “‘unlocking the future in
electrical/electronics engineering"
is to attend the tutorial seminars.

From March 24 to March 27, visitors
and natives alike will follow the yellow
brick road in New York to the IEEE
Show and Convention in the hopes of
unlocking the future in electrical/ elec-
tronics engineering. As in previous
years, the action will be taking place
at the New York Hilton (for the con-
vention) and the New York Coliseum
(for the show). There will be more to
hear at the convention, less to see at
the show.

Something old—something new

The convention this year will fea-
ture invited (not solicited) papers ex-
clusively, so you can expect more gen-
eral treatments with less description of
specialized hardware. There are also
three courses being given this year.
Since we of The Electronic Engineer
attended the two offered last year, and
we note with satisfaction that the
IEEE is repeating the one course that
was successful and has dropped the
one that wasn’t, we suggest you not
miss the following:

* The course in the fundamentals
of integrated circuits is being given an
encore. We attended it last year (to-
gether with 200 other people) and
found it clear, up to date, and reason-
ably deep. It will stress the basics
underlying 1c technology and will dis-
cuss the incorporation of integrated
circuits in electronic equipment. Dr.
Fred Lindholm, Professor of Electri-
cal Engineering at the University of
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Florida, is the course director. Make it
your business to register in advance
for this seminar. Ballroom of the New
York Hilton from 8:30-10 A.M. each
morning, Monday through Thursday.

e If you are interested in writing
and/or speaking effectively on engi-
neering subjects, check out the course
being given by Mr. Joseph D. Chap-
line. This workshop will help you gain
the skill of self expression and will
give you tips for preparing proposals,
reports, and articles. Rhinelander
Galley South, 8:30-10 A.M., Monday
through Thursday.

e A tutorial lecture for those in-
terested in the fundamentals of relia-
bility engineering is being given by Dr.
Martin L. Shooman, an excellent in-
structor from Polytechnic Institute of
Brooklyn, who has written various
books on the subject. West Ballroom
from 8:30 to 10 A.M., Monday
through Thursday.

There will also be two two-day short
courses (9 A.M. to 5 P.M. on Thurs-
day and Friday). One of the courses
is “Computer Programming for EEs”
and the other is “Problem Solving for
EEs Using Time Shared Computers”.

Special tours have been planned as
part of the “new look™ of the IEEE
Show. These include a medical elec-
tronics tour, which will cover new
electronic laboratory instrumentation
in an urban medical environment
(March 24, 1 P.M.); a tour of a Bed-
ford-Stuyvesent Neighborhood Man-

power Center where a computer, run
by the residents of the community, is
being used to match people and jobs
(March 25, 9 AM.)); a visit to a
sewerage treatment plant where the
most massive water pollution control
program in the world will be viewed
(March 25, 1 P.M.) and an electron-
ic traffic control system tour at Queens
Plaza which will demonstrate the use
of a computer in operating an ex-
perimental traffic control system
(March 26, 9 AM.) If you want
to attend these tours, stand in line on
Sunday as soon as you register. They
are limited to 20 or 25 people each.

The theme for the Highlight Session
on Tuesday evening, March 25 (at the
Hilton) is “Electronically Expanding
the Citizen’s World”, a panel where
leaders representing industry and so-
ciety will exchange views on how they
think electronics will expand the hu-
man experience. We hope this one is
an exception, but these panels usually
limit themselves to exposing interface
problems, and fail to challenge the
audience to find solutions. Mr. James
D. O’Connell, Special Assistant to
President Nixon, will moderate.

Potpourri

Four special microwave sessions are
planned for March 25 and 26 in Mi-
crowave Hall in the Coliseum. Tues-
day’s session, titled “Computers Can
Help Solve the Microwave Problems”,
will be held from 10:30 A.M.-1 P.M.
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1969 IEEE INTERNATIONAL CONVENTION SESSION CHART

NEW YORK MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY
HILTON HOTEL MARCH 24 MARCH 25 MARCH 26 MARCH 27 MARCH 28
10:00 A.M. 2:00-4:30 P.M.  10:00 A.M.- 2:00-4:30 P.M. 10:00 A.M.- 2:00-4:30 P.M. 10:00 A.M.- 2:00-4:30 P.M.
12:30 P.M, 12:30 P.M. 12:30 P.M, 12:30 P.M. !
Trianon SESSION 1A SESSION 2A SESSION 3A SESSION 4A SESSION 5A SESSION 6A SESSION 7A SESSION 8A
Baliroom Automation for The Role of the | System Tech- Where is the Electrical LSt in Use Manufacturing The Electronic
(A) Health Citizen Engineer | nologies in Electrical Engi- Printing and Technology for Package . ...
in Technological { Politics and neering Profession Future C Microelectronics ~ What, Why,
Decision Making i Headed? ication—1984 How Much?
Mercury SESSION 1B SESSION 2B SESSION 3B SESSION 4B SESSION 5B SESSION 6B SESSION 7B SESSION 8B
Ballroom Self Organization  Structuring Today’s Choice What Edge Does | The Tale is Told Comp C icati Graphics and
and Learning tomorrow’s of Digital Formal Engineer-{ on the Bottom Peripherals and the Computer-Aided
Systems . ... Computer Computers— ing Management § Line ... Elements Computer Design
Review and Systems What's the Training Offer? of Corporate
Outlook Difference? Financial Success
Sutton SESSION 1C SESSION 2C SESSION 3C SESSION 4C SESSION 5C SESSION 6C SESSION 7C SESSION 8C
Ballroom Integrated Micro-f Surface Waves— The Laser Comes The Laser Comes Recent Advances Increased Power Electric Power New Lines of
North wave Circuits The Acoustic of Age—I of Age—I1 in Laser and Reliability Systems of the Power
(C) Signal Processing Holographic for Industrial Future: New Transmission
Technique of the Optical Systems ~ Systems Sources, Uses
Future and Techniques
Sutton SESSION 2D SESSION 3D SESSION 4D
Ballroom Sensory Aids Visualization Industrial
South for the of Biological Semicond!
(D) Handicapped Tissue Devices
Nassau SESSION 1E SESSION 2E SESSION 3E SESSION 4E SESSION 5E SESSION 6E  SESSION 7E SESSION 8E
Suite Radio Astronomy 20 years of Modern Tech- Computer Trends in Engineering for The Inter- An International
(E) —Science and Information nology for Languages for Instrument- Oceanography  disciplinary L or
Engineering Theory Signal Handling Process Control Computer Systems Nature of Electronics?
Reliable Design
Murray Hill SESSION 1F SESSION 2F SESSION 3F SESSION 4F SESSION 5F SESSION 6F SESSION 7F 9:00 A.M.-Noon
Suite (F) Rail Transpor- Living and Static Converters  Broadcasti Expanding Systems C ications Filters for the Special Session
tation Systems Working in —World Wide Tomorrow Applications Systems— Nonspecialist Insulating Mate-
Space Using Satellites Management rials and Electron-
and Control ic Systems Team
Up for the
Future
Gramercy SESSION 1G SESSION 2G SESSION 3G SESSION 4G SESSION 5G SESSION 6G ~ SESSION 7G SESSION 8G
Suite (G) Acoustical Materials for Thin films or Air Traffic Semiconductor Classes in Radiation Damage Evolutionary
and Optical Spanning the Thick? in the 1980’s: Memory Electronics . .. and Hardened Advancements
Interactions Infrared to the Order, Chaos or New Frontiers  Device in Audio
Microwave Gap Catastrophe? and New Uses  Development
SESSION 2P Highlight Session Two-Day Course Two-Day Course
8:00 P.M. 8:00-10:30 P.M. 9:00 A.M.- 9:00 A.M.-
Hayden Planetar- Grand Ballroom 5:00 P.M. 5:00 P.M.
ium Manned Lunar Electronically Regent Room- Regent Room-
Exploration in Expanding the Sutton Ballrooms Sutton Ballrooms
the 1970's Citizen’s World Computer Pro- Computer Pro-
gramming for gramming for
Electrical Electrical
Engineers and Engineers and
Problem Solving Problem Solving
for Electrical for Electrical
Engineers Using Engineers Using
Time-Shared Time-Shared
Computers Computers
Sutton 8:30-10:00 A.M. 8:30-10:00 A.M.
Ballroom Workshop: How to Workshop: How
South Write a Technical to Write a
Paper Technical Paper
West 8:30-10:00 A.M. 8:30-10:00 A.M. 8:30-10:00 A.M. 8:30-10:00 A.M.
Ballroom Tutorial Seminar Tutoral Seminar Tutorial Seminar Tutoral Seminar
Fundamentals of Fundamentals of Fundamentals of Fundamentals of
Reliability Reliabiiity Rellability Reliability
Engineering Engineering Engineering Engineering
Rhinelander  8:30-10:00 A.M. 8:30-10:00 A.M. 8:30-10:00 A.M. 8:30-10:00 A.M.
Gallery Tutorial Seminar Tutorial Seminar Tutorial Seminar Tutorial Seminar
South Effective Engi- Effective Engi- Effective Engi- Effective Engi-
neering Writing neering Writing neering Writing neering Writing
and Speech and Speech ard Speech and Speech
East 8:30-10:00 A.M. 8:30-10:00 A.M. 8:30-10:00 A.M. 8:30-10:00 A.M.
Ballroom Tutorial Seminar Tutorial Seminar Tutorial Seminar

Fundamentals of
Integrated Circuits

Fundamentals of
Integrated Circuits

Fundamentals of
Integrated Circuits

Tutorial Seminar
Fundamentals of
Integrated Circuits

NEW YORK COLISEUM

South America Room Continuous Film Theatre—10:30 A.M.—8:00 P.M.—Monday through Thursday

Microwave Hall
(1st Mezzanine)
Special
Microwave
Presentations

Computers can
Help Solve Your
Microwave
Problems

SESSION B SESSION C
2:30-5:00 P.M. 10:30 A.M.-1:00
Microwave Low Noise

Refl Receivers

y

SESSION D
2:30-5:00 P.M.
High Power
Microwave Tubes

These sessions recommended by Electronic Engineer editors. s
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IEEE 1969 (concluded)

The afternoon discussion from 2:30-
5 P.M. deals with “Microwave Reflec-
tometry”. “Low Noise Receivers” is
the subject for the Wednesday morn-
ing meeting (10:30 A.M.) and the
session’s finale includes a talk on
“High Power Microwave Tubes”.

There will be a special session on
Friday, March 28, titled “Insulating
Materials and Electronic Systems
Team Up for the Future” (from 9
AM. to noon in the Murray Hill
Suite of the Hilton). The session’s or-
ganizer is Charles Harper of Westing-
house Electric Corp.

Registration

Registration will take place at either
the New York Hilton or the New
York Coliseum. For those “checking
in” at the Hilton, the hours are from
2-8 P.M. on Sunday, March 23, and
from 9 AM.-5 P.M. daily during
the Convention. (Tuesday the registra-
tion period will be extended to 8 P.M.)
At the Coliseum you can register from
9 AM.-8 P.M., March 24-27. The
registration fee is $3 for IEEE mem-
bers and affiliates and $6 for non-
members.

Fees for the three tutorial seminars
are $85 for members and $100 for
non-members. The cost for short
courses is $75 for members and $90
for non-members.

And back at the show

If you attend the show, you’ll see
about 25% fewer companies exhibit-
ing than you saw last year. Many com-
ponent manufacturers have shunned
the show during the past four years
—feeling that few people go to the
IEEE Show to select components—
and several instrument makers have
followed their example this year. The
decrease in exhibitors can also be at-
tributed to absorptions of smaller com-
panies by their “big daddies”.

With the absence of some of the
larger companies, there is more room
for companies to “show their wares”.
See our products section for those
products being introduced for the first
time at the show.

The exhibition at the Coliseum will
be open from 10 A.M. to 8 P.M.
during “show time”. Despite the fall-
ing off of exhibitors, all four floors
will be utilized. The first floor has
been set aside for production equip-
ment and service organizations (pub-
lishers and consultants). The second
floor is restricted to systems and in-
struments. The third and fourth floors
will be devoted to components with
microwave components included in
the third-floor exhibits.
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Our crystal hall told us you'd be
needing inductors like these!

Because Nytronics pioneered the con-
cept of standardized quality components
by anticipating your circuitry require-
ments — you can now order immediate,
off - the - shelf, delivery from a wide
range and immense inventory of stan-
dardized inductors.

WEE DUCTOR — Magnetically shielded with
inductance range 0.1 to 180,000uH, designed
to MIL-C-15305, Grade 1, Class B. Encapsul-
ated Envelope: 0.157” diameter x.450” length.

SUPER WEE DUCTOR — Magnetically shielded
with inductance range 0.1 to 100,000uH all
+10% tolerance. Meets MIL-C-15305. Molded
Envelope: 0.157” diameter x .410” length.

SUPER WEE-WEE-DUCTOR—Miniature shielded with
inductance range 0.10 uh to 10,000 uh. Designed
to MIL-C-15305, Grade 1, Class B. Epoxy-Molded
Envelope: 0.125” diameter x 0.335” length.

DECI-DUCTOR — Subminiature with induc-
tance range 0.1 to 1000uH. Designed to MIL-
C-15305, Grade 1, Class B. Molded Envelope:
0.100” diameter x 0.250” length.

S-M-L INDUCTORS — Non-shielded with induc-
tance range 0.1 to 10,000uH. Designed to

MIL-C-15305, Grade 1, Class B. Molded En-
velope: “S” Type — 0.188” diameter x 0.44”
length, “M"” Type — 0.25” diameter x 0.60”
length, “L" Type — 0.31” diameter x 0.90”
length.

VARIABLE INDUCTOR — Unshielded with ad-
justable range 0.1 to 4700uH. Designed to
meet MIL-C-15305, Grade 1, Class B. Encap-
sulated Envelope: 0.400” diameter x 0.500”
length. Vertical or Horizontal mounting.

WEE V-L — Magnetically shielded, adjustable
range 0.1 to 100,000uH. Designed to MIL-C-
15305, Grade 1, Class B. Epoxy Molded 0.300”
diameter x 0.400” length.

90537 TYPE — Manufactured in accordance
with MS90537, Molded, Magnetically shielded
with inductance range 0.1 to 100,000uH
+10% tolerance. Molded Envelope: 0.157”
diameter x 0.410” length.

WEE-CHIP INDUCTOR—Magnetically shielded, wrap
around terminations permitting contact to any face
or ends. Designed to meet MIL-C-15305, Grade 2,
Class B. Dimensions: 0.280 x 0.195 x 0.100 pres-
ently available 0.15 uh to 1000 uh.

VvFrro~zes

... Tor Precisions Electronic Components

550 Springfield Ave., Berkeley Heights, N.J. 07922 m (201) 464-9300 M TWX:710-984-7977
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to build the best
dual-gate MOSFET
available...

It's called the
MFE 300/ s newest adai

tion to the growing Motorola family of
dual-gate types combines FET advan-
tages with dual-gate capabilities
resulting in characteristics of low cross-
modulation, more efficient AGC action
and lower feedback capacitance. It’s the
finest dual-gate MOSFET available. RF
circuit designers will find many applica-
tions waiting for the MFE3007 such as
AGC amplifiers, frequency converters,
TV/FM tuners and color demodulators.
Cascode applications are facilitated by
the series arrangement of the two chan-
nels, each with a separate and indepen-
dent control gate, thereby maintaining
separation of RF signal and AGC
voltage.

Consider how these specifications
would mean more to your application:

« Power Gain (Gw) — 18 dB (min),
24 dB (typ) @ 200 MHz

¢ Noise Figure (NF) — 4 dB (max)
@ 200 MHz

o Forward Transconductance (y«) —
10,000 pmbhos to 18,000 pmhos

 Input Capacitance (Cis) —
5.5 pF (max)

¢ Output Capacitance (Coss) —
3.5 pF' (max)

e Reverse Transfer Capacitance (Crs)
— 0.02 pF (typ)

And that’s not all. The MFE3007 is
fabricated using the Motorola-developed
silicon nitride passivation process. This
process yields higher gate-to-source
breakdown voltages (35 volts) and

assures long-term stability under both
high temperature and reverse biasing
conditions.

Top performance specifications, ver-
satility, long term stability. All offered
at a mere 99¢ (in quantities of 1,000-
up). Upgrade your RF circuit perform-
ance by evaluating the MFE3007 today.
Your local Motorola distributor has
units waiting. And while you are check-
ing take a look at these other Motorola
dual-gate MOSFETs:

Device | G,.(min) | NF(man) | €. |y (umhos)|,G0RE |
20d8 | 4548 8,000
MFE 3006 ORpEl 90¢
100 MHz 100 MHz | ‘""" | 18,000
16d8 | 45d8 6,000
3N140 @ |[0BPFl 98¢
200 MHz | 200 MHz 18,000

Evaluation will prove that Motorola
offers more in dual-gate MOSFETS.

~ whene the priceloss ingredient d cane!
MOTOROLA

Field-Effect Transistors

Motorola Semiconductor Products Inc. / P.O. Box 20912 / Phoenix, Arizona /| 85036

GATE 1 GATE 2
b

DRAIN

SOURCE
METALLIZATION

SILICON DIOXIDE
LAYER

.
SOURCE

SILICON SUBSTRATE
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IC regulator

removes restrictions

This linear IC challenges discrete, hybrid, and modular voltage
regulators. Unlike IC predecessors, it accommodates

high and negative voltages, high currents, and provides easily-adjusted
controls without the need for many external components.

By J. Darryl Lieux and Robert D. Ricks

Fairchild Semiconductor, Mountain View, Calif.

The trouble with many monolithic voltage regulators is
inflexibility. They can carry a user only so far, because
their arrangements restrict their application, and there
is a general lack of sufficient internal circuitry.

Thus, when a system calls for high voltage (a few
hundred volts), negative polarity inputs, a floating
source, or a high current-driving capability, the design
engineer finds himself severely limited. If he uses a
typical monolithic regulator in these not-so-common
system situations, he is virtually compelled to buttress
the circuit with a host of external components. The
result often is a hodge-podge of parts that negates the
value of using an IC in the first place. Worse yet, the
network will meet but one case; a slightly different ap-
plication will often call for a complete redesign.

Now, a new monolithic, the uA723, removes these
restrictions. Full of elements arranged for maximum
design flexibility, it meets the voltage regulator needs of
a majority of systems. In many cases, only a rearrange-
ment of external resistors is needed to make the circuit
“fit” a new application.

The 1€ can handle levels ranging from a few volts to
kilovolts, and functions with both positive and negative
power supplies. It can control milliamperes through
amperes. Its accuracy is precise to within a tenth per-
cent of a volt. You can tie it to your system ground
or float it above a reference, and operate it either in
series or in shunt. It has high ripple rejection, an adjust-
able output, and can run as a constant-current source.
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Some performance parameters ‘

Line reg.: 0.019%

Load reg.: 0.029%

Ripple reg.: 74 dB

Output voltage temp. coeff.: 0.0029% /°C
Reference voltage (nom.): 7.15 V

Standby current drain: 2.5 mA

Output voltage: 2-37 V

Output current: 0-150 mA ‘
Output noise voltage: 20 uV rms j
Stability (long term): 0.19% /1000 h

Input voltage (nom.): 9.5 V min.; 40 V max.
Max. power dissipation: 800 mW

Power derating: 6.8 mW/°C above 25°C

Matching the mix

Besides the normal JC element complement — npn
transistors, diodes, resistors—the regulator has a variety
of less-common elements, such as zener diodes, junction
field-effect transistors, pinch resistors, and pnp tran-
sistors. The result is a grouping of stages that compen-
sate for one another thermally and give you electrical
advantages such as high gain, ease of frequency com-
pensation, level-translation, and so forth.

The main parts of the chip are the voltage reference
section, the error amplifier, the current sources, and the
output stages (see the panel on p. 56).
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Basic voltage regulator applications
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High-voltage floater. Base-emitter junction of current-limit
transistor is zenered and added to V:.r to form a pre-stab-
ilized +14V supply. This eliminates need for extra floating
supply.

Typical performance
Reg. output voltage 100 V V... range 20 V min.
Line reg. (AVin = 20 V) 15 mV V,. range 130-180V
Load reg. (Al = 100 mA) 20 mV I+, (output) 5 mA
VmIt = 35 (Rz +R1)/R1

Design guidelines

Standard, low-voltage regulator is self contained. Resistor
divider connection at V:.: obviates need for output attenua-
tion feed to inverting input of comparison amplifier.

Typical performance
Reg. output voltage

Design guidelines
Vout range 2-7

5V
Line reg. (A Vin=3 V) 0.5 mV
1.5m

v
Vin range 9.5-40 V
Load reg. (A 1.=50 mA) x 7

Vout=[R:i/(R:+R:)] x
Rg:RlR2/(Rl+R2)
for min. drift

High-current regulator. External npn pass transistor boosts
power capabilities, accommodates ampere outputs.

Typical performance Design guidelines

Reg. output voltage 15V Vout range 7-37 V

Line reg. (A Vin=3 V) 1.5mV V,, range 9.5-40V

Load reg. (A l.=1 A) 15 MV Imax (outputof Q) 2 A
Vaut—[(R1+Rz)/Rz] x 7V

Medium-current regulator configuration for higher output
voltages. Resistor attenuator regulates levels above internal
reference voltage. Feedback capacitor in frequency compen-
sation network uses breakpoint provided by R..

Typical performance Design guidelines

Reg. output voltage 15V Vout range 7-37V
Line reg. (A Via=3V) 1.5mV V,, range 9.5-40 V
Load reg. (A 1.=50 mA) 4.5 mV  Veu:=[(Ri+R:/R:)] x 7 V;

Ri=R:R:/(R:+R:)
for min. drift
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Vin
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L—4 SES5840

SKQE

<
&

Negative voltage regulator accepts minus-input power sup-
ply. Breakdown of the pnp series pass elements limits the L
. input voltage. 3"“31

Typical performance Design guidelines RS

Reg. output voltage —15V V.. range —15 V min.

Line reg. (AVin = 3V) 1.0 mV V. range —20 V min.

Load reg. (Al = 100 mA) 2.0 mV l.¢ max 1A 9533
Vout = 3.5 (R: +R)) /R,

Remote-shutdown regulator. Complementary current-sinking
logic from external digital elements lets regulator be turned
OFF remotely. If you do not need current limiting, ground
the CL pin and drive the CS input with 1 mA. This lets
you use the internal series-pass device for shutdown.

Typical performance Design guidelines gesk
Reg. output volt. 5V V. range 2—7V 2N3646 o
Line reg. (AVin =3 V) 0.5 mV V,,range 9.5—40V I (1.4V min)

7/
Load reg. (Al. =50 mA) 1.5 mV Vo = [Ri/(R: +R:)] x 7 V = 0.00IxF

SEB040

Current regulator. Voltage regulator is constant-current
source via programming resistor R, and floating connection.

Typical performance Design guidelines
Reg. output current 30 mA  loue range 10 mA min.
Line reg. (AVin=5V) 0.3 mA Vi, (min) 9.5V
Load reg. (ARL = 200 2) 0.2 mA  louwe = 3/R; (in ohms)

Vin (Min) = 9.5V +Rulout

3
P.
3 Re
<

RL

AAA,

i

Negative shunt regulator. Negative and positive shunt-regu-
lators supplement series-mode operation. D, can be the in-
ternal zener (Vz pin, 20 mA limit) or the base-emitter junc-
tion of the internal CL transistor (5 mA limit). High-current
loads (to 150 mA) need an external element (such as a con-
ventional zener of three forward-biased diodes).

Typical performance Design guidelines

Reg. output voltage —15V V. range —9.5V min.
Line reg. (AVin =3 V) 2mV Vi, (min) —-10V —oRea
Load reg. (Al. =50 mA) 10 mV Ve« = 3.5(R: +R,)/R,
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Breaking up the regulator

Frequency
compensation

Temperature i
ted

zener |

Inverting
input

Series pass
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input
Current
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Current © o o
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amplifier

Block by block

Unregulated
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Qp
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K
6.2V
'3
2R
: a
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IUnregumved
input
Regulated
output
]
-y
|
Ry

Re

= External

Pinning do ip

Regulator’s versatility is traceable to high chip content,
which reduces the external component count. The block
diagram defines major portions of the monolithic, and its
terminals to the outside world. In the simplified voltage
reference section schematic, transistor Q. matches and off-
sets temperature drift of the zener element. The simplified
error amplifier portion has constant-current sources in a
differential configuration; external resistors R; and R: set the
output voltage. A high output impedance current source
(shown simplified) gives high line rejection and keeps gain
high. The regulator’'s complete schematic shows a diversity
of elements: npn and pnp transistors, FETs, zeners, and an
MOS capacitor. An 11-pin chip, it measures 53 by 60 mils.

Ve

Simple error

IVin

Ry R

—

Qs
Vout
6
1000
k03
62v A
L————o
6.2V
4 Compensation

5k | 3000 kQ 1500 | Qg Current limit
or remote shutdown

Basic source

Current sense

Non-inverting V= Inverting

Complete control Yot ot Lt
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The basic voltage reference section uses a zener
diode, D,, which has a breakdown voltage of 6.2 V
(typ.) at 100 wA and a temperature coefficient of 2.1
mV/°C. Resistor R, biases D, to its operating current.
The collector current of Q, can be varied to match the
temperature coefficient of D,, and current source /, may
be set to provide a net temperature coefficient of zero.
Variations in I, change only the Vg of Q, and not the
breakdown voltage of D,. Thus, variations in the value
of V,. are low. Transistor Q, supplies the current of
D,, R,, and any external loads.

In the simplified error amplifier section, transistors
Q. and Q. form a differential pair driven by current
source 2/.. The voltage on the V,. input is equal to
the voltage at the junction of R; and R., so the regulated
output voltage is:

(R: + Ry)

E, =

Viet

Transistor Q. is a buffer — it unloads Qq. The gain
from the base of Qq to the output is very large because
of the pnp current source in the collector of Qg So
this single stage provides adequate voltage gain for the
erfor amplifier function. Because there is only one stage,
compensation is simple.

The whole bag

In the complete schematic, Q;, Q., Dy, R; and R:
make up the biasing network for the pnp current sources
Q;, Q;, and Q«. Transistor Q; is an n-channel FET.
Since the current it draws is independent of power sup-
ply variations, line regulation is greatly improved. This
also minimizes power dissipation because the current
drawn does not increase appreciably at large supply
voltages. Diode D; regulates the bias network voltage,
and provides a well-regulated voltage at the base of Q.
with respect to V-+.

The current sources, Qs, Q;, and Qg, must have a
very high output impedance to provide high-line rejec-
tion and to increase the gain of the error amplifier.
With a high-Z bias network (see simplified schematic),
a change in Vp; has only a small effect on the voltage
across R.. The collector current is constant with changes
in collector-to-emitter voltage, giving a very high out-
put impedance.

For a low output impedance in the voltage reference
loop, a Darlington pair (Q, and Q;) and a resistor (Rg)
are combined. Capacitor C;, an Mos device, eliminates
the need for any external compensation of this loop.

Transistors Q-, Qs, Qy, Q,y, and Q,3 are the cur-
rent sources /. and 2/, shown in the simplified error
amplifier schematic. Q; and Qg supply about 200 uA,
which doubles to 400 uA in Q,;, because R, is twice
Ryy. Transistor Qg keeps Qo out of saturation. A Dar-
lington pair, Q4 and Q;; — represented by Q. in the
simplified error amplifier—unloads the collector of Q..
The power pass-transistor, Q,;, is actually a multiple
device with individual emitter resistors. They prevent
current-hogging and secondary breakdown, and enlarge
the safe operating area.

Resistors R, and R. divide the reference output, V..,
to the desired output voltage value, and supply the non-
inverting input of the error amplifier, which is a voltage-
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follower. Capacitor C; rolls off the error amplifier’s
response, and eliminates the need for external compen-
sation. The Darlington pair, Q, and Q;, together with
Rg, provide a low-impedance output for the voltage
reference loop.

A feature of the voltage regulator is that it can oper-
ate under floating conditions. This is possible because
both input terminals of the error amplifier are brought
out for connection externally. This also lets the IC have
large positive and negative voltage outputs. An input
voltage beyond the absolute maximum rating of the
voltage regulator may be regulated down as low as 5 V.

When used without external pass transistors, the
1AT23’s frequency stability is assured by a C, value of
100 pF. With external pass transistors, you should in-
crease C; to about 500 pF. If you want a minimum
component count, use a 1000-pF capacitor from the
compensation pin to ground, instead of the 100 pF
from the compensation pin to the inverting input. And
if there is a large amount of input power supply lead in-
ductance present, you should place a 0.47 uF ceramic
bypass across the two power supply leads.

For optimum temperature tracking, you should add
a resistor equal to the parallel combination of R; and R»
between the V,.; and non-inverting terminals. This re-
sistor should also be added if you use a bypass capacitor
between the non-inverting input and ground. Such a
capacitor reduces noise and ripple, since the output
impedance of the V., terminal is only 1 €.

In high power applications, you may have to heat
sink the wA723. Be sure that the device doesn’t exceed
a junction temperature of 150°C in the TO-5 package,
or 125°C in the dual-in-line package.

Control options and applications

These built-in interconnection options give the IC its
versatility:

* Two addressable error amplifier inputs—inverting
and noninverting—can accommodate high voltage and
negative supplies.

* An internal power transistor collector is made
available externally.

° An internally generated reference voltage is buf-
fered and brought out.

* An offsetting zener diode cuts down on external
parts.

The panels on pages 54 and 55 show some appli-
cations of the 723 regulator. The performance figures
cited are those obtained at room temperature independ-
ent of one another (e.g., the line regulation figure is
achieved under constant load, and the load regulation
figure under constant line conditions).

In each of the regulator circuits shown here, the sum
of R, and R, should be 1.5 kQ or higher to avoid
loading errors. The value of the current-limiting resistor,
R, 18 0.7 /I1im. (ILim is the short-circuit current.)

INFORMATION RETRIEVAL

Integrated circuits, Semiconductors, Circuit design,
Power supplies

57




The MSA 8506 is Fairchild’s first new discrete device for 1969.

It provides a combination of power output, frequency and

price that can’t be matched by any competitive transistor.

The new RF device features 25W output at 175MHz. It's resistor-
stabilized and comes in the largest strip line package on the
market. (Package size contributes to improved power dissipation.)
The MSA 8506 is designed for final power amplifier appli-
cations in communications systems such as AM and FM radio;
Mobile, marine radio, and portable radios.

Typical specifications for the 12V device include LV ., of 18,
BV.es of 36 and 25W P,. It's radiation hardened and will
operate over the entire temperature range from —55°C to
+125°C. Write for complete specs. Your Fairchild distributor
has this device in stock now. Prices are $36.00 each for

1 to 99, $29.00 each for 100 to 999.

FAIRCHILD
SEMICONDUCTOR
FAIRCHILD SEMICONDUCTOR A Division of Fairchild Camera and Instrument Corporation Mountain View, California 94040, (415) 962-5011 TWX: 910-379-6435
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Protecting circuits
from over and under voltages

Circuits that detect voltage changes caused by line
variations or circuit failures have become increasingly important

due to the number of transistor and integrated

circuits being used. Protect your design with these circuits.

By Richard Klein, Acme Electric Corp., Cuba, N. Y

Voltage regulators are growing in popularity for sup-
plies that deliver power to transistorized and integrated
circuitry. But when these regulators fail, they can cause
over- or under-voltage—which can play havoc with a
design. Excess voltage can easily damage transistors
and low-thermal-capacity resistors; low voltage can
make bias supplies inadequate and cause load malfunc-
tions (e.g., relays drop out or computer memory is lost).

Series regulators can cause over- or under-voltage;
e.g., if the series element shorts, the unregulated source
voltage will be applied across the load, making the load
voltage increase; if full control drive to the series ele-
ment is lost it can absorb too much voltage, resulting
in under-voltage at the load.

Shunt regulators can also create similar problems. If
the series impedance shorts, it will cause an over-volt-
age; if the shunt element shorts, it will cause an under-
voltage.

Even special-design regulators can cause unplanned
increases or decreases in the voltage across the load, re-
gardless of how sophisticated the design. In fact, it’s
a rare regulator circuit which will not cause either under-
or over-voltage when some malfunction occurs.

Because regulators have this problem, circuits which
protect the load from over- or under-voltage are more
necessary than ever. The degree of protection needed
depends upon the load tolerance to voltage and power
stress. It ranges from no extra protection, to over-vol-
tage, and shut-down schemes. The following circuits
vary in component count, and complexity. The simplest
that will do the job is the best choice.
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Over-Voltage

An over-voltage circuit measures the output voltage,
compares it with a reference, develops a signal when
limits are exceeded, and triggers an indicator or shut-
down device.

An alarm may suffice when long-term over voltages
can be tolerated. For moderate thermal time constants,
circuit breakers or fuses may be activated to protect
circuit and load. To protect against voltage breakdown
or short thermal time constants, crowbar or other volt-
age-limiting circuits may be used to limit the actual
voltage rise.

Figure 1 shows a simple arrangement in which a
zener-diode voltage operates the circuit and also controls
the unijunction transistor firing. Resistor R will receive
current pulses when the UJT emitter is above the firing
level. These pulses can be used for alarm or control
purposes, By using an isolated zener supply and a pulse
transformer in place of R, you can completely isolate
the circuit and place it anywhere in the supply circuitry.

You can adjust the base 2 resistor to compensate for
temperature changes in the zener and the UJT. Select
the value of R so that leakage current through the
B 1-B2 resistance of the UJT will not develop excess
voltage across R during the quiescent mode. Resistance
of the voltage divider feeding the UJT emitter should
be enough to limit the emitter current to less than
valley-current level; otherwise, only one pulse will be
developed across R.

The capacitor provides stored energy to be dumpe:!
into R when there is an over voltage. It adds a small
time delay but the overall circuit can operate very rap-
idly—typically 200 ps. This. circuit is suitable for ap-
plications where sensing accuracy of 2 or 3% is ade-
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Fig. 1: Over-voltage circuit. In this circuit the zener-diode
voltage is both a voltage source that operates the circuit and
a reference voltage that controls the UJT firing. The UJT is in
a standby non-oscillating state. Abnormal increases in output
voltage raise the emitter above the standoff point, firing the
UJT and sending a pulse of current into resistor R. These
pulses can, in turn, be used to fire a small SCR to operate
a relay, light a lamp, or trigger a large crowbar SCR to
short the power supply.

+
‘ Load

0—4 * . —0

Fig. 2: This over-voltage circuit is more accurate than the
one shown in Fig. 1. Here a differential amplifier operates
as a level detector. When the sensed output voltage ex-
ceeds the level of the reference zener, Q1 and Q2 switch,
turning on amplifier Q3 which furnishes a gate signal to an
SCR, or driver power to a relay. Interchanging the base
connection of Q1 and Q2 changes this circuit into an under-
voltage detector.

Relay, light,
ckt. breaker,or etc. +
Load
1
o— Y * O

Fig. 3: This simple over-voltage circuit uses the zener volt-
age plus the SCR gate-cathode voltage as a standoff. When
sensed output exceeds that sum, zener current flows into
the SCR gate to fire the SCR.
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quate, and where voltages to be sensed are higher than
3 V. Below 3 V, accuracy drops rapidly.

Where a higher accuracy over-voltage detection is
needed, try the circuit of Fig. 2. It is not only more
accurate, but its dc output can be used in many ways.
If it gates an SCR crowbar switch, total circuit operating
time is only about 5 ps.

The circuit in Fig. 3 offers simplicity where trip-
point accuracy is not critical. Accuracy of the setting
will vary with temperature changes which will cause the
SCR gate voltage and the zener voltage to change. Over-
all trip-point accuracy is in the 15-20% range. The
circuit works with voltage inputs of 4 V or more. We
use this circuit with good results in custom power sup-
plies which energize blocks of integrated circuitry in
office copying machines, automatic process control
equipment, and computer graphic devices.

Under-Voltage Circuits

Slight changes in circuit connections can change an
over-voltage circuit into an under-voltage circuit. Figure
4, for example, is the under-voltage equivalent of Fig.
1. In one case, over-voltage pushes the emitter up, caus-
ing the UJT to fire. In the other case, under-voltage
pulls the emitter up, with the same result.

Interchanging the base connection of Q1 and Q2 in
Fig. 2 changes circuit into under-voltage detector.

The circuit of Fig. 3 is not as easily transformed, but
Fig. 5 shows an under-voltage circuit which works on
the same general principle.

If you need protection against both under-voltage
and over-voltage, you can use these “matched pairs”
of circuits in combination. For cases where extensive
protection with minimum components is needed, you
may have to couple several circuits to a single detector,

Turn-on and turn-off transients

Transients fall into two categories— those in the
power and load circuit, and those in the control circuit.
Both must be considered when designing voltage-detec-
tion circuits. The control circuit time constants are in-
volved in bringing up the regulator circuits. The filter
circuits in the bias supplies determine at what rate or
after how much delay the reference voltages will be
turned on. And, of course, these same time constants
are present when the control circuit is turned off.

When over-voltage detection is used, the over-voltage
reference must rise faster than the voltage being meas-
ured, to avoid tripping during turn-on. However, if the
rate difference is large, the over-voltage may trip during
turn-off.

When under-voltage sensing is used with over-volt-
age sensing, it is difficult to select the proper time con-
stants to prevent tripping. In this situation you can use
electronic or relay disabling to connect the trip circuits
after bias and load voltages are present and to remove
them before bias and load voltages are shut down.
Usually, disabling only the under-voltage trip is enough.

A convenient method of coordinating time constants
is to use a separate reference for the voltage regulator
and the over-voltage circuit. The control reference can
have a long time constant on turn-on, causing the output
voltage to rise slowly. In this way, time is provided to
bring up and stabilize the over-voltage reference.
With this method the control reference time constant
doesn’t appear in the control circuit response time.
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Fig. 4: Under-voltage circuit. This circuit is similar to that

of Fig. 1, but opposite in the sense that decreases in load

éoltager:aise the UJT emitter, sending a current pulse from
into
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Fig. 6: The type of filter used will help determine whether
or not there will be an over-voltage or overshoot at turn-on
or during load step changes. With this circuit it's apparent
that an overshoot could occur when voltage is applied.
The actual transient for one set of circuit values is plotted.
When a 0.1-Q resistor is the load, the circuit is heavily
damped and there is no significant overshoot. With a 1-Q
resistance as the load the circuit is under-damped, resulting
in a 769% overshoot at turn-on. Series resistance which
has been ignored here will help to reduce the overshoot.

Another method with the same advantage involves
putting a long time constant on the bias voltage from
which the detecting circuit transistors (if any) operate.
Sometimes a nonlinear time constant can be used on the
over-voltage reference. This can be done by charging a
capacitor rapidly through a diode and discharging it
slowly on turn-off through a resistor.

In practice, the nature of the load circuit along with
the regulator response time and filter type will determine
whether or not there will be an over-voltage or over-
shoot at turn-on or during load step changes. With a
filter circuit such as that in Fig. 6, an overshoot could
occur when the voltage is applied. Figure 6 also contains
a plot of the actual transient for one set of circuit values,
arbitrarily chosen. The same circuit, when lightly loaded
(1-Q resistance), is under-damped, resulting in 76%
overshoot.

The solution is to apply the dc voltage to the filter
network at some finite rate—in this case a rate slower
than the natural frequency of the filter. The filter fre-
quency is about equal to

1 0.159 0.159

22N 1.0 V001 X 0.1
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Load

l

Fig. 5: This under-voltage circuit works on the same general
principle as the circuit shown in Fig. 3. It operates as a
bridge consisting of a zener, an output voltage, and two
resistors. Decreases in load voltage make the gate positive
with respect to the cathode, causing the SCR to turn on.

0.0IH

Fig. 7: A typical rectifier LC filter with resistive load. When
the switch is closed, resonant charging will overcharge C,
which will then discharge to normal level into load R. Since
the diodes present reversal of the resonant portion of the
current, there will be no undershoot at turn on.

The period of the transient is

1 1
p=_:7:0.208>‘,
f 4.8

a value which is verified by the plot of Fig. 6.

If the voltage were applied at a rate of 5 V in 100 ms,
the over shoot would be much less. To obtain this rate,
simply use a capacitor across the voltage-regulator ref-
erence.

Figure 7 shows a more realistic circuit that will alter
the characteristic of the transient. The diodes in the
rectifier circuit do not let current flow back into the
source, so the over-charge on the capacitor must decay
into the load resistor with a time constant of RC. This
waveform is also shown in Fig. 6.

The circuits shown here are typical of proven meth-
ods for sensing a voltage change and initiating a voltage
correction. You can use these same circuits to sense
variations of current, temperature, or any other param-
eter which can be represented by a dc voltage.

INFORMATION RETRIEVAL
Power supplies, Circuit design.
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HIGH QUALITY DATA RECEPTION
IS CRITICAL

...... and vou can rely on Scientific-
Atlanta's Model 410A Telemetry
Receiver.to deliver your data with-
out distortion or interference.

LOW DISTORTION . .

- Bessel-type IF filters are plase linear

to within 3°over the entire 3 dB
bandwidth. 1/S ratios are
less than 45 dB.

sp0oo00000

K. g o I I O

~ i s & &
ULTRA-LINEAR DEMODULATORS
Pulse-averaging FM demodulators

provide linearities of less than 1%
for deviations up te 2 MHz.

MINIMIZED INTERMODULATION
Double-balanced, hot-carrier

diode mixers with + 10 dBm inter-
cept points and the use of FET
front-end circuitry assure extreme-
ly low intermodulation products

in multiple signal environments.

DIRECT PLAYBACK DEMODULATORS
Spurious responses and data distortion
resulting from up-conversion play-
back of predetection recorded signals
are eliminated by the use of pulse
averaging direct demodulators. Center
frequency correction and tape speed
compensation are also provided.

For complete information, contact
Bob Holman, P.O. Box 13654
Atlanta, Georgia 30324
Telephone 404-938-2930

Scientific-Atlanta
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A five-part course

Data:

acquisition, processing, and display

We started this course by getting
data, then turning it into information.
Last month, the article “Time-division
multiplexing” explained how to use
sampling and analog-to-digital conver-
sion to interleave data from many
sources into a serial, pulse-coded
stream of bits. This month, we learn
how to process (mostly with software)

this bit-stream to re-establish the data
integrity while maintaining accuracy.

Whether the information is trans-
mitted in TDM or in FDM, the re-
ceiver’s job is the same: to demultiplex
and decode the signals, and to route
them to their digital or analog out-
puts. In pcM, the most-often-employed
form of time-division multiplexing,

data demultiplexing and decoding is
called decommutation. A PCM receiver
may have one or more decommuta-
tors, plus a simulator for calibration
and checkout. Both the decommuta-
tion and simulation are under com-
puter control or, at least, under con-
trol of a stored program.

PCM ground station

Data ond timing

Digital outputs

e Digital computers
e Line printers

® Magnetic tope

e Numerical displays
* Event indicators

* Digital controls

® Data processors

Received data
(downlink
PCM) Decommutator
Checkout and
calibration
Uplink Simulator
PCM

Analog outputs

e Oscillographs

® Strip charts

® Analog computers
* Metering

* CRT displays

* Analog Controls
® Magnetic tape

<——Circle 34 on Inquiry Card
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Telemetry course—Part IV

Time-division

demultiplexing and decoding

In PCM, a decommutator performs both

demultiplexing and decoding. It is controlled mostly by software.

By George J. Slusarchyk, Radiation, Inc.

a subsidiary of Harris Intertype Corp., Melbourne, Fla.

The receiver in a Time-division multiplexing data sys-
tem performs the same function as the receiver in a
Frequency-division multiplexing system—it separates
the signals contained in the received data stream. This
separation consists of synchronizing the data at each
commutation level, and distributing or routing the in-
dividual channels of data to selected output devices
automatically as an on-line function. In pulse-code mod-
ulation—the most popular form of TbM, a receiver con-
sists of one or more PCM decommutators (which de-
multiplex and decode the signal), as well as a PCM sim-
ulator that checks out and calibrates the receiver. In
today’s systems, it is often a computer program that con-
trols these functions.

Historically, TDM receivers have evolved as a direct
result of emphasis on spaceborne developments. Early
PCM equipment was hard-wired (as is much of the pres-
ent day hardware used in process control). It accom-
modated a single program and was not easily adaptable
to other programs which required different data rates,
formats, or outputs. As PCM became more widely ac-
cepted in telemetry systems, the decommutator and sim-
ulator functions were made more flexible by functional
patching. Patchable systems could be designed to han-
dle virtually any format within the limitations estab-
lished in the IRIG telemetry standards.

Such systems, however, required an operator to
patch the distribution of multi-channel data to many
outputs. To cope with this requirement, computer tech-
niques such as stored programs were applied to auto-
mate both decommutation and simulation. More re-
cently, and thanks to high-speed integrated circuits,
PCM systems have become more flexible, more reliable,
and more economical than their predecessors made with
discrete components.

First, decommutate the multiplex

To reconstruct the individual signals contained in the
received multiplex, the PCM decommutator must first
synchronize all arriving data channels in time, since
any time-displacement of the data stream destroys all
the data. The timing process includes bit, word, and
frame and subframe (group) synchronization.
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Second, synchronize the bits

PCM data receivers must re-establish bit timing to
detect the data properly. The data comes in usually as
a serial PCM bit stream which can be either relatively
clean, or corrupted by noise. Since very few pPCM links
can afford the bandwidth required for a separate timing
channel, the timing is inherent in the data stream, and
must be accurately extracted even if noise is present.

The detection of an individual bit should be in-
dependent of the effects of adjacent bits. Also, the
process should be “matched” to any external perturba-
tions such as noise, bit jitter, baseline variations, and
amplitude changes. A local clock is needed, its phase
slaved to the input signal. These three functions—detec-
tion, matching, and clocking—are performed by the bit
synchronizer (also called PcM signal conditioner).

Detection: bit by bit

There are two methods for coherent bit detection:
filter-and-sample, and integrate-and-dump. Filter-and-
sample detectors pass the conditioned PCM signal
through a low-pass filter. For NRZ (non-return-to-zero),
for example, this filter cuts off at one-half of the bit rate.
The resulting bit output is sampled, and the detector
decides whether the signal is “1” or “0”. This method
applies to PCM signals which have been heavily filtered
and whose high frequency components have been at-
tenuated by the transmission path.

For relatively wideband signals, use the integrate-and-
dump method bit detection. The signal (and noise) is
integrated over precisely one bit period. At the end of
this period, the integrator output is sampled to deter-
mine its binary state. For example, the bit period for
NRZ is defined by the phase-locked loop output. In the
case of bi-phase pcM, the data (with noise) must be
converted to NRZ (prior to bit detection) by integrating
over the the first half of the bit period. The signal is
then inverted or rectified, the integration continued for
the second half of the bit period, and a bit decision is
made. Had you not converted to NRz, the bit detection
would introduce a 3-dB loss on the individual half-bit
portions of the total bit.

Watch the bit timing and dc level

If the periods of integration lag or lead the input
waveform, the detector output for each bit period reflects
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Stored-program decommutator. The bit synchro-
nizer reconstructs the bit timing of the incoming data
stream. It also detects the bits to ‘‘clean-up” the
pulses, issuing noise-free serial data for further proc-
essing. The group synchronizer correlates the sync
pattern at the different commutation levels, thereby
forcing the stored-program instruction sequence to
track the incoming data. (The sync pattern was in-
serted into the data stream by the encoding elec-
tronics—see Part |ll of this course). A processor/

PCM data waveforms. The non-return-to-zero (NRZ)
waveform uses the bandwidth efficiently, since the
entire bit period contains signal information. Timing
information is indicated by signal transitions of binary
ones and zeros, or zero-crossings of the waveform’s
average value. The lack of near-dc response in the
signal path will cause shifts in the signal's baseline
for period of few zero crossings or low transition den-
sity. If this baseline-shifting is not compensated, it
will seriously affect synchronization and regeneration
of bits. Bi-phase waveform compensates for the lack
of dc response at the expense of increasing the total
bandwidth required. A zero-crossing is assured for
each bit period, and the effect of transition density
upon the average signal value is minimized. The entire
bit period contains signal information. Return-to-Zero
(RZ) waveform transition density depends upon the
quantity of binary ‘ones’ transmitted. This method
of signal coding wastes 509% of its bandwidth—be-
cause one-half of its bit period does not contain
signal information—resulting in a theoretical 3-dB loss
in bit detection performance compared to NRZ and
bi-phase, which are more efficient.

the effects of adjacent bits (intersymbol cross-talk). In
practice, bit decision errors occur because the bit syn-
chronizer cannot track the input signal precisely. When
choosing system hadware, pay special attention to clock
and vco (voltage-controlled oscillator) stability.

Asymmetrical codes such as NRz and Rz are more
susceptible to both dc offset and noise (and will have a
greater number of errors in bit decision) than the sym-
metrical bi-phase bit detection. Whatever the coding,
though, bit-synchronizers have a considerable amount
of circuitry for restoring dc and rectifying the bi-phase
code.

The prime contributor to bit errors in detection is
additive input noise (introduced by the transmission
link). Since noise is random, you cannot accurately
predict its instantaneous effects upon pulse integration
over a specific bit period. Instead, use the statistical ef-
fect of noise upon bit detection over an adequate time,
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memory contains core storage for the programmed
instructions. The data distributor rearranges the se-
rial data into parallel words available to the appropri-
ate output units. These units are updated with parallel
data only when their respective addresses appear
in the stored-program instructions. The decommutator
can be interfaced with a variety of output devices
including a digital computer (for on-line data proc-
essing). Computer can convert the decommutator
program into a language familiar to the data user.

NRZ (Non-return-to-zero)

Bi-phase

/B (S ENE

RZ (Return-to-zero)

S e R s F o

depicted in Fig. 1.

Commercial synchronizers available today can be
tuned over a bit-rate spectrum ranging from near-dc
for deep-space instrumentation probes) to 1.2 mega-
bits-per-second (in ground-based wideband informa-
tion systems). The units can be tuned locally, or remote-
ly from a stored-program decommutator or computer.
Some provide continuous tuning, while others let you
select several plug-in bit-rate tuning units. Universal bit
synchronizers can handle all PcM code types over an in-
put signal range exceeding 20 dB; some can acquire
and maintain synchronization down to a signal-to-noise
ratio of zero dB or better.

Synchronization: where does a frame start?

The next step in decommutation is to locate the start
of a sequence of serial data words that comprise a frame
of information. A data frame corresponds to a scan of
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the PcM source multiplexer, and its beginning is usually
identified by a unique bit pattern of sync code (see Part
IIT of this course). The receiving equipment must ex-
amine the PCM bit stream to see if the sync code pattern
can be identified or correlated, even in the presence of
substantial bit detection errors.

When implementing a system, you must make the
data spacing between sync patterns (frame length) small
enough to minimize the time to acquire synchronization
(or to reacquire it, in case of sync loss); i.e., maximize
the time that data is available to the user. Conversely,
the frame length should be large enough to maximize the
bandwidth devoted to data. Considering these tradeoffs,
a PcM format should allow 3-5% of its total data band-
width for frame synchronization.

The sync pattern must be long enough for a parallel
correlator to identify where the data frame starts. The
sync code must have good cyclic autocorrelation to as-
sure pattern recognition at precisely the proper bit time
and it must have poor correlation at non-sync bit times
to minimize false pattern recognition. Patterns of all
ones, all zeros, or repetitive ones and zeros do not meet
these requirements since adjacent data bits could cause
false sync. Random data can also appear as a correct
sync pattern, but will eventually be rejected as its binary
value changes. The pattern must maintain its correlation
properties even when degraded by individual bit errors
due to transmission noise. References 1 and 3 list several
codes that satisfy these criteria.

To acquire frame synchronization, a parallel correla-
tor or pattern recognizer looks at the serial PCM bit
stream “‘broadside.” The pattern recognizer output (pro-
portional to sync correlation) is examined as its serial
data input shifts within each bit. At the same time, the
recognizer scans the serial PCM input to locate an ac-
ceptable frame sync which tentatively identifies where
the PCM data frame starts. An adjustable threshold can
be established such that correlation peaks greater than
the threshold mean acceptable synchronization, while
those below the threshold indicate no sync.

Thanks to high-speed integrated circuits, modern
digital parallel correlators can follow the pattern cor-
relation for each successive bit period. The highest out-
put the correlator attains during the scan of one entire
frame (in search mode) corresponds to the maximum
likelihood that the true sync pattern has been located.
The lowest value corresponds to negative correlation,
which can indicate that either the complement of the
desired sync pattern has been located, or that the input
data is inverted and should be corrected.

Since group synchronization is so important to get-
ting the right data, the correlator reevaluates the pat-
tern exactly one frame after it finds correlation. For this
“check” mode, the bit error tolerance may be relaxed
from that allowed in search mode. If the check fails, the
sync is false. The synchronizer, therefore, returns to
search mode to scan for a more acceptable sync location.
Several consecutive successful sync patterns and checks
may be needed before achieving the lock mode.

Once in synchronism, it locks

Most correlators tolerate more bit errors (in the sync
pattern) in the lock mode than in the search mode, and
do not return to search unless several consecutive pat-
terns fail to meet the relaxed criteria. The reason for
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this greater tolerance in the lock mode is to maintain
data synchronization in the presence of temporary data
degradation as might occur with random noise bursts.

Parallel pattern correlation is necessary only in the
search mode; serial correlation (bit-by-bit) can be used
for check and lock modes since the synchronizer has
tentatively defined the individual synch bit positions
when it shifts into the check mode. The serial correlator
accumulates the results of sync bit comparisons during
one or more sync timeslots to establish an adequate
sampling prior to making a sync decision. Thus, this
correlator can be time-shared in both check and lock
modes, but separate bit-correlation accumulators are re-
quired.

How to synchronize the subframes

A subframe sync pattern generally occupies one or
more subchannels in a subframe, as shown in the PCM
format diagram. Since the frame synchronizer has al-
ready identified the prime frame timeslots containing
subframe-related data and sync, you can use a serial
correlator to synchronize the subframe by examining
only those bits occurring in the timeslot(s) dedicated
to subcommutated information. The correlator searches
the subframe sequentially bit by bit, for each subchannel,
until it locates an acceptable pattern. The sync strategy
for check and lock is similar to that used for frame sync,
but the subframe sync correlation requirements differ.
Since parallel correlation is not necessary, the subframe
sync pattern can be any fixed bit sequence, including
all zeros or all ones.

Another way to identify the start of a subframe is to
invert the frame sync pattern to indicate subframe sync.
Since the complementary pattern exhibits the same cor-
relation properties as the true pattern, subframe sync
recognition also signifies the presence of a prime frame
sync pattern. Therefore, a reversal of the sync pattern
(such as will occur during decommutation of data is-
sued by a reverse-playback tape transport) preserves the
pattern’s correlation function.

A subframe can also be synchronized by using an ID
(identification) sync pattern. This is a variable pattern
that corresponds to the actual frame count in a subframe
sequence. The advantage of ID synchronization is that it
can achieve sync anywhere in the subframe, not only at
the recycle of the subframe. This advantage, however,
comes at the expense of bandwidth available for data,
since the 1D subframe sync takes an entire prime frame
timeslot for each subchannel. Although ID sync requires
exact pattern coincidence and precludes allowance for
bit errors, noise immunity can be enhanced by success-
fully checking more than one subframe for proper ID
sequence before advancing to lock mode. Similarly, the
failure of several successive checks can be programmed
to return to ‘“‘search.”

Decommutation—under computer control

The processor/memory controls all decommutator
operations with a set of instructions resident in its core
memory. For most applications, a memory capacity of
4,000 words suffices. Instruction fields of 24 to 36 bits,
together with 1-us full-cycle times, provide data de-
commutation rates consistent with megabit input rates.

The processor uses the format setup instruction to
begin all necessary functions in the decommutator dur-
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Bit synchronizer. To establish bit timing, the PCM
input signal is conditioned and filtered to compensate
for variations in amplitude, baseline offset and band-
width. Passing the signal through a nonlinear element
(such as a zero-slicer and /or rectifier) develops a
frequency component at bit rate. The phase of this
component is compared with the phase of pulses
from the voltage-controlled oscillator (VCO). The error

output drives the VCO to maintain lock with the input
signal. Appropriate loop compensation (filtering and
amplification) permits the loop to acquire phase-lock,
allows optimum signal tracking under adverse con-
ditions, and maintains phase-lock even in the event
of temporary loss of data. Acquisiton and tracking
ranges of +=109% of the nominal bit rates are typical.
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Integrate-and-dump method for coherent bit detection.
The signal (with noise) is integrated over exactly one
bit period. The logic circuits sample the signal at the
end of the integration period to determine its binary
state. If the integration period is not in phase with bit
period, there will be crosstalk between adjacent bits.

Fig. 1. Statistical probability of bit error as a functic

of the ratio between peak signal and rms noise (with
the noise bandwidth referenced to one-half the bit
rate). Because of secondary signal perturbations such
as ac offset, bit jitter and transition density, the actual
performance of a bit synchronizer falls within 1 dB

of the theoretical over its bit-rate spectrum.
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ing its pre-acquisition mode; i.e., prior to data input and
distribution. Setup instructions can program the bit
synchronizer, establish group sync parameters, and
generally configure the decommutator for a particular
PCM data mission. The sync instruction identifies which
synchronizer to enable, the expected bit content of a
partial sync pattern or syllable, and the length of the
syllable. The data distribution instruction specifies the
length of the input data word together with the address
of its destination (e.g., display register or digital-to-ana-
log ocnverter). A single-input pcM word can be dis-
tributed to more than one device by including multiple
addresses in the same instruction, or by giving it multiple
addresses in the memory while the data word is present.

The Electronic Engineer « March 1969

When the instructions specify the word length, an
input PcM word can be conveniently organized into
artificial partial words or syllables. Such variable-word-
length programming lets the decommutator truncate
information, making it compatible with output devices.
For example, reducing the syllable size to a single bit
allows routing of an on/off event to a single output
register or display.

The instructions to decommutate an input frame are
sequentially executed. The program starts with the
initial data distribution instruction, progresses through
cach of the data channel routing commands, and ends
with a sync-testing instruction which is tagged to recycle
and repeat the loop’s sequence for the next input frame.
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Decommutation with software
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The efficient use of memory in handling subcom-
mutated data is very dependent on efficient program-
ming. For example two memory accesses were needed
to locate a subchannel distribution instruction in de-
commutating the prime frame shown on page 69. The
time consumed by the second access can limit the rate
of pcM data throughout, especially if the distribution
rate of PCM real-time bits is high. Locating a subcom-
mutated distribution instruction can be reduced to a
single memory access if the previous instruction (prime
channel, for example) contains a pointer or tag which
indicates that a particular subframe index register will
immediately address its subframe table when the next
word (subchannel) arrives. This method requires a sep-
arate register to store the index bias address (subframe
table start-address), and a separate index function for
cach independent subcommutated data sequency (in-
cluding sub-subcommutation). A typical stored-pro-
gram decommutator with four to six index registers will
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give you considerable programming flexibility.

Distribution instructions for 1p-referenced data chan-
nels can also be organized into tables similar to those
of recycled subframes. However, the prime reason for
an ID sync pattern is to synchronize the ID-referenced
data with its respective distribution instruction imme-
diately, not only when recycle occurs.

To synchronize immediately, an address (pointer)
table indirectly locates the instruction related to the
current ID-referenced data word. The ID sync pattern
serves as an index for an address (pointer) table to
locate the appropriate indirect address (path A, in the
example of page 69) which, in turn, points to the
proper memory location in the distribution instruction
table (path B). The pointer table is entered only for
initial synchronization between the current 10 data word
and its respective routing instruction. Once sync has
been acquired, program execution is confined to the
prime and subframe (iD-referenced) tables.
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ROUTE PCS5 data
ROUTE PC6 data
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_RECYCLE SYNC FS2 syllable, reset prime in-
dex.
[ SUB- ROUTE SC1 data, return to prime.
START ROUTE SC2 data, return to prime.
ROUTE SCI10 data, return to prime.
SUB- SYNC SFS1 syllable, return to prime.
(RECYCLE SYNC SFS2 syllable, return to prime,
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Decom memory map

Decommutation of a prime frame. Consider the sub-
commutated information contained in a prime frame
timeslot (shown here in simplified format). If direct ad-
dressing were used exclusively, the core memory would
require a prime frame block of storage for each sub-
channel. This can be avoided by using a block of mem-
ory for prime frame instructions, then indexing to locate
the subchannel instructions. In this example, we use
two blocks of memory (or tables of instructions), one
for prime channels and another for subchannels. The
memory map and the simplified block diagram of the
processor/memory (including the index function) corre-
spond to this decommutation program. As the proces-
sing goes through the prime frame table of instructions,

Decommutator program

reset sub-index.

it finds an instruction which indicates that the current
input word is associated with a subframe. This instruc-
tion contains a bias address which is the first memory
location of the subframe table. The subchannel’s dis-
tribution instruction is located at the bias address as
modified by the contents of the subframe index register.
The index register is incremented after the subchannel
instruction is executed. One frame later, processor enters
subframe table again to locate the distribution instruc-
tion for next subchannel. Even though a prime frame
typically contains more than one sub-channel associated
with same subcommutator, indexing technique remains
the same; index register is bumped for each subchannel,
then recycled at end of its subframe loop.

Distribution of data—analog and digital

A serial-to-parallel converter organizes into words
the noise-free data issued by the bit synchronizer. In
this context, a word is defined by the word-length field
contained in its accessed instruction. Thus, an output
word can vary from a single bit up to the maximum bit
capacity afforded by the field of the data-processor. But
clock pulses increment a bit-per-word counter, which
recycles at the count corresponding to the programmed
word-length and issues a word-rate output. Simultane-
ously, the serial-to-parallel converter accumulates PCM
data in a serial reqister until a word-rate pulse transfers
the data broadside into a holding register. For the dura-
tion of the next word, this parallel data word will be
buffered and distributed by a data bus to all output

devices.
From the processor’s viewpoint, every connected out-

put device appears to thé parallel data bus as some form
of parallel storage register. Under program control,
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parallel data on the bus is strobed into the uniquely-
addressed output device register, and the contents of
this register are updated again whenever its routing
code appears in an instruction.

To handle other output devices, it may be necessary
to accumulate several non-adjacent syllables in a single
register composed of several individual syllable regis-
ters, each connected to the parallel data bus, and each
updated upon the arrival of its respective data. This
multi-syllable assembly continues until the final syllable
has been loaded. Then the full parallel output from all
syllable registers is available to the output device.

To reconstruct the original analog signals, the de-
commutator frequently has a bank of D-A converters.
Each converter is effectively an addressable register up-
dated frcm the parallel data bus. The analog outputs
can drive analog meters, stripchart recorders, CRT dis-
plays, X-Y plotters, oscillographic records and so forth.
Analog computer inputs or selected channels may be
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The overwhelming flow of data generated by modern sensors
is strangling transmission media and choking up the proces-
sing electronics of data acquisition systems. If you're willing
to live with tolerances on data accuracy—the pressure can be
reduced.

Eliminate redundant data, and the information transfer rate
of your system (not to be confused with bit transfer rate) can
be increased, simplifying the data processing. A data com-
pressor (general purpose or special digital computer) built
into your system between the encoding electronics (A/D con-
verters) and transmission electronics can do this. The com-
puter lets you utilize the bandwidth better, and lowers acquisi-
tion and processing costs.

A simple computer algorithm that prevents the transmission
of unnecessary data uses a fixed upper and lower limit (A). If
the data is within this band at the sample time, no information
flows; if the sample point is outside this band, its value is sent
on to the processor. When the processor does not receive data,
it simply takes the middle value between upper and lower
limit. It's simple, but it works.

A more sophisticated algorithm uses a fixed-height (in mag-
nitude) aperture, but the aperture floats (B). In essence, it pre-
dicts future samples. The sampler sends the first sample (1)
to the processor, and at the same time it establishes the loca-
tion of the tolerance band (U1 to L1). Since the second sample
falls outside this band, it is also sent, and the tolerance band
drops to U2—L2. The next three samples (3, 4 and 5) fall
between U2 and L2, so the sampler sends no new data; it as-
sumed the value to be the same as the last sample sent. The
aperture moves again at both sample times 6 and 7. A refined
version of this algorithm varies the aperture height with the
magnitude of the sample to keep the data uncertainty at a
fixed percentage of the data.

Extended-step redundancy reduction (C) is also predictive
and uses a floating aperture, but differs in several ways from
the preceding technique. First, the tolerance range varies.
Second, a sample is considered redundant if its tolerance range
overlaps that of the preceding sample. And third, when a non-
redundant sample occurs, the mid-point of the tolerance cor-
ridor is transmitted as the preceding sample. Besides eliminat-
ing redundant data, this procedure provides a noise averaging
effect that eliminates small amplitude noise on the signal.

Applying the Extended Step method to the signal of example
B, the first sample establishes the same tolerance range. This
tolerance stays for sample 2, which is redundant because the
upper limit U2 falls between Ul and L1. U2 is more restrictive
than U1, however, so the new tolerance range is L1 to U2.
Using this new range about sample 3, we find that sample 3
is redundant and again we pick the most restrictive tolerance
range (U3 to L1). With this latest aperture height, U4 and L4
fall outside the range of L1 to U3, so the midpoint between
U3 and L1 is sent as the value of sample 3. The processor also

(c 8 s
. . 5 et P - = uses this value for all preceding redundant samples. The proc-
e o ess starts again with the original tolerance limits on sample
4. The colored line indicates the data acquired by the processor
Extended step at the receiver, which is more accurate than in B.
Clock generator Processor - memory Pug;lr::el»’:::ml 4 Output=-conditioning §—————p»= Simulated PCM
Jitter Noise
Load Compare-display | Decom PCM reply

Stored-program PCM simulator.

Its basic timing

controls the recycling of the bit-per-word counter and

source is the programmable clock generator, which
spans the entire PCM bit rate spectrum. With a VCO
as the basic clock, the bit-rate output can be exter-
nally modulated to simulate timebase variations. This
output generates word-rate timing, and is also used
for subsequent parallel-to-serial conversion. The word-
rate output, issued by the bit-per-word counter, is
used to access the simulator's memory. This memory
has storage capacity, cycle time, and instruction fields
similar to those of the decom memory but, instead
of the decom’s distribution field, it has a simulated
data word (or syllable). The access of each simulator
instruction extracts the data or sync word, and con-
verts it from parallel to serial to create a continuous
PCM bit stream. The instruction’s word-length field

the parallel-to-serial converter. As in the decom, the
simulator usually has a set of index registers for
programming efficiency, especially for complex for-
mats. An elementary interrupt system can be included
to permit rapid selection or changeover of several
formats stored in memory.

The simulated serial data is logically re-shaped to
provide codes such as NRZ, RZ, and bi-phase. The
resultant bit stream can be filtered, and conditioned
with varying amounts of dc offset, baseline modula-
tion, and noise. Adjustment of the composite PCM
output amplitude, and selected blanking of periods
of data simulate data dropout. Overall, the simulator
can precisely control the degradation of its PCM out-
put to evaluate decommutator performance.

70

The Electronic Engineer « March 1969




recorded on tape for subsequent analysis. In this man-
ner, a user gets only the data he needs, and many users
can be served simultaneously.

For devices requiring digital data, the program routes
individual bits to selected indicators or sends them to
perform on/off control functions. Raw binary data,
converted to BCD, drive decimal displays and also pro-
duce hard copy on strip and line printers. Digital in-
formation can also be stored on paper and magnetic
tape. Sometimes, a portion of the decommutator’s core
memory serves as a storage buffer that matches the in-
put data rate to the transfer rate required by output units
such as unbuffered line printers, computer-compatible
magnetic tape transports, and common-carrier data
terminals.

How to enter the data into the computer

When you interface a general-purpose digital comput-
er with a decommutator, the key goal is to optimize
the interface for maximum data throughput. The sim-
plest method is to present the output of the decommu-
tator’s serial-to-parallel converter to the computer’s
input. This is acceptable if the computer program can
afford the cycle-time needed to service each data entry
at the decommutator’s word rate.

Another method routes only data of interest to the
computer input, under control of the decommutator’s
stored program. This method slaves the computer’s in-
put port and associated programming to the decom’s
output data rate. To circumvent this situation, data can
be held in temporary storage (buffered) for transfer
at the convenience of the computer. A block of the de-
com’s core memory serves as a storage buffer, and its
program flags those words that must be loaded into the
buffer. When ready, the computer unloads the buffer
into its own input channel at its own rate.

The buffer transfer rate can be increased if the de-
com has direct access to the computer’s core storage.
In this case, each core location in the decom’s buffer
contains the currently-stored data value together with
the computer memory address to which it will transfer
that value. When ready to refresh its memory, the com-
puter assigns input/output control to the decom pro-
gram. The decom sequentially unloads its buffer loca-
tions and directs the accessed data values into the
specified computer memory locations. Loading of data
arriving during the transfer process is sequentially inter-
laced with the unload operation.

Another way to optimize the transfer of information
from decom to computer involves the use of data re-
dundancy removal techniques. Many PCM acquisition
systems accommodate the peak bandwidth required by
their transducers which is much larger than the average
bandwidth needed to transmit the information. Refer-
ence S5 discusses how to implement algorithms that
remove the redundancy.

PCM simulation

PCM simulation equipment for checkout and calibra-
tion can be a simple fixed-format word generator, a
patchable pcM simulator, or a versatile stored-program
simulator. Each of these performs the inverse function
of decommutation; selected digital data (simulated data
and sync), multiplexed into pre-programmed time-slots,
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form a cychic output format of varying complexity.
Basically, a simulator accesses simulated data words
from core storage at a selected clock rate, serializes the
data words, and conditions the serial output with pre-
dictable perturbations which can occur in a transmission
link.

Programming

The decommutator and simulator derive their data
handling flexibility from the fact that they are stored-
program devices, as is their cousin, the digital computer.
Brute-force machine language programming may suffice
for simple pcM formats, but as the format complexity
increases, a general - purpose computer is absolutely
necessary to simplify the programming task. The com-
puter’s compiler translates user-oriented instructions
into machine-related programs. Although most TpDM
decom’s and simulators can be programmed via punched
paper tape, in some facilities they are connected directly
to the computer. This connection permits rapid program
loading and, if a full duplex connection exists, the de-
com and simulator memories can be dumped into the
computer for verification.

The greatest advantage that stored-program decom-
mutation and decoding offer is the ability to rapidly
change format structure. Although the basic pcM for-
mat may not generally change during operation, the
distribution of data parameters to output devices usu-
ally varies and may be dependent uron real-time
events occurring during data acquisition. Stored-pro-
gram equipment takes care of this situation by loading
multiple programs into the decom equipment, each pro-
gram using the same basic format but different distri-
bution arrangements. These individual programs can
be dialed manually during a mission, or can be phased
in automatically as a result of a particular data response
detected by the decom or computer.

NEXT MONTH:

Decommutation has converted the data bit-stream
into separate channels of information, but that’s not
the end of the process. So far, it was electronics.
To use the information available, an engineer steps
in to examine the data. And, since “a picture is worth
a thousand words”, the last part of this series will be
“Displays—Technology and Techniques.”
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WOrks like H.
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Motors, generators, transformers
and wraﬁped wire have a new relia-
bility when you use insulation of
NOMEX* nylon. NOMEX gives Class H
performance and better for just about
any application —no matter what the
class.

NOMEX has high overload capacity.
It will not melt or support combustion.
UL-rated at 220° C., it also conforms
to MIL-1-24204.

What's more, NOMEX is tough
enough to withstand the stresses of
automated production. It will not
crack when creased. It's easily formed
or punched. And it's exceptionally re-

*Du Pont registered trademark.

sistant to chemicals and moisture.

NOMEX is available in a variety of
forms. And it's compatible with all
major resins, varnishes and enamels.

So don’t waste time and money on
different insulations. All you need is
NOMEX. It's the one insulation that
can be used efficiently for any class
of application.

To get more information, write:
Du Pont Company, NOMEX Marketing,
Wilmington, Delaware 19898. In
Canada, write Du Pont of Canada Ltd.
In Europe, Du Pont de Nemours Int.
S.A., 81, Route de I'Aire, Geneva,

Switzerland. NOMEX®

Better things for better living .. .through chemistry

Circle 35 on Inquiry Card
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Components feel the SQUEEZE of ICs

There is no denying that components are being squeezed
by integrated circuits. But, instead of giving up, component
people are making better products at lower prices and
have created a new breed of components for ICs.

By David H. Surgan,

Eastern Editor

There is no question that you are using more and more
integrated circuits all the time, but are you using less
discrete passive components? Chances are you are not
using less discretes, only different ones.

To find out, The Electronic Engineer asked the man-
ufacturers of discrete components: “What are you doing
about the increasing use of integrated circuits?” Most
manufacturers have taken the approach that “if you
can’t beat ’em, join ’em.” They have improved their
products; modified existing ones; and created new ones.
Let’s look at some of the things that various manufac-
turers are doing to maintain their business. We will start
with resistors.

Resistors stay on top

Many variable resistors today use cermet as a resist-
ance element with the binder in cermet being glass. As
you know, glass is a hard, abrasive material that can
wear out wipers, leading eventually to a catastrophic
failure of the variable resistor. Also, surface roughness
generates noise when the wiper arm is rotated.

Two companies have come up with a solution for
rough surface problems. First, CTS, in its cermet pots,
uses a carbon button wiper instead of a metal wiper.
With initial use, the carbon wears slightly and acts then
as a lubricant over the cermet material. The amount of
carbon deposited is so small that it does not affect the
resistance of the pot. Amphenol has a different attack.
It puts a thin-film coating (in the order of Angstroms)
of platinum over the resistance element in its small
trimmers. This reduces wear on a metal wiper.

In the fixed resistor areas, manufacturers are supply-
ing tighter tolerances and better temperature coefficients
in their products. Along with physical improvements in
existing lines, the manufacturers have been able to, in
many cases, lower prices on these items to enhance their
use and stay competitive.

The Electronic Engineer + March 1969

Product modifications

Most trimmer manufacturers have modified their
products to fit on standard printed circuit grids for bet-
ter mounting on PC boards. Several companies have
made the leads on multiple resistor packages so they
will lock into the board and stay there until they are
soldered.

Square or rectangular resistor packages now have

New components come in many smaller sizes and configura-
tions today to match our ever changing requirements.




Resistor networks, such as these by CTS are being made
by various manufacturers to meet the needs of integrated
circuits. This type of packaging is only one of many types,
such as flat pack and dual in-line, that are available.

small molded standoffs on their bottom so that the
board can be cleaned after soldering, thus eliminating
possible contamination. Many discrete resistors once
made with only axial leads are now being produced with
radial leads to make printed circuit board insertion pos-
sible without requiring prior bending operations.

Some new products created

Primarily because of integrated circuits, resistor man-
ufacturers have taken two avenues—to make their prod-
ucts smaller and to make complete resistor networks in
packages that are compatible with 1cs. These compatible
packages may be rectangular in shape, or take the form
of flat packs or dual in-lines. In many cases, when you
look at a 14-pin dual in-line package, you cannot al-
ways be sure whether it is an integrated circuit or a re-
sistor network. Sometimes the package can even be a
hybrid 1c made by a resistor manufacturer.

Many manufacturers, because they already have the
materials knowhow, take the next step beyond discretes
—depositing resistor networks with thin or thick film
techniques. These are sold as complete packaged units,
having just straight resistor networks, or as specialized
ladder networks. For instance, both Allen-Bradley and
Nytronics make resistor ladder networks with thin film
techniques, while CTS, Bell & Howell, and Centralab
do similar work with thick film methods.

CTS supplies a resistor network to an automobile
manufacturer where the resistance element, rather than
being potted, is on a plug-in substrate, with the resistive
element having a passivation layer over it. The automo-
bile manufacturer places this network into a circuit and
adjusts the circuit by trimming the resistors with air
abrasion equipment. This eliminates the need for a
trimmer, thus cutting the cost of the overall package.
We suspect you'll be seeing more of this type of circuit
“tuning” in the future.

One cute way that manufacturers “join ’em” in the
integrated circuit market is by making very small resist-
ors for repairing integrated circuits. Companies such as
CTS, Allen-Bradley, Corning, Mepco, and IRC make
very small chip resistors and/or miniature packaged re-
sistors. When a resistor element within an 1c is defective
or is the wrong value, one of these can be used. Attach-
ment is by die or wire bonding. Platinum-gold, gold, sil-
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Trimmer resistors are available from many manufacturers
in all kinds of shapes and sizes to suit your needs. The
need for trimmers has been growing with the IC market.

ver, or tinned terminations on the ends of the chip re-
sistors permit attachment by reflow soldering. The chip
resistors and “pill” shaped resistors are also ideal for
hybrid 1cs and terminating strip line in microwave cir-
cuits.

Many manufacturers such as IRC, CTS, Bourns, Am-
phenol, to name a few, make extremely small variable
trimmers. With the growth of integrated circuits, there
is a large need by designers for trimmers. These little
trimmers are size and mounting compatible with ICs.
They come in many case sizes and shapes to meet almost
any need.

With the shifting technology, companies such as
Vishay have emerged with products to suit new needs.
Precision resistors are available with tolerances to
0.005%, having a TC as low as 0 =1 ppm/°C. They
also supply precision “fixed” resistors that the user can
adjust to his exact resistance need. Adjustment is made
by using a scriber and a resistance bridge. Applying
its precision techniques to networks, Vishay can sup-
ply binary ladders for handling up to 15 bits.

Some of the resistor manufacturers we spoke to feel
that eventually carbon composition fixed resistor use
will dwindle. One reason for this is that new materials
and technology will permit other types of resistors,
such as films, to be available at a very low cost. And at
this lower cost they will have better temperature coeffi-
cients along with tighter resistance tolerances.

It is interesting to note that the wirewound resistance
manufacturers such as Ohmite and RCL don’t believe
that the advent of the integrated circuit can materially
affect them. On Ohmite’s case, the smallest wirewound
resistors are 3 W, and the company feels that when you
need power dissipation, you need power dissipation,
regardless of whether a resistor is used with an inte-
grated circuit or with any other type of circuit design.

Capacitors for microelectronics,
the chips are very much up

The two types of capacitor chips that are most suc-
cessful in microelectronics are the two with the highest
volumetric efficiency: tantalum and ceramic. Ceramics
are a logical choice, because they are easy to handle
with assembly methods used for printed circuits and for
hybrid circuits. But tantalum chips, although they have
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Small Capacitors that are compatible with integrated cir-
cuits, both hybrid and monolithic, are being supplied by
many manufacturers. As typical examples, photo above

more microfarads (volts per centimeter), are more deli-
cate to handle and harder to fabricate with suitable
terminations.

Highest capacitance—uvoltage product available
Dimensions

Ta Chip 100 xF—10 V (polar) 0.475 x 0.375 x 0.150
Ceramic chip 0.1 uF—100V 0.230 x 0.230 x 0.065

Ceramic capacitors

This field has grown so rapidly that many manufac-
turers are now asking for an EIA standard for ceramic
chips. Such a standard is needed not only to make size
more uniform (and reduce the types of capacitors in
stock), but primarily to standardize the form and meth-
ods of termination.

For example, most manufacturers are providing their
chips with terminals that can be attached by reflow
soldering. Since the capacitors are made of ceramics,
the classical material for termination has been one of
Dupont’s platinum compositions. If you consider that a
high value ceramic capacitor consists of up to 80 indi-
vidual layers connected in parallel, such a capacitor may

have up to $2.00 worth of platinum. Recently, Dupont.

developed a suitable silver-palladium composition as
a substitute for platinum, which can reduce the cost of
termination by ten times.

Tantalum chips

Every time you buy an integrated circuit voltage
regulator, the chances are you need a tantalum capaci-
tor to filter out the voltage you are regulating. Recog-
nizing this fact of circuit life, both Sprague, Kemet div.
of Union Carbide and Tansitor Electronics offer encap-
sulated capacitors as either chips or disks, in a form
compatible with integrated circuits.

So far, there are no “leadless” tantalum chips (com-
parable with ceramic chips that have metallized ter-
minals). Manufacturers furnish Ta chips with leads or
with a Kovar or nickel tab. However, Kemet welds a
nickel crossbar to the chip anode—to permit reflow-
soldering—and most manufacturers are experimenting
to make chips with metallized terminals.

Variable capacitors

Since ceramic chips are popular for microelectronic
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shows packaged glass capacitors by Corning, while this
photo shows chip capacitors made by Vitramon for hybrid
integrated circuits.

Wanted:
A hermetic seal for wet tantalums

Since miniature capacitors would require the
highest volumetric efficiency, and since the capac-
itor with the highest volumetric efficiency is the
“wet tantalum capacitor,” this capacitor should be
a natural choice for miniaturization. It isn’t, be-
cause it’s wet. The electrolyte is sulphuric acid,

—_ Ni wire White
™ Gloss -to-metal eoRty
seal

—— Ta wire

and no matter how well it is sealed, sooner or
later it leaks because there is no hermetic seal that
can be attached to a tantalum wire.

Look at the sketch of a simple wet tantalum
capacitor. The tantalum riser wire that emerges
from the anode “slug” is not attacked by the sul-
phuric acid, but it is not possible to make a
hermetic seal on it. The best seals use several in-
genious combinations of Teflon washers and sili-
con clastomers, but they are not perfect seals.

Sprague Electric uses a double seal, the top one
hermetic, to solve the problem. This is the best
type of wet capacitor in the market, but it still has
the problem that, when the lower seal leaks, the
sulphuric acid attacks the nickel wire and the
capacitor fails catastrophically. A compromise
approach used by the Capacitor Division of NCI
is to seal the top of the Teflon seal with epoxy.
The idea is to hold the silver can ir place and keep
the crimped Teflon washer as tight as possible.
In addition, the white epoxy acts as a detector for
a leak, because it changes color in the presence of
sulphuric acid.

No matter how ingenious these methods are, the
wet tantalum capacitor is not used for microelec-
tronics. The device that is being used is the “solid
slug” which has a lower CV product per unit vol-
ume than the wet capacitor, but does not leak
because the electrolyte is solid.
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Competitors. Delevan inductor (top) is basically a coil on
a tab with leads. Nytronics device is formed of two ferrite
halves bonded together into a chip. Delevan also has a
series of 0.065-inch high inductors with Qs of 35-45.

Miniature rf coils are made by Cambion for hybrid circuitry.
Upper right and left are self lead types, center left of
photo shows leadless inductors (chip), while bottom right
has chips bonded to a substrate.

circuits, you would expect that a ceramic trimmer
should be popular whenever you have to vary the capac-
itance. It is. But the range of variation is necessarily
limited. Since the best diclectric is air, E. F. Johnson
Co. has introduced a special, 12-plate capacitor that fits
in a standard whole pattern of the printed circuit board.

Inductors

You have probably heard before that we are all try-
ing to “design out” inductors, since those are the com-
ponents that cannot be integrated. Since they need a
coil, they must be bulky, until the time when someone
discovers a suitable magnetic substrate on which we
could deposit a thin-film coil.

Designed out? Don’t you believe it. Coils are used
today more than ever, particularly with integrated cir-
cuits. You see, the easiest way to get a sizeable output
signal from a very small integrated circuit is by boosting
its output with a step-up transformer.

Manufacturers of miniature coils, such as Piconics,
Nytronics, and Delevan, and of miniature transformers
such as Pulse Engineering, Inc. and the UTC division
of TRW, have been forced to develop inductive compo-
nents that have form factors dictated by integrated cir-
cuits. But while the price of an integrated circuit goes
down as the chip size becomes smaller, the price of
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Floating switches select a drive line in a memory matrix,
allowing either the read or write current to flow, each in
its own direction. They ‘‘float” when the (read or write)
pulse rises, because the inductive kick it produces in the
drive lines must be isolated from the selection matrix.
Pulse Engineering Inc., Santa Clara, Calif., puts four pulse
transformers in a module designed for floating switches.

Larger inductors are being modified and improved for use
with integrated circuits. These inductors are designed for
flat mounting on pc boards with ICs.

coils goes up with miniaturization, since the coil still
has to be wound, and winding a fine thread of #50 wire
is far more difficult than winding #30 wire.

Nytronics, Inc., Berkeley Heights, N.J., has just an-
nounced a family of chip inductors that cram as much
as 1000 uH into a fully shielded, terminated 0.280 by
0.195 by 0.100 in. chip. At present the only package
configuration with this degree of miniaturization is the
Micro i series of inductors offered by Delevan Elec-
tronics, E. Aurora, N. Y.

Nytronics’ inductors are formed of two ferrite half-
cores which serve as the core, the magnetic shielding and
the package. The coil is dropped in the half-cores, which
are bonded together, and terminations are made via
“wrap-around” bands of electro-tinned, oxygen-free
copper. Leads can thus be attached to the ends or to the
face of the chip. The device is amenable to any term-
ination. Nytronics will deliver it with solder bumps,
leads, or other configurations.

Pricing of the new devices is attractive. Nytronics
forecasts about a $2 unit cost. The Delevan devices are
also priced at about $2 each in quantities of 100.

INFORMATION RETRIEVAL
Components, Materials
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VISIT US AT THE IEEE
BOOTHS 2A32, 2A34 and 2A36.
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bridge the op amp generation gap

Philbrick/Nexus combines the best of monolithic and
discrete technologies to create the now generation of op
amps —the hybrids. They’re micro-miniature and low cost,
yet their overall performance is equal to or better than their
discrete predecessors. And, built-in stabilization simplifies
circuit design by eliminating external components.

1402 —high performance FET for battery
applications

The 1402 features a quiescent current

drain of only 500 wA with a power
supply voltage range of 4V to
+24V, full output frequency of 80
KHz and output capability of 14V
at +5mA with +15V power supply.
TO-8 case; 0.5” diameter, 0.14"
high. Price: $75 each in 1-9
quantity.

Other hybrids offering interesting
performance characteristics:

1404 offers the lowest power

drain (50pA) of any general pur-

pose hybrid on the market. +2.5

to +15 volt operation. Produces 1

mA output. Size: 0.75” X 0.45" X

0.20” high. Price: $58 each in 1-9

quantity.

1406 is a small (TO-8 case) fast

general purpose op amp. Price: $36

each in 1-9 quantity.

1407 is a low cost high perform-
ance FET which features a gain band
width product of 30 MHz. Full output

frequency is 100 KHz. TO-8 case. Price:
$63 each in 1-9 quantity.
1408 is a low cost differential FET input. Size: 0.6” X
0.6” x 0.25” high. Price: $30 each in 1-9 quantity.

Q25AH isawideband, highreliability FET. 1,000,000 hours log-
ged without a single failure. TO-8 case. $180 each in 1-9 quantity.

No other manufacturer offers as wide a variety. Ability to innovate,
design and manufacture will continue to provide a greater variety of hy-
brids from Philbrick/Nexus than you'll get from any other single source.

For complete specifications and technical assistance, contact your
Philbrick/Nexus field-engineering representative or write, Philbrick/
Nexus Research, 67 Allied Drive at Route 128, Dedham, Mass. 02026.

PHILBRICK/NEXUS RESEARCH

A TELEDYNE COMPANY
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How to save money and avoid headaches
in transformer and inductor design.

STEP 1. Mental attitude is
have to use laminated metal
metz did. He didn’t know about
Reflect on the advantages of ferrite cores: @ self
shielding for complete packaging freedom... easy to
wind and assemble, miserly of space...wide range

important. Don’t think you
cores just because Stein-
ferrite cores. STEP 2.

of stand- ard sizes, shapes and magnetic character-
istics Y ...two-way economy o —lower direct costs
of manu- facturing your product and indirect sav-

control,which often “unburdens”
SO STEP 3. Update your knowledge
~ their advantages. Read our Design
™.and 330. They cover the appllcatlon
~ of Ferroxcube ferrite cores ga

to the design of optimum inductors
and transformers. STEP 4. With
Ferroxcube cores and accessories, a
pad and a slide rule, go ahead and design all
manner of pulse, HF - and power transform-

ers, filters and tuned ~ SRS circuits.

_: > If you don’t have Bulletins 220 and 330 (Step 3),
¥ 4 write for them today. They'll help you breeze through

ehch of the other stages. FERROXCUBE &

Atlanta—Cartwright & Bean, (404) 237-2273; Baltimore—Eastern Components, (301) 322-1412; *Burbank, Cal.—(213) 849-6631; Columbus, Ohio—Mulligan & Mathias, (614) 486-2976;
*Dallas—Gillett Industries, (214) 363-0107; Fayetteville, N.Y.—R. P. Kennedy Co., (315) 637-9531; Huntsville, Ala.—Cartwright & Bean, (205) 852-7670; Hyde Park, N.Y.—R. P.
Kennedy Co., (914) 229-2269; Littleton, Col.—Wm. J. Purdy Agents, (303) 794-4283; Minneapolis—(612) 920-1830; *New York—Kahgan Sales, (516) 538-2300; *Northlake, 1ll.—
(312) 261-7880; No. Miami Beach—Cartwright & Bean, (305) 945-2962; Orlando—Cartwright & Bean, (305) 425-8284; Ormond Beach, Fla.—Cartwright & Bean, (904) 677-3480;
*Philadelphia—Eastern Components, (215) 327-6262; Phoenix—(602) 264-3129; Rochester, N.Y.—R. P. Kennedy Co., (716) 271-6322; *San Francisco—Wm. J. Purdy Agents,
(415) 347-7701; Saugerties, N.Y.—(914) 246-2811; Union, N.J.—(201) 964-1844; *Waltham, Mass.—(617) 899-3110; Winston Salem—(919) 725-6306; *Woodstock, N.Y.—Elna Ferrite
Labs, (914) 679-2497; *Toronto, Ont.—Philips Electron Devices, Ltd. (416) 425-5161. *Denotes stocking distributor.

ings in tight tolerance
associated circuitry.”
of ferrite cores and _
-~ Manuals 220
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A quick guide to

environmental specifications

With the following tables you can easily and quickly find
the environmental requirements of a military specification.
You can also compare various requirements at a glance.

By Rudolf Wernick, Pproject officer

Dept. of National Defence, Ottawa, Ontario, Canada

Trying to keep track of the various environmental re-
quirements of military specifications can be a nightmare,
particularly when you are working on several different
types of equipment simultaneously.

Because I had this problem, I tabulated the important
data from the common specifications and grouped the
information together. This made my life much easier,
and hopefully it will do the same for you.

The tables are grouped according to the various types
of tests—altitude, temperature, temperature/altitude,
vibration, shock, and humidity. Along with quickly
spotting a specific requirement for a specification, you
can compare various specs for similar tests.

If complete details are needed then, of course, you
should consult the applicable document. The tables
even make this casier by giving you the specific para-
graph in the specification that has the information you
want.

LIST OF SPECIFICATIONS
MIL-STD-810 B 15 JUN 67 Environmental Test Methods (Equipment)
STANAG 3518 2 Draft 25 MAY 63 NATO: Enironments Tost Methods for Averat
MIL-E-4158 C (USAF) 5 JUL 62 Emlgg’;rso?(i)i Equipment Ground; General Require-
MLES7Z 0 ¢S 13 AR s R T B eeireton o
MIL-E-5400 J 7 DEC 66 glpeggirf?cn;(t:iolzr\q:‘j(i)?ment' Aircraft; General
MIL-T-5422 E (ASG) 13 APR 59 E:itiigr;g{eftnvironmental, Aircraft, Electronic
MILE16400 F (NAVY) 20 FEB s Eectionic Equipment, Naval Ship and Shore
MILT21200 6 Ty oo e G s W Electionts Sninys
MIL-STD-202 C 12 SEP 63 Egi:pl\(/)lﬁmidgafg; Electronic and Electrical
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VIBRATION

Specification Method/Para. Curve/Detail G 510 50 90 200 500 1k 2k 3k Hz
MIL-STD-810 B 514-15,6 \% 13
A.B 2
N 25
w 4 5 500
AA,AB.AQ,C,M 5 sinusoidal
D,z 10
E 15
B 20
514-2,3 36" | .06” G
K N 2
J P 5
H Q 10 i 2K
G R 15 sinusoidal
L S 20
T 30
U 50
514-4 G G
AE 5.3 AK 20.7
AF | 7.4 | AL | 239 2%
AG | 93 | AmM | 293 50 random
AH 11.9 AN 37.8
AJ 16.9 AP 46.3
STTYE I P TR T
MIL-E-4158 C 3.2.12 20 - 55
3.2.28.2 as specified
MIL-E-5272 C a7 Proc. IV,V 1 B '
Vil 15 90 200 AR
Vil 10
Proc. VI discont. X1l B 2
Proc. 1,1X,X, X! use XII 11, X1 2
XA 10 5
1 20
XIV 20 2k
MIL-E-5400 J 3.1.35 Parts .06"
3.2.215 Curve |l 2
MIL-T-5422 E 4.2 T 5 ¥
LIV 10
MIL-E-16400 F 3.11.8.1 5 (MIL-STD-167, Type I)
45.14
MIL-T-21200 G 3.1.35 Parts .06"
3.2.16.4 Class 2,3 .06”
Class I-11 2
1-111 5
11,1V 10
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VIBRATION

Specification Method Condition G 510 50 90 200 500 1k 2k 3k Hz
MIL-STD-202 201A 06" 10
204A A 10 : .
sinusoidal
% 10
B 15 10
D 20
214 Let., | 1
A 52 5.9
B 7:3 8.3
C 9.0 | 10.2
D 11.6 | 13.2
E 16.4 | 18.7 50
F 20 228 2k random
G 23.1 | 26.4
H 28.4 | 32.3
J 36.6 | 41.7
K 448 | 51.1
TEMPERATURE
Specification Meth./Para. Detail 80  -40 0 40 80 120 160 200 300 400 500°C
MIL-STD-810 B 501 Hi Proc. |
I
502 Lo Proc. | as spec.
503  Shock Proc. | 54 |
STANAG 3518 15b  Hi f
e
d
C
b
= 155
15¢ Lo d
Cc
b 54
a 62
150  Shock 54
MIL-E-4158 C 3.2.28.1.1 e
Out, Moder.
Out, Cold 54
Out, Desert
MIL-E-5272 C 4.1 Hi Proc. I=11
4.2 Lo Proc. | -54
1 -62
4.3 Shock Proc. I1=|
MIL-E-5400 J 1.2 Class 1, 1A 54
MIL-T-5422 E 3.1 2 .54
3 -54
4 -54
MIL-E-16400 F 1.3 Class 4
3.8.1 3
4.5.8 2
1 -54
MIL-T-21200 C none, see Temp/Alt.
MIL-STD-202 102 A Cond. B
AD
c
107 B A
B
F
C
D
E
500
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HUMIDITY

% No. Total
Specification Meth./Para. Details °C 0 12 24 36 48 hours Cyc. Hours
MIL-STD-810 B 507 g 95%

85%
Proc. |
28° | |
}¢6>:<—16 —= = 24h=1ocycle 10 240
& 94%
Proc. Il <+
30° | |
| | ]
20° I il I I
T 22 *>| 4 |+ =48h=1cyc. 5 240
Proc. |11 as in Proc. |1 plus 480 h at 30°C 720
97%
60°
Proc. IV 2 50%
30°
2° | [} | |
24— =— 16— [« 8= 5 144
AN =}
24 h =1 cycle
40.5°
Proc. V
Z1°
= 24h = 1cycle 20 480
STANAG 3518 15e 60°
25°
24 h = 1cycle 5 120
MIL-E-4158 C 3.2.28.1 37.8° s
71¢
MIL-E-5272 C 4.4 Proc. 11, |
28°
= 24 h = 1cycle 10 240
. Proc. 111 49° 95% 360
MIL-E-5400 J 3.2.21.4 100% -
50°
40
| | |
| | |
leGole—16 —= = 24h = 1cycle 10 | 240
60°
MIL-E-16400 F 45.9 95%
30° - .
~—16 —+—8—’| =24h = 1cycle 5 120
MIL-T-21200 C 3.2.16.2 100% =
MIL-STD-202 103 B 40° 90% B 96
Steady State A 240
Cc 504
D 1344
106 B 65°
25°
| | ] [
{o
-10° ! ! [ =
1
o8 w8 -sbeg > = 24h = 1cycle 10 240
82 The Electronic Engineer ¢« March 1969



SHOCK

Specification Met/Para Details Handling Design Crash Hi Impact Pulse Notes
MIL-STD-810 B 516 Pr. Il Drop
Vv Bench
VI Rail Imp.
Air 159 11ms half-s.
Ground | 40g 18ms half-s.
Air 20g 11ms sawt.
Ground 40g 18ms sawt.
Air 30g 11ms half-s.
Ground n 75g 11ms half-s.
Air 40g 11ms sawt.
Ground 759 11ms sawt.
Air 100g 6ms half-s.
Ground v 100g 6ms half-s.
Air 100g 6ms sawt.
Ground 100g 11ms sawt.
STANAG 3518 15j 3a as spec.
3b as spec.
MIL-E-4158 C 3.2.28.2 as specified
MIL-E-5272 C 4.15 Pr. 1=V 159 11ms 30g 11ms MIL-S-4456
=1V 50g 8.5 half-s. JAN-S-44
1" as spec. MIL-8-901
MIL-E-5400-J 3.2.21.6 15g 11ms 30g 11ms
MIL-T-56422 E 4.3
MIL-E-16400 E 311.8.1 1,36 ft.
4.5.14.1 400 Ib. MIL-S-901, Gr.A
MIL-T-21200 G 3.2.165 Transient 15g 11ms 30g 11ms
43.2.1 Drop
SHOCK
Specification Method Condition Handling Design Hi Impact Pulse Notes
MIL-STD-202 203 A Drop
202 8B as specified
<4 Ibs
ZOE;:OO i A 15g 11 ms
£ 2 B 30g 11 ms
c 509 11 ms
213
A 50g 11ms half-s.
B 75g 6ms half-s.
C 100g 6ms half-s.
D 500g 1ms half-s. for
E 1000g .5ms half-s. semiconductor
If-s.
preferred F 15009 LM Bl
G 509 10ms sawt.
H 75g 6ms sawt.
| 100g 6ms sawt.
207 1,354t MIL-S-901,
<300 Ibs 400 Ibs Class HI
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TEMPERATURE/ALTITUDE

Specification k Ft -60°  -40° - 100° - 1207 " 140°C
T

MIL-STD-810B  Meth. 504 i g y :
Curve A : Cont. Oper. 100 3

80
Figure Class 0 Ft Alt. Temp. 20k Class

504j1 1B 55°C 15k 49°C 6ok

56° 50 19° 50}

95° 100 . gP 401
125° 100 23° 30}

HWN =
HBWN =

20
10F

k Ft

STANAG 3518 15 1.2a b e At 20 AT 0 B0 0 la e
90 f
80|
70+ D=70
60 [
50F c=50
a0f s |9
30F B=30
20 f
101

Specify Altitude with a
temperature of 15b and 15¢.

100
125
5

1
1Bc- a b ¢ d 15b- f e d c b a

MIL-E-5272 C 4.14
100

90
Proc. 0 Ft 50 k Ft g0k

I -62° t0 85°C -564° 10 35°C 70t

60

I as specified 50

40
30t
20
0f

MIL-E-5400 J 32.21.3 Fig. 4
Curve A: Cont. oper.

T

100
90}

80
Class 0 Ft Alt. Temp. 70+

60 F Class

55°C 50k 20°C 50l
71° 70k 10°
100k -9°
125° 100k 937

40
30 F
20 F

A WN =
©
a
o

10F
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TEMPERATURE/ALTITUDE

The Electronic Engin

eer * March 1969

Specification k Ft 60° -40° -20° 0° 20° 40° 60° 80° 100° 120°
MIL-T-5422 E 4.1 Fig. 1 i P i i ' T R :
100
Curve A: Cont. oper.
90
80
Class 0Ft Alt. Temp. 70
1A 55°C 30k 40°C
1 55° 50k 20° w G
2 71° 70k 11° 50
3 95°¢ 80k 20° 40
125° 3
4 80k 50 30
20
10
0 1 1 L
60° -40° -20° 0° 20° 40° 60° 80° 100° 120°
MIL-T-21200 G 3.2.16.1 el | | S | T e § T T T
100
90
Class Altitude Temperature 80
3 | 0 to 10k 0° to 55°C 70 Class
2 0 to 10k -40° to 55° 60
1 0 to 50k -54° to 55°
50
40
30
20
10
0 1 A 1
' ALTITUDE
Specification Meth./Para. Detail 20 40 60 80 100 150 656 k Ft.
MIL-STD-810 B 500 Proc. | 50
1
as spec. at 54°C
STANAG 3518 15a 15
MIL-E-4158 C 3.2.28.1.4
MIL-E-5272 C 4.5 Proc. [=VIA
VIB
Proc. 111, IV are now H=VIC at -64°C
Proc. Il of Temp/Altitude V=VID
VIE
VIF
MIL-E-5400 J 12 Class 1A
3.2:21.2 ]
2
34
MIL-T-5422 E 3:1.1 Class 1A
1
2
3.4
MIL-E-16400 F
MIL-T-21200 G
MIL-STD-202 105C Cond. F 15
A 30
B 50
Cc 70
D 100
E 150
G 656
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An important announcement
to the engineer
who 1s on the way up

in his compan Yy

Under the direction of

Booz - Allen & Hamilton, Inc.

Because of a wide and enthusiastic response to the
Project Management Series which has appeared in
the pages of this magazine, the editors have arranged
a series of professionally directed seminars which
will take place in key cities throughout the country.
These Seminars on the “Management of Engineering
Projects” are open to all qualified engineers who
wish to participate.

The purpose of the Seminars is to develop within
each participant an improved capability to manage
effectively both large and small electronic projects.
The Seminars will provide the practical knowledge
to those responsible for electronic projects to do a
better job of planning and executing those projects.
There will be particular emphasis on the methods
used to reach an objective while remaining within
the prescribed product specifications, budget and
schedule. The tested methods used in the Seminars
will help the individual electronic engineer or man-
ager increase his personal skills, sharpen his capabil-
ity and broaden his understanding of Project Man-
agement problems.

Electronics engineering projects require the use of
new management concepts which are often difficult
for the traditionally-oriented manager to understand

and accept. Because they cut across many func-
tional (specialist) and organizational lines, these
projects do not fit comfortably within the lines of
authority in the traditional organizational structure.
Even more important, these projects are scheduled
to achieve certain specified results at a particular
point in time.

WHAT THE PROJECT MANAGEMENT SEMINAR
CAN MEAN TO YOU

These new Seminars in Project Management offer
the electronic engineer an cpportunity to broaden
his knowledge and responsibility and to acquire
skills similar to those of the general manager. These
courses are unique in that they help the engineer
solve the severe complexities inherent in the project
assignment which in turn places an unaccustomed
burden on the project manager.

Because the project manager’s job is not easy nor
even well-defined, he is in urgent need of profes-
sional management guidance and training to help
him perform his mission successfully. The forth-
coming Seminars in PROJECT MANAGEMENT
will provide a practical insight into the concepts,
techniques and tools necessary to succeed. Actually,
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About a new

e

management discipline

: of

5

growing importance %

Sponsored by
The Electronic Engineer Magazine

these form the content of the Seminars and that is Professional personnel from Booz * Allen & Hamil-

why they are being made available to those engineers ton, one of the world’s largest management consult-

who wish to participate. ing organizations, will personally instruct and su-

pervise the Seminars which are sponsored by The

The Seminar material is based on Booz * Electronic Engineer. For further information re-

Allen & Hamilton’s extensive consulting garding d.ates, fees and other pertinent particulars,
experience in project management which please write to:

included the development of project plans
and control systems tor over 1,000 projects
involving the expenditure of many billions
of dollars. Active participation in the Semi-
nars can not only improve your own skills
but will also make ycu a more valuable
asset to your company.

J. E. Hickey, Managing Editor
The Electronic Engineer
Chestnut & 56th Streets
Philadelphia, Pa. 19139

A brochure containing all the important details will
INQUIRE NOW be sent to you by return mail.

Seminars are now being formed for the following
locations and dates:

Boston April 28-30 at Somerset Hotel

Washington May 26-28 at University Club

San Francisco June 23-25 at Fairmount Hotel

Reservations are very limited, so please register

early to avoid disappointment. The Electronic Engineer
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Here’s One Place
Where Your Dollar Is
Worth A Dollar

Two new HP oscillators are teaching the old standard
new tricks in performance and value. Both the new
HP 204C and HP 209A Oscillators have exceptional
spectral purity (<0.1% —60dB). Both have FET's in the
bridge for improved stability—balanced output—sync
in/out. All this adds up to greatly improved performance.
And, you get this extra value at only a modest increase in
price over the old standard.

Both oscillators offer improvements that assure you
of a consistent signal —test after test—time after time...
whether you are testing on a production line, researching
in a design lab, or instructing future engineers.

Portable, line or battery powered. The 204C is a
clean, inexpensive oscillator with a frequency range of
5 Hz to 1.2 MHz. Power output is 2.5 Vrms into 600 (2, 5
Vrms into open circuit. Choose interchangeable power
packs—line, rechargeable or mercury battery. Price HP
204C, $250 to $285.

88 Circle 37 on Inquiry Card

High power output, sine or square wave. The 209A
generates simultaneous sine and square wave outputs
over a frequency range of 4 Hz to 2 MHz. Amplitudes are
independently adjustable. Power output for sine wave is
double that of 204C—5 Vrms into 600 (2, 10 Vrms into
open circuit. Square wave output is 20 V peak-to-peak.
Price HP 209A, $320.

Get full value for your signal-source dollar. Consult
your HP instrumentation Catalog for full specifications
and order your oscillator by calling your nearest HP
telephone order desk. For additional data, write Hewlett-
Packard, Palo Alto, California 94304. Europe: 1217
Meyrin-Geneva, Switzerland.

099/2

HEWLETT W PACKARD

SIGNAL SOURCES
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IC IDEAS

Voltage regulator has extended range, remote shutdown

Zero-point switching eliminates EMI

Vote for the one you like best.

Write the number of the Idea you like best in the box
on the Inquiry Card, and send to us.

Send us practical, reproducible ideas that are
original with you and have been implemented with
linear or digital ICs.

¢ If we publish your idea you win a check for $25.00.

e If our readers vote yours the best of the issue in
which it appears, you have your choice of a Simpson
270 or a Triplett 600 multitester.

o After 12 issues our readers will vote on the best

idea for all 12 issues. The winner gets his choice of

either a Hewlett-Packard 1206A or a Tektronix 310A
oscilloscope.

Submit your IC Ideas to:

Alberto Socolovsky

Editor

THE ELECTRONIC ENGINEER

Chestnut & 56th Sts.

Philadelphia, Pa. 19139

Here's how you voted

The winning ldea for the October 1968 issue is, ‘‘Low
cost voltage regulator from one IC."”

Les Toth, our prize-win-
ning author, is a Project
Engineer at the San Diego,
California division of
COHU Electronics, Inc. Mr.
Toth selected the Triplett
Model 600 TVO multi-
tester as his prize.

The Electronic Engineer « March 1969

89




VOTE: o like best

910

Walter C. Jung
MTI, Cockeysville, Md.

A good, economical voltage regula-
tor, National Semiconductor’s
LLM300, is even more attractive in
the circuit shown here. Besides
upping the output voltage beyond
the 1C’s specified limit, the circuit
adds external short-circuit protec-
tion and remote shutdown capabil-
ity.

Resistors R; and R; sense the
output voltage. Although the val-
ues shown are for 30-V operation
(the spec sheet max. is 20 V),
there is no inherent limit if you
choose suitably rated transistors.
To accommodate the larger input
voltages, you must add a preregula-
tor (D;) and a level-shifter (Q;)
to the basic regulator.

For high-voltage applications, R
can be at least ten times Rg. Thus,
you can set Ry = 2.2 kQ—the op-
timum resistance for the LM300 at
the pin 6 feedback terminal. Be-
cause there is 1.8 V at this point,
I = 1.8 V/22 kQ, or 0.82 mA
For a 30-V output, then, R; is sim-
ply (E, —1.8)/1, or 28.2 V/0.82
mA = 34.4 kQ (use 36 kQ, the
nearest 5% value).

The isolation of pins 1 and 8
from the output terminal negates
the LM300’s internal short-circuit
protection. But adding Q;—a low
cost epoxy transistor—gives you
very good external short-circuit
protection. When the load current
flow through R,. is large enough,
Q, saturates and clamps pin 7 (the

Voltage regulator has extended range, remote shutdown

el

;vin

Remote Shutdown  /

De 2]
compensation terminal). This
clamping action switches the regu-
lator into a current mode, which
protects the 1€, (R;; = "Vyeu/ ly:)

Similarly, you can collector-or
additional transistors with Q; to
shut the regulator down with a dc
signal. Qj is a single-transistor ex-
ample of this technique.

N

Input (line) regulation is better
than 0.002% /V at 1-A load cur-
rent. Load regulation is better than
0.05%, again at a 1-A load. The
temperature performance is the
same as the original IC specs, since
the reference voltage source is un-
touched. R, supplies the minimum
chip current, 3 mA.

Circle 38 on Inquiry Card —>



Anyone can think small.

Frankly,we
something
bigger in

mind.

We built our second generation DPM* to
fit into seven square inches of panel.
That's less than any other digital panel
meter requires. But we didn't stop there.
The Model 1290 mounts completely
from the front of the panel. The entire
chassis pulls out from the front for serv-
icing or replacement. Even the Nixie**
tubes are pluggable! Think of the con-
venience in continuous systems opera-

*U.S, Pat. #3,061,939 and patents pending.
**Registered trademark, Burroughs Corp.

tion. Despite the smaller package, Model
1290 has all the features our original
DPM is so widely acclaimed for—3-digit
plus 100% overrange display, 0.1% =+1
digit accuracy, circularly polarized win-
dow filter, dual slope integration, full-
buffered storage display and BCD
output, Many of these standard Weston
features are still “optional at extra cost”
on competitive units. Our new compact

Model 1290 DPM will be on display at
IEEE Booths 2C-39—50. Watch us plug
it in and play your favorite numbers.

is styled for tomorrow, available today,
and priced below $200 in quantity. Any-
thing else in the industry is just small
talk. WESTON INSTRUMENTS DIVI-
SION, Weston Instruments, Inc., Newark,
New Jersey 07114.

a Schlumberger company

WESTON'




VOTE: . tecn,

911

Robert A. Phillips

Motorola Semiconductor, Phoenix, Ariz.

Solid-state circuits in high-power
ac controllers let you use zero-point
switching, which is not practical
with relay-type controllers. A zero-
point switch turns a circuit on only
when the voltage on the input line
is zero, at the start of a cycle. This
eliminates switching transients, a
prime source of EMI.

High-power systems often have
three-phase line inputs. The cir-
cuit on your right gives you zero-
point switching of such voltages,
and, in addition, you can control
it with any logic system compatible
with DTL or TTL gates.

The input lines connect to the
load through control triacs. Trans-
formers Ty, To, and T3, with their
rectifiers, form a three-phase full-
wave bridge. This rectified ac out-
put is a 5.1-V collector supply for
the logic circuitry. It also puts 5 V
on the inputs of the Schmitt trig-
gers, except when the line voltage
crosses near zero in each phase.

Two Motorola MC846P NAND
gates in each phase are wired as a
Schmitt trigger. When the line
voltage crosses near zero and the
voltage at the input to each gate
falls below the logic 1 level, the
output of the second gate follows
the input to the first. As the output
of the second gate falls to the logic
0 level, the MPS6532 transistor
loses base drive and turns off. As it
goes off, its collector voltage rises

Zero-point switching eliminates EMI

$ T IN40O1 1N4001 750
»t >t M 51V
% % 1N4001
2 T2 IN40O1 1N40O1
> >
R baid 10uF | + o
IN4001 LUCLY 3 T~ gika
fov | -
&3 T3 1N4001 1N40O1
> >
§| E 1N4001
(Neutral)
—
MAC2-6
1.5k0
(3each)$3 S 18
T4 750
(3 each) | MPs
6532 2N5431
Emcz»s % o i R
T5
1kQ 3
o 2N5431
i T5
T6 T
R
s 2N5431
RL R | _I_
| T 3uf T6
| =
IN4733A
Gen ¥ ®F | H—w ] L

to 5 V, and the 0.3-uF capacitor
charges.

When the capacitor reaches
about 4 V, it fires the unijunction
transistor (2N5431). The UJT then
applies a series of trigger pulses to
the gate of its triac (through T4,
T5, or Tg). Triggering continues
until the input of the Schmitt rises
above 1.5 V, turning the MPS6532
on. Thus, a triac has gate drive only

L—O Control terminal

when the voltage across that par-
ticular triac is zero.

Keep the control terminal of the
circuit at a logic 1 level (5 V) un-
til you want circuit turn-on. At
that time, drop the terminal’s volt-
age to a logic O level. Raising it
to 5 V again will then turn each
triac off after the immediate half-
cycle finishes, disconnecting its
load.

92
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M3 HYBRIDS

In 1967 we started taking the circuit design out of
system designing by making MSI available off-the-
shelf. Since then, we've developed a series of 12
digital MSI building blocks that do the work of a
hundred IC’s.

Now we’ve even one-upped ourselves with MSI
hybrids. We pack several MSI chips on a single sub-
strate using multi-layer ceramic for the intercon-
nections. You need fewer external connections to
your system, so reliability goes up, and fewer pack-
ages, so space needs go down. And our MSI hybrids
come to you fully assembled, fully tested, so total
system costs go down.

We started on our MSI hybrids by doubling up on
our reliable 9304, a Dual Full Adder with a carry
propagation delay of only 8ns. Shown are three
examples of what this does for you. They're all avail-
able now from your stocking Fairchild distributor.
Write for complete specifications.

New product number ﬁ‘-

SH8080
Ll
ARITH-
METIC
UNIT

The SH8080 is a 4-bit ripple-carry adder with a built in holding
register. Typical carry propagation delay is 32ns and the

noise margin is one volt. Several units may be connected in series
to handle longer words.

The SH8080 uses two Fairchild 9304 dual full adders and two
Fairchild 9020 dual JKK flip-flops interconnected on a multi-layer
substrate. It is fully compatible with all Fairchild CCSL devices.
The SH8080 is available in a 32-lead flat pack and operates over the
full military and industrial temperature ranges. You can get it from
your Fairchild distributor today. Write for complete specifications
To order the SH8080, ask for:

Part Temperature

Number Range Prices
124 2599 100-999
HBYB0801XX | —55°C to +125°C | $120.00 $96.00 $79.25

HBY80809XX 0°Cto + 70°C 46.00 3580 30.80
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New product number 85-

The SH2204 Byte Parity Generator/Checker generates parity

for an 8-bit byte or checks parity over 9 bits with a typical delay
of only 35ns from input to odd parity. For longer words, just
connect additional units in parallel.

Bm The SH2204 uses two Fairchild 9304 dual full adders inter-
pnnm on a multi-lay b LIt is fully i

with all Fairchild CCSL devices.

The SH2204 is available in a %" x %" 14-lead flat pack and

GE"E“AI““I operates over the full military and industrial temperature

u“[cx[“ ranges. It's in stock at your Fairchild distributor now.

Write for complete specifications.
To order theSH2204, ask for:

Part Temperature

Number Range Fhioss
1-24 25-99 100999
HBK22041XX | —55°Cto +125°C | $68.00 $54.00 $48.00
HBK22049XX 0°Cto + 70°C 3200 2600 2200

L]
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New product number Es-

oli2205
RIPPLE-
CARRY
ADDER

The SH2205 is a ripple-carry parallel addition (or subtraction)
function block containing four full adders. Typical carry
propagation delay is 8.0ns per bit. The circuits are high speed,
high fan-out TT,L with input diode clamping.
The SH2205 uses two Fairchild 9304 dual full adders

d on a multi-lay It is fully i
with all Fairchild CCSL devices.
The SH2205 comes in a 16-pin ceramic DIP and operates over
the full military temperature range. Your Fairchild distributor
has it in stock now. Write for complete specifications.
To order the SH2205, ask for:

Part Temperature .
Number Range Frions

1-24 2599  100-999
HBK22051XX | —55°Cto +125°C | $63.00 $50.00 $44.00

HBK22059XX 0°C to + 70°C 3200 26.00 22.00

R R B R L TR
FAIRCHILD
R R e s S

SEMICONDUCTOR
FAIRCHILD SEMICONDUCTOR A Division of Fairchild Camera and Instrument Corporation Mountain View, California 94040, (415) 962-5011 TWX: 910-379-6435
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PULSE SENERATOR

MOBEL PE-14

e, ACURRENT
RN

Risetime: 2 ns; Amplitude: +20 volts

If you have some other 50 MHz Pulser maybe you can send it p

Just about anything you want to do with a pulse gen-
erator at rep rates to better than 50 MHz you can do
with a PG-14. It's easily the most advanced and highest
performing pulser in the 50 MHz group. And it gives you
a degree of pulse shape control that lets you do what
might otherwise require a multitude of lesser pulsers to
do and some things you can’t do even with the multitude.

Capital budgets, please note: $1,250.*
Spec Checking? Fine. Spec Check:

Rep Rate: continuously variable 1 Hz to >50 MHz.
Modes: single pulse; delayed pulse; double pulse; ext. trig-
ger; gating; one-shot. Positive or negative pulses or the
complement of either. Amplitude: less than +100 mV
(+20 mA) to +20V (400 mA), continuously variable.
Current or voltage modes. Risetime: continuously variable

CHRONETICS

from <2.5 ns to 50 ms with 2 ns fixed position. Falltime:
<3.5 ns to 50 ms. Rise and fall are independently variable
and linear. Width: continuously variable from 5 ns to 500
ms. Delay: continuously variable from 10 ns to 500 ms.
DC-Offset: continuously variable from -5V (-100 mA) to
+5V (+100 mA). Duty cycle: 100%.

Solid state, naturally, and 3-1/2"" high (19" wd x 17" d);
bench mounting optional.

Want more technical data? Or a demonstration? Write or
phone the pulser professionals. CHRONETICS, INC., 500
Nuber Avenue, Mt. Vernon, New York (914) 699-4400.
In Europe: 39 Rue Rothschild, Geneva, Switzerland (022)

31 81 80.
*f.0.b. Mt. Vernon, N.Y., domestic

IEEE SHOW BOOTH NOS. 2A10-2A14

U.S.A.: 500 Nuber Avenue, Mt. Vernon, New York (914) 699-4400 TWX 710 560 0014
Europe: 39 Rue Rothschild, Geneva, Switzerland (022) 31 81 80 TELEX 22266
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Feature article abstracts

Published information is vital to your job.

To save time in finding this information,

we have abstracted the important technical features

from eight electronic engineering publications.

Should any of these articles interest you, contact the magazine—
names and addresses are listed below.

Reprints of articles with an asterisk are available free.

Save this section for future reference.

Charts and Nomographs

Chart pinpoints receiver interference problems,
M. W. Shores, General Dynamics, "EDN," Vol.
14, No. 2, Jan. 15, 1969, pp. 43-46. A receiving
system has potential EM| problems when it must
operate adjacent to such other sources as ra-
dars or flight-guidance beacons. To reduce the
EMI, the system designer can use this '‘universal
interference chart." ith it, he can determine
the i-f least susceptible to interference from near-
by sources, the maximum number of interference-
free channels, the preferred channel-spacing,
and so forth.

Circuit Design

A new type of frequency multiplier, Harvey L.
Morgan, LTV Electrosystems, "EEE,” Vol. 17,
No. I, Jan. 1969, pp. 72-74. The tapped delay
line, @ common component for generating line-
discharge pulse, is used here to multiply the fre-
quency of signal. The author claims that such
a multiplier is more efficient than those based
on the non-linear characteristics of diodes and
that it allows multiplication of modulated sig-
nals (preserving the modulaﬁon*). He shows an
co%plliﬁ:ﬁon for a quadrupler, from 100 kHz to
Z.

Differential-amplifier circuit file, Richard S.
Hughes, China Lake Naval Weapons Center,
“EDN," Vol. 14, No. 2, Jan. 15, 1969, pp. 37-40.
The differential amplifier is a versatile circuit.
Proof of this is its use in a great many linear
ICs. This article shows six variations of discrete-
component diff-amp circuits that include a log
amp, a follow-and-hold amp, a gated pulse in-
tegrator, and so forth.

Log diodes can simplify design, James Raby &
Ronald Embley, Electronic Assccicfes, Inc.,
"Electronic Design," Vol. 17, No. 2, Jan. 18,
1969, pp. 58-59. Designing analog circuitry to
multiply, divide, raise to a power, or take a
root? The silicon logarithmic diode is a natural
circuit component. Designs are simple and
straightforward, as this short article shows.

Network design using operational amplifiers,
Joseph Salerno, Bell Telephone Laboratories,
"Electro Technology,' Vol. 83, No. 2, Feb. 1969,
pp. 48-49. You can use operational amplifiers as
basic building blocks when designing networks.
Here's how.
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Synthesizing active filters, Sanjit K. Mitra, Univ.
of Calif., "IEEE Spectrum," Vol. 6, No. I, Jan.
1969, pp. 47-63. Extensive research on the theory
and practice of linear active networks has made
this area one of the most attractive and promis-
ing branches of circuit theory. The author pre-
sents a unified, comprehensive survey of achieve-
ments in the field of network synthesis for linear,
I‘x‘:;glaped, and finite networks !rom 1965 through

*Protecting circuits from over and under volit-
ages, Richard Klein, Acme Electric, ''The Elec-
tronic Engineer,' Vol. 28, No. 3, March 1969, pp.
£9-41. This article describes many under- and
over-voltage regulators. From this you can select
the regulator that is needed without wasting
money or over-regulating your power supply.

Get the facts on one-shot design, Richard S.
Hughes, U.S. Naval Weapons Center (China
Lake), "'Electronic Design,'" Vol. 17, No. 2, Jan.
18, 1969, pp. 70-74. Building a discrete one-shot
can be cheap—if you can meet period and out-
put specs and avoid trial-and-error debugging.
This concise design article goes through a sim-
plified procedure and carries out the theory with
a design example.

Communications

Signal averagers, George Flynn, Sr. Assoc.
Editor, ''Electronic Products," Vol. 11, No. 10,
Feb. 1969, pp. 34-44. Signal averagers pull repeti-
tive, low-level signals out of noise. But the proc-
ess need not stop there. For instance, if you
tie-in a computer, you can calculate various
characteristics of the recovered waveform, such
as its variation from the average value, its true
rms value, and so forth. The computer accounts
for the great differences in price between low-
and high-cost averagers. This article briefly dis-
cusses the basics of signal averagers, and de-
scribes a number of commercially available in-
struments.

Components

Relays, Sidney C. Silver, Assoc. Editor, '‘Elec-
tronic Products,' Vol. 11, No. 10, Feb. 1969, pp.
46-62. Solid-state relays ‘offer a number of ad-
vantages over their electromechanical counter-
parts. But they are still expensive and, for some
users, certain problems outweigh the advantages.
This article describes the state of the art of
solid-state relays of various types (optoelec-
tronic, reed-input/triac-output, and so forth).

Magazine publishers
and their addresses

EDN

Cahners Publishing Company
3375 S. Bannock Street
Englewood, Colo. 80110

EEE

Mactier Publishing Co.
820 Second Avenue
New York, N. Y. 10017

Electronic Design

Hayden Publishing Co.
850 Third Avenue
New York, N. Y. 10022

Electronic Products

United Technical Publications
645 Stewart Avenue
Garden City, N. Y. 11530

Electronics

McGraw-Hill, Inc.
330 W. 42nd Stieet
New York, N. Y. 10036

Electro-Technology

Industrial Research Inc.
Industrial Research Bldg.
Beverly Shores, Ind. 46301

IEEE Spectrum

Institute of Electrical & Electronics

Engineers
345 East 47th Street
New York, N. Y. 10017

The Electronic Engineer
Chilton Company

56th & Chestnut Streets
Philadelphia, Pa. 19139
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*Components feel the squeeze of ICs, David H.
Surgan, Eastern Editor, ''The Electronic Engi-
neer,"’ Vol. 28, No. 3, March 1969, pp. 73-76.
Manufacturers point out that tCs still need ca-
pacitors, variable and precision resistors, and
inductors. In some cases products have to be
modified or new ones created. What these manu-
facturers are doing is both important and useful
to engineers. Products described in this special
report range from 'outboard'' parts to compo-
nents for hybrids.

Ceramic capacitors for hybrid integrated cir-
cuits, Donald Hamer, Erie Technological
Products, '|EEE Spectrum," Vol. 4§, No. |, Jan.
1969, pp. 79-84. The high-dielectric-constant
ceramic chip represents one of the most effective
solutions to the problem of obtaining capaci-
tance in the fabrication of hybrid thick-film
integrated circuits. The author discusses ceramic
chip capacitors in multi-layer, single-layer, and
screened-on configurations. He also covers rela-
tionships between size, capacitance, and cost
for three common ceramic formulations.

Switch low-power loads reliably, E. F. Heiser,
Micro Switch, "EDN," Vol. 14, No. 2, Jan. 15,
1969, pp. 48-49. Switching low-voltage, low-cur-
rent loads may mean contact problems. Here is
a check-list of do's and don'ts to help you prop-
erly specify snap-action switches for low-power
loads.

The protectors—they safeguard equipment and
components, Sidney C. Silver, Assoc. Editor,
""Electronic Products,” Vol. Il, No. 9, Jan. 1969,
pp. 46-58. Here's a discussion of many types of
protective elements, from fuses to zeners. Each
protector has advantages for certain applica-
tions. A trend in their usage is to place them
closer to the protected circuit, rather than to
the power source. A trend in their design is to
coordinate them into a single, multi-function
package that handles the overall protection
problem.

Computers and Peripherals

Semiconductor arrays get bigger and denser, Ury
Priel, Signetics Corp., '"Electronics,' Vol. 42, No.
2, January 20, 1969, pp. 100-102. An overwew.of
semiconductor memories brings out the solid-
state thrust. Part IX of o continuing series, the
article covers who-makes-what, the state 9f art,
advantages and limitations, and application
targets.

Mastering the man-machine interface, George
Flynn, Sr. Assoc. Editor, ''Electronic Products,"
Vol. 11, No. 9, Jan. 1969, pp. 20-30. The soph-
isticated display of information is closely asso-
ciated with computers. You must pick out the
significant data, and integrate them into a uni-
fied display. This article is a general discussion
of that interface in a system where man talks to
his machine, and how displays are and should
be used, with emphasis on the crt.

A digital computer for antenna pointing, Dr.
Narsingh Deo, Jet Propulsion Laboratory, ''Elec-
tro Technology,' Vol. 83, No. 2, Feb. 1969, pp.
53-54. The author describes the best way to han-
dle trigonometric functions with an on-board com-
puter. Output pulses from the computer are
applied to a stepping motor which points the
antenna.

MOS random-access arrays, Burton R. Tunzi,
American Micro-Systems Inc., and Cutting sys-
tems costs with MOS, Lee Boysel, Fairchild Semi-
conductor, ''Electronics,'' Vol. 42, No. 2, Jan. 20,
1969, pp. 102-108. Parts X and Xl of the mem-
ory series focus on the place of MOS devices.
The authors cover the state of art, applications,
design flexibility, tradeoffs, and economics. Em-
phasis is placed on random-access, read-only,
and read/write memory types.

Integrated Circuits

The American challenge on a chip, Michael
Payne, London Editor, ''Electronics,'’ Vol. 42,
No. 2, January 20, 1969, pp. 74-86. A four-part
feature on the state of art of ICs in the United
Kingdom. United States designers will have Brit-
ish chips ot their disposal in the next decade,
so this primer comes in handy. It covers major
aspects of the technology, stressing fabrication
and production. At present, U.S. chips dom!ncfe7
thinking, accounting for 75% of the 'action.'
But the British intend to leapfrog into contention
with ECL, LS|, advanced MOS, and sophisticated
linears.
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*IC regulator removes restrictions, J. D. Lieux
and R. D. Ricks, Fairchild Semiconductor, ''The
Electronic Engineer,'" Vol. 28, No. 3, March
1969, pp. 53-57. One of the fastest growing linear
integrated circuits, the voltage requlator is be-
coming very popular because it allows users to
regulate the voltage for even small loads for
which he could nof buy a power supply before.
The IC voltage regulator this article describes
boasts flexibility as its major improvement over
the ones that have already appeared. Following
the trend of the market, it offers wider voltages,
better regulation, and better temperature com-
pensation.

Applications for fully compensated op amp ICs,
Mike English, Fairchild Semiconductor, "EEE,"
Vol. 17, No. |, Jan. 1969, pp. 62-65. Until re-
cently, most integrated circuit operational am-
plifiers had to be externally compensated by the
user. However, new op amps coming into the
market, such as Fairchild's uA 741, are com-
pensated by the manufacturer. The author ex-
plains how to maintain the op amp stable in
applications such as voltage-followers, integra-
tors, differentiators, and error amplifiers for volt-
age regulators.

Build a programmable word generator, James
J. Kubinec, National Semiconductor Corp., ''Elec-
tronic Design," Vol. 17, No. 2, Jan. I8, 1969, pp.
62-67. When simple pulse generators are not
enough, a programmable word generator can be
used in test and checkout equipment to simulate
data and commands. A 100-bit, I-MHz generator
can be built using MOS ICs and a few discretes.
Sfefﬁ-by-sfep design procedures are given by the
autnor.

MOS complex array system design, L. L. Boysel
and G. P. Carter, Fairchild ~Semiconductor,
"Electro Technology," Vol. 83, No. 2, Feb. 1949,
pp. 35-37. It's becoming increasingly difficult to
design an error-free high-gate-density circuit be-
cause of the complexity of IC arrays. However,
with a properly designed building block you
can breadboard the design before final IC
commitment.

Materials

Transfer tapes streamline component packaging,
K. Ettre and G. R. Castles, Vitta Corp., 'Elec-
tronic Products,'" Vol. Il, No. 9, Jan. 1969, pp.
62-68. A typical transfer tape consists of a base
layer, an adhesive film, protective paper, and
another layer from which the tape takes its name,
the transfer layer. The transfer layer may be
glass, metal, ceramic or other inorganic mate-
rial, plus binders. The tapes are useful in glass
sealing, metallizing, preforming, and so forth,
in the processing and housing of components
(ICs for example). Delicate parts can be held
and/or transported on the adhesive layer, or the
tape itself can be punched to make preforms.

The compatibility of materials, Walter H. Kohl,
NASA Electronics Research Center, "|EEE Spec-
trum," Vol. 6, No. |, Jan. 1969, pp. 67-74. When
the concept of compatibility is applied to mate-
rials, some modification of its meaning becomes
necessary—two different materials must be com-
patible not only with each other but with their
environment as well. This demand for more
specialized, more durable substances for such
critical projects as the space program has
created a new materials technology.

*Heat shrinkable tubing chart, EE Editors and
Electronized Chemical Engineers, ''The Electronic
Engineer," Vol. 28, No. 3, March 1969, pp. 35-42.
This handy, multi-colored wall chart will remove
the mystery from selecting and using heat
shrinkable tubing. The heart of the choart is a
table describing what materials are used, and
which compares their good and bad points for
various applications. Many good application
ideas are contained in the chart.

Microwaves and Microwave Products

Visible and near-IR laser modulation, Monte
Ross, McDonnell Douglas Astronautics Co.,
""Electro Technology," Vol. 83, No. 2, Feb. 1969,
pp. 21-28. Modulators and modulation must both
be considered when dealing with modulation for
the visible and near-IR wave lengths. Thus the
author first deals with the physical principles of
modulation. He does this by presenting the basic
physical considerations in modulating a laser.
Basic considerations in signal design then lead
the reader to desirable laser modulation schemes.

Build broadband rf power amplifiers, James A.
Benjamin, ITT Semiconductors, '‘Electronic De-
sign,"" Vol. 17, No. 2, Jan. I8, 1969, pp. 50-54.
Matching broadband rf power amplifiers to
sources and loads is tough over a wide range
of frequencies. However, ?ilfers, ferrite transform-
ers, and hybrids can solve the problem. This
article shows how.

Infrared modulation techniques, Thomas E.
Walsh, RCA Electronic Components, ''Electro
Technology," Vol. 83, No. 2, Feb. 1969, pp. 29-33.
Various modulation methods used to modulate IR
light beams are discussed. With practical driving
circuits these methods yield bandwidths to sev-
eral hundred megahertz. Useful wavelength range
has been limited to below I12um for all methods
except free-carrier modulation. It has been found
that if the device is placed inside the laser cav-
ity, a hundredfold increase in modulation senei-
tivity can sometimes be achieved.

Packaging

A systems approach to hybrid packaging, T.
J. Dowling and D. A. Colling, Research Labs,
Westinghouse Electric Corp., "'Electro Technol-
ogy,'' Vol. 83, No. 2, Feb. 1949, pp. 38-42. The
hybrid IC packaging engineer must often solve
problems in chemistry, electronics, physics, me-
chanical engineering and materials science if his
design is to be reliable. The packaging engi-
neer's role in improving reliability is analyzed.

Systems

Analyzing sampled data servos using stepper mo-
tors, Bernard F. Papa, Systems Div., Singer-
General Precision Inc., '"Electro Technology,'
Vol. 83, No. 2, Feb. 1969, pp. 50-52. You can use
stepper motors to achieve positioning flexibility.
This article shows you how to analyze and pre-
dict the performance of such systems.

*Telemetry Course, Part IV: demultiplexing and
decoding, George J. Slusarchyk, Radiation, Inc.,
"The Electronic Engineer,' Vol. 28, No. 3, March
1969, pp. 63-71. This month's instaliment describes
how the data is separated so that we again
have one set of data for each data source.
When separating this data we have a prime
consideration—insuring data integrity and accu-
racy. How this is done is clearly described for
our readers.

Test and Measurement

*A quick guide to environmental specifications,
Rudolph Wernick, Dept. of Defense, Canada,
"'The Electronic Engineer,'" Vol. 28, No. 3, March
1969, pp. 79-85. What kind of temperature range
does MIL-STD-810B, Procedure Il, specify? And
how about MIL-E-52572-C? If these questions
sound confusing to you, don't despair. They are
also confusing, yet very important, to a great
number of engineers who design equipment that
must comply with military environmental specs.
Usually, more than one spec applies to a piece
of equipment, and they do not necessarily agree.
To end the confusion, the author has prepared
a series of charts that clearly show the tem-
perature ranges each spec covers. He has found
these charts of great help in his design work,
and so will our readers.

Panel meters: design with a purpose. Staff Re-
port, "Electro Technology,' Vol. 83, No. 2, Feb.
1969, pp. 57-62. The job of selecting a panel me-
ter shouldn't be taken lightly. The choice is no
longer a simple one. There are many factors to
be considered—both mechanical and electrical.
This article should help you make your selection.

Infrared detector chart outlines materials and
characteristics, Philip Shapiro, Aerojet-General
Corp., ""Electronics,'" Vol. 42, No. 2, January 20,
1969, pp. 91-96. Optoelectronic techniques are
coming on strong in instrumentation systems, with
infrared detectors lighting the way. Author Sha-
piro has compiled an applications-oriented chart
on commercially-available devices. Materials,
electrical and mechanical characteristics, price
data, design equations, and who-makes-what are
included. A supplementary text commentary pro-
vides added perspective.

Predicting error in a function of measurements,
Helen Nelson, Sylvania Electronic  Systems,
"‘Electro Technology,' Vol. 83, No. 2, Feb. 1949,
pp. 43-44. You can determine performance errors
during the system-design stage. The method de-
scribed here is well-suited to computer use.
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Introducing

the no-nonsense
counter.

Built to be used. Five digits plus over-ranging
and overflow bits. With no frills, just functions.
Instructions and control settings for 14 types
of measurements in a pocket built right into
the counter. Frequency (up to 20MHz), period,
multiple period, time interval, totals, ratios,
multiple ratios, and more.

We've put all the controls on the front so you
can get to them and made them big enough
so you can use them. We've included conven-
iences like ac/dc coupling, storage, automatic
triggering, and our own ASC high noise-rejec-
tion circuitry. And deep down inside where it
really counts, we've made it reliable but it's
maintainable anyhow.

The no-nonsense price of the model 650 is
$595. Send for our brochure today.

1‘

|

g
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T I["]“‘ ITRON Corporation 11675 Sorrento Valley Road
L” B | San Diego, California 92121 Telephone (714) 453-5300
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Now we're fabricati
all the others,too.

For forty years we've made plastic
parts exclusively from Synthane
laminated sheets, rods and tubes.
During this time we built up one
of the nation’s largest, most com-
pletely equipped shops devoted
entirely to precision fabrication of
plastics.

We've learned how to handle
routine orders with the same me-
ticulous care we give to specials

Let us quote on your next job
-—one part or a million—
from ANY plastic

*Rohm and Haas trademark 1G-L Industries, inc. trademark

**DuPont trademarks

. . . and both with a minimum of
red tape.

Now we're extending the bene-
fits of our experience and service
in thermosetting plastics to ther-
moplastics users.

Which means that Synthane is
now your best single source for
custom machined parts of any
modern plastic. Today we're fab-
ricating acrylics like Plexiglas*

and Glasplyt, acetals such as
Delrin**,fluorocarbons (Teflon**),
polycarbonates, styrenes, PVC,
ABS and many others . . . includ-
ing, of course, our own Synthane
laminated plastics in 81 grades.

You'll profit by having all your
plastic fabrication needs an-
swered at one address. Find out
how by writing for your copy of
our fabrication brochure.

[SYNTHANE]

CORPORATION L§] OAKS + PA. 19456

DIVISION OF ALCO STANDARD CORPORATION

LAMINATED PLASTIC SHEETS, RODS, TUBES AND FABRICATED PARTS

Write for our new fabrication brochure: Synthane Corporation,18 River Road Oaks, Pa. 19456
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Frequency counter is also a computer

Computing circuits change precise time interval measurements
into accurate frequency displays. An accessory keyboard
makes use of these circuits, so that you can use

the instrument as a real-time computer.

Is it true that if you build a better
counter the world will beat a path to
your door? Hewlett-Packard will find
out next month, because that’s when
deliveries begin on their Model 5360A,
which the company calls a Computing
Counter.

Extensive computation is an inte-
gral, indispensable part of its measure-
ment process. The 5360A measures
time intervals, converting them to fre-
quency by computation. Interpolator
circuitry gives at least two orders of
magnitude improvement in resolution
over that of conventional frequency-
counters.

Interpolation also improves the
measuring-time vs accuracy tradeoff,
as well as reducing by three orders
of magnitude the signifigance of the
#+1 count ambiguity. And it allows an
11-digit display.

Frequency measurements

The basic range of the new counter
is 0.01 Hz to 320 MHz. HP’s already-
familiar plug-ins extend the upper
limit to 18 GHz. The readout auto-
matically shifts about a fixed decimal
point, and only digits within the ac-
curacy of the control settings are dis-
played.

For instance, the computation pro-

Fig. 1. HP's Model 5360A counter goes
to 320 MHz, or, with standard plug-ins,
to 18 GHz. The instrument’s timing-
interval accuracy is 1 ns, with 100-ps
resolution on an 11-digit display.

The Electronic Engineer « March 1969

cess lets you measure a 320-MHz
signal to three digit accuracy in only
300 ns—1/100 of the time formerly
required. Conversely, if you are satis-
fied to use the customary time inter-
val, your frequency measurement is
100 times more accurate than on con-
ventional counters.

Conventional counters

The 5360A measures time intervals
with an accuracy of better than a
nanosecond, and with 100-ps resolu-
tion. For a conventional counter to
readout with such resolution, it would
require a 10-GHz clock with counting
circuits operable at the same rate! Be-
cause, at present, the highest practical
clock rates are about 10 to 100 MHz,
conventional counters can resolve
about 100 to 10 ns in measuring a
period or a time interval.

A good example of such a counter
is CMC’s Model 901, introduced last
year at Wescon. Its makers billed it
as the industry’s highest-frequency
counter/timer: the 901 can go to a
200 MHz main-frame frequency with-
out prescaling, heterodyning, or using
plug-ins. But even this instrument,
with its nine-digit readout (instead of
the more usual eight), has a time-in-
terval resolution of only 10 ns, as com-

o -

pared to 100 ps in the 5360A. (CMC,
Division of Pacific Industries, 12970
Bradley Ave., San Fernando, Calif.
91342. (213) 367-2161.)

At the lower end of the spectrum,
most conventional counting methods
need a l-s gate to get 1-Hz resolution
on a 1-MHz measurement, with the
usual 10-MHz clock. The 5360A,
even though it too uses a 10-MHz
clock, can make the same measure-
ment, to the same resolution, with a
I-ms sample.

Interpolation is the key

How does this instrument come by
its accuracy? Figure 2 tells the story.
Suppose that you want to measure a
frequency of period T. Now, in any
counter, counting begins with the first
clock pulse after the sTART pulse, and
ends at the first clock pulse after the
STOP signal.

It is unlikely that the unknown
period would coincide exactly with
the interval between the first and last
clock pulses within some desired re-
solution. So T, and T, in Fig. 2 rep-
resent uncertainties that limit counter
resolution. But if you could measure
these small intervals, then you would
know what corrections to apply, and

(Continued on page 100)
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(Continued from page 99)

thus be able to determine the period
T with great precision. And this is the
function of the interpolators; they de-
termine T; and T,.

The gross clock measurement, T,
is determined by the first and last
clock pulses, and stored in a register.
But during the time T,;, a constant
current charges a capacitor. Charging
ends at the same time that the first
clock pulse is counted, and discharge
begins. But the discharge current is
exactly 1/1000 of the charge current.
So the " 1arge time is exactly 1000
times ng as the charge time, Tj.

The rpolator therefore multi-

plies )0 times, allowing it to be
accur neasured by the 10-MHz
clock T, is stored in a register.
Tt i8 rly measured and stored,
and | where the computing cir-
cuits ¢ mn.

In the 5360A, the unknown period
is defined as T = Ty 4+ Ty — T». The
computing circuits perform the addi-
tion and subtraction, and give a result
for T that is accurate to better than
a nanosecond, and with a 100-ps re-
solution. And since time interval, pe-
riod, and frequency are interrelated,
knowledge of one is knowledge of all.

It’s a computer, too

HP brings the 5360A’s computing
capabilities out for your use. Connect-

Start Stop
Input | 1
Signal = T >
: :
&) 1 s g c oo« e Ng
10 MHz T A5 T O G O 8 O g 8
Clock f:: T iy
| [N}
> e T e,

(IS AA i
4 7 (s
Interpolators e 7 xiw0o0=T1" —|_ T, X1000=T,

Counted |

1 1
Clock | 2 3

N, | &3 Ny

Fig. 2. The time-interval measurement sequence uses interpolation techniques to
determine the usually uncertain times T, and T.. Computing circuits solve the
equation for the unknown period as T =T, + T, — T..

ing an accessory keyboard to the in-
strument lets you add, subtract, mul-
tiply, divide, and take square roots.
The latter is useful for rms calcula-
tions.

The instrument can display, in real
time, the solution to equations whose
input variables consist of the coun-
ter's measurement, along with exter-
nally-entered constants for processing.
Examples include direct readout of
phase, and fractional frequency devia-
tion (Af/f). Standard deviation calcu-
lations are also within the instrument’s
capability.

The 5360A’s computing circuits
have 32 commands that can be per-
formed in any sequence, and with any

Self-contained logic designltest system

Are you tired of jury-rigging bench
set-ups each time you try out a cir-
cuit idea? Such lash-ups can get
messy, what with coax cables and
power supply leads coming out every
which way.

You can rid yourself of this clutter
with a new desk-top instrument that
contains everything you need to as-
semble and test your logic designs. It’s
also a quick way of putting together
input-output simulators, test pattern
generators, temporary interface assem-
blies, and so forth.

The Elite T has four columns of
connectors which, together, hold a
total of 32 14-pin, 28 16-pin, or 20
24-pin pip packages. You can, of
course, mix sizes. Additionally, the
instrument can mount TO-5 devices
and discrete components.

To connect these devices together
as a circuit, you use ordinary 22-

(Continued on page 102)
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length. The keyboard will have some
data storage of its own. And you can
store fixed programs in diode matrix
boards.

The Model 5360A with the 5365A
Frequency-Period Input Module costs
$6500, with deliveries starting in April.
The Model 5379A Time Interval plug-
in will cost about $700, and will be
available in June. Later in the year
you'll be able to pick up the Model
10537A Keyboard. Its price is peg-
ged somewhere between $800 and
$1000. Inquiries Manager, Hewlett-
Packard Co., 1501 Page Mill Rd.,
Palo Alto, Calif. 94304. (415) 326-
7000.

Circle 201 on Inquiry Card
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The Elite | has all that you need to test and evaluate your logic designs.
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The
counterpart.

Dale’s new 8100 film T-Pots offer
RJ-11 advantages at industrial prices

Dale’s new 8100 Series makes it easy to ap- 8100 FILM-T-POT SPECIFICATIONS
progph RJ'II Performance at hlghly com- Standard Resistance Range: 10 ohms to 2 Megohms
petitive industrial prices. Buy it sealed or Resistance Tolerance: 10% 100 ohms through 500K ohms;

unsealed—you're the boss. Get essentially +20% all other values
infinite resolution...a broad 10 ohm to 2 Meg- Resolution: Essentially infinite
ohm resistance range...plus ab]“ty to dissi- Power Rating: .75 watt at 70°C, derating to 0 at 125°C

pate % watt at 70°C. The 8100 is part of awide ~ Operating Temperature Range: ~65°C to +125°C
range of film element and wirewound T-Pots Mechanical Adjustment: 25 = 2 turns. Clutch prevents
: ; . overtravel damage
now available from Dale for industrial and ) } 8
: Dimensions: .28” H x .31" W x 1.25” L
commercial use. Common parameters: Low ) L=
; ieledel S Dalddictihn Models: 8187, printed circuit pins; 8188, stranded
price, quick delivery. See your Dale distributor vinyl leads; 8189, solder hook; 8184, panel mount

or call us at 402-564-3131 forcomplete details. version of 8189; 8186, panel mount version of 8188

\‘Vltlﬂtlh’.

N DALE ELECTRONICS, INC.

1304 28th Avenue, Columbus, Nebr. 68601
In Canada: Dale Electronics Canada, Ltd.

K3 0
“eropu W
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{Continued from page 100)

gauge solid hook-up wire. The wire
is gripped by pin jacks on the panel,
s6, with this instrument, you needn’t
worry about running short of, or los-
ing, special patch cords.

Test, power sources built-in

After you connect-up your circuit,
you’ve got to test it. And here’s where
the Elite I makes life simple, because
the test instrumentation is built-in. To
start with, there is a variable power
supply (2 to 10 V, 2 A, 25 mV max.
ripple) with separate 2% meters for
voltage and current. This is convenient
for checking voltage sensitivity and
current drain.

Next, there is a wide-range pulse
generator independently variable in
rep-rate and pulse width. The rep-
rate range is 1 Hz to 1 MHz, and the
pulse width range is variable between
0.2 ps and 100 ms. The output of this
source is positive and variable from
1 to 6 V, with 50-ns max. rise-fall
times. Besides being available to your
circuit via the pin jacks, it is brought
out for other uses (synch, and so
forth) through a BNC connector.

To control and route the power
supply and signals, there are four
SPDT toggle switches, and four SPDT
push-button contactors.

With your circuit operating, you
can use the indicator lamps to show
its various states. The Elite I supplies

you with 12 indicators that have
built-in lamp drivers (4.7-kQ input
impedance). The lamp OFF level is 0.5
V or less, while the oN level is 1.5 V
or more. The maximum input signal
range to the drivers is =5 V.

To complete the package, there are
two more BNC connectors and a 22-
pin PC edge connector. You may use
these as either input or output con-
nectors.

The Elite I sells for $650 with a
30-day delivery time. Its makers will
ship it anywhere in the U. S. on a 5-
day free trial basis, upon receipt of
a purchase order. E & L Instruments,
Inc., 61 First St., Derby, Conn. 06418.
(203) 735-8774.

Circle 202 on Inquiry Card

High speed circuit breaker protects ICs
from current overloads

Integrated and other solid-state cir-
cuits are often damaged by transients,
shorts, and other current overloads.
Unfortunately, many thermal and
magnetic type breakers are too slow to
afford a reliable means of protection.
Now, however, a new high speed dc
static circuit breaker has the ability to
interrupt a circuit in 50 ps. In addi-
tion, it is so accurate that it will
operate continuously at 100% of its
rated value and trip when the current
passes 105%. It is not damaged by a
direct short circuit.

The breaker comes in five models,
ranging from 25 mA to 1 A. The trip
point of each of these can be adjusted
from 50 to 150% of rated current by

7,
"4 1y 26
i ugy S
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Supply, 5-50 vdc {

l Local

ol reset

r

|
6}’Remove
ofreset

1

External
trip point
adjust e

Trip

indication

connecting an external resistor to it.
Thus, you can select the exact cur-
rent level at which you desire protec-
tion.

A logic voltage trip indication (0.2
Vdc) appears simultaneously with the
trip. Reset takes only 10 us or less by
a pulse or contact closure. When re-
set, the indication is 5 Vdc. A self-
resetting option is available—the unit
will automatically reset in any speci-
fied time after trip.

Another useful feature of this
breaker is that the current sensor is
completely isolated from the switch
portion. Thus, if you wish, you can
monitor the current in one circuit
while protecting a different one from

current overloads. The sensor re-
sponds to dc or peak ac currents, re-
gardless of polarity. Remote sensing
is also possible.

Internal power requirements are 35
mA at load voltage, but you can use
external bias instead of sampling load
voltage. Load voltage is 5 to 50 Vdc
(min.-max.).

Many modifications are available,
making it adaptable to most existing
systems at low cost.

Delivery is stock—2 weeks ARO.
Price ranges from $26.70 (1-3 units)
to $18.90 (26-50 units). Flight Sys-
tems Inc., Box 25, Mechanicsburg, Pa.
17055. (717) 697-0333.

Circle 203 on Inquiry Card
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Voltage regulation
is no longer a
make-or-buy decision.

POSITIVE VOLTAGE REGULATOR

IN

The Fairchild ;1A723 Precision Voltage Regulator

v+

o n works better and costs less than any module
you could make or buy to do the same jobs. Use
i ZZ & Bee it for series, shunt, switching or floating regu-
; s lation — with positive or negative supplies —and
i S get a regulated voltage anywhere in the range
s G s e from 2V to 37V. Your design determines whether
V‘l com? T soopr s 715402 the output voltage is fixed or adjustable. The
= = output current goes up to 150mA, but can be
Regulated Output Voltage: ~ +15V boosted by using an external pass transistor —
tl":akffé'lﬁl?:..((ﬁ'L”f&‘;? : :55:\)/ PNP or NPN. And we’ve built-in provisions for

adjustable current limiting, with or without
foldback, and remote shutdown.

. NEGATIVE VOLTAGE REGULATOR
The 1A723 is another product based on our

Second Generation Linear technology. It uses 1
FET’s, MOS capacitors and exceptionally well- ;i Rz; v+ Ve R
matched transistor pairs on the chip to give you veer  Vourl— 12
a typical line and load regulation of 0.03% vz hEg
and a temperature coefficient of just 0.003% /°C. ek )
You get better system performance for every 4 cs—
device dollar spent. . "

To show you how easy it is to use, here are . T oow qu
two applications for the nA723. : s o

H ifi i REGULATED
Write for complete specifications and more o
CIPPIICC“‘IO“S information. Regulated Output Voltage: —15V

To order the 1A723, ask your Fairchild Line Regulation (AVin = 3V): ImV
. . Load Regulation (Al = 100mA): 2mV
distributor for:

PRICES
PART NUMBER  PACKAGE TEMPERATURE RANGE 1-24 25-99 100-999
U5R7723312 TO-5 —55°Cto +125°C $22.50 18.00 15.00
U5R7723393 TO-5 i 0°Cto+ 70°C 6.50 5.20 4.25

RN SRR
FAIRCHILD
P s e S
SEMICONDUCTOR

FAIRCHILD SEMICONDUCTOR A Division of Fairchild Camera and Instrument Corporation Mountain View, California 94040, (415) 962-5011 TWX: 910-379-6435
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New trimmer features low TCR

A new trimmer offers a combina-
tion of characteristics not found in
either cermet or wire wounds. It has
infinite resolution and low TCR com-
parable to that of wire-wound and
metal-film resistors. Distributed in-
ductance and capacitance is low, mak-
ing it especially useful in hf and pulse
applications where phase shift and
pulse distortion must be minimized
(e.g., rf communications equipment,
radar, and high speed computers).
Also, having a homogeneous alloy
characteristic, it has lower thermal and
current noise then cermets.

The new 34-in. “3811” trimmer re-
cently announced by Amphenol fea-
tures the company’s Film-Met™ resis-

7 B ¢
\
05 o

a {1

X100

& R/R

A Film-Met, 10k}
B Cermet, 10k
C Wirewound, |0k

-0
I l Temperatur e

50 25 o 25 50 75 100 125 50—

tance element, which is of all-metal
composition deposited on a ceramic
substrate. Resolution is infinite and
CRV (contact resistance variation) is
low—2% of RT or 20 (), whichever
is greater. This is significant for trim-
mers used in balancing circuits and in
circuits related to the input of high-
gain op amps.

The 3811 operates over a tempera-
ture range of —55° through +125°C
with its TCR guaranteed not to ex-
ceed 100 ppm/ °C. Units which do not
exceed 50 ppm TCR over the same
temperature range are also available.

Another feature of this trimmer is
that it exhibits both low thermal and

Integrating DVM: The price is right

Here's a digital voltmeter that gives
its users a significant cost savings.
Data Technology's basic 350 DVM is
tagged at about 60% of the price of
equivalent instruments (such as HP’s
3440, Fairchild’s 7000, Dana’s 4400,
and Non Linear System’s X2 series).
And its specifications are as good as,
and in some instances better than,
those of its competitors.

The basic 350 is a 1- to 1000-V dc
voltmeter. There are a number of
options available that add measure-
ment capabilities such as dc millivolts,
ac volts, ohms, auto ranging, and ratio.
The options have good specs too, and
you still save money.

The pvM has four ranges for dc
volts. The first reads 1.0000 V (i.e.,
100-u.V resolution), and has an input
impedance of more than 100 MQ. The
last range reads 1000.0 V with 100-
mV resolution and a 10-MQ input
impedance.

Accuracy is *=0.01% of reading
+0.01% f.s., with 40% overranging
at the same accuracy; measurement
time is 200 ms. Normal-mode rejec-

104

tion at 60 Hz is 60 dB min., while the
dc- to 60-Hz common-mode rejection
is 100 dB with a 1-kQ) source im-
balance. The instrument has a guarded,
isolated input.

The 350 pvM is basically a three-
card machine. To add whatever option
you may need, you simply plug in the
appropriate extra card. With the acV
option, you can read signal levels from
1 to 1000 V (to 100 kHz) with the
same resolution as for dc volts. The
input impedance is 1 MQ/75 pF. Step
response time is 3 s.

With the ohmmeter plug-in, you can
measure resistances to 10 MQ, while
the preamplifier option gives you two
low-level dc ranges: 100.00 mV (10
wV resolution) and 10.000 mV (1
wV resolution). Input impedance is
greater than 100 MQ.

Four Nixie tubes make up the dis-
play, and there is overrange, polarity,
function, and decimal point indica-
tion. Electrical outputs are buffered
Bcp (1, 2, 4, 8) for data, decimal
points, polarity symbols, and functions.
Lighted push-buttons select ac power,

current noises. This is very important
in low-level circuits which are follow-
ed by high-gain amplifiers, where noise
characteristics are particularly critical.

Another possible application for the
3811 is at the point of transmission
line terminations. Due to its perfor-
mance characteristics it can be used
in impedance matching circuits.

The manufacturer feels that the
Film-Mets will open many new areas
for trimmer applications while simul-
taneously making improvements in
existing areas. Amphenol Controls
Div., The Bunker-Ramo Corp., 120 S.
Main St., Janesville, Wis. 53545,

Circle 204 on Inquiry Card
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range, and function. You can remotely
control the instrument by grounding
the appropriate line; the external read
command signal is a 5 V level.

The basic 350 pvM costs $695. For
the options, the prices run this way:
A-1 auto range, $140; A-2 ac volts,
$180; A-3 ohms, $145; A-4 preamp,
$335; A-5 ratio, $75. Three other op-
tions are the A-6 rear panel signal
connector for $25, the A-7 rack
mounting kit for $40, and the A-8
input cable for $10. For more infor-
mation, contact Tom Bakey, Data
Technology Corp., 2370 Charleston
Rd., Mountain View, Calif. 94040.
(415) 321-0551.

Circle 205 on Inquiry Card
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The Single Source For Reliable Protection For Every
Type Of Electronic And Electrical Circuit And Device

BUSS cvaury

SMALL DIMENSION FUSES
AND FUSEHOLDERS

2

TRON Rectifier Fuses
For the Safe Protection of Solid State Devices
Provide extremely fast opening on overload and fault
currents, with a high degree of restriction of let-thru
current. Many types and sizes available. Ampere ratings
from 14 to 1000 in voltages up to 1500.

Include dual-element ‘“‘slow-blowing”
fuses, single-element “‘quick-acting’’

fuses and signal or visual indicating
type fuses .. . in sizes from
1/500 amp. up . . . PLUS:

a companion line
of fuseholders.

BLOCKS FOR BUSS FUSES
All types available for every
application. Single pole, mul-
tiple pole, small base, full base,
molded base, laminated base,
porcelain base for fuses from
14 x % inches up. Also signal
fuse blocks and special blocks
of all types.

THE COMPLETE LINE OF SIGNAL-INDICATING
ALARM-ACTIVATING FUSES

For use on computers, microwave units, communication
equipment, all electronic circuitry.

=~
.

! ’ =
QO BUSS GLD-% x 1% in. D Wy
Visual-Indicating, \
Alarm-Activating. BUSS Grasshopper

Fuse, Visual-Indicating,
Alarm-Activating.

|

A BUSS MIN-13/32 x 1% in. BUSS ACH

Visual-Indicating. C:S’E;alnl r:-cll:rc\;t:rrlg

BUSS GBA-% x 1% in.
Visual-Indicating.

| g//%’ NG

BUSS Sub-Miniature GMW Fuse
and HWA Fuseholder. Fuse size only
.270 x .250 inches. Fuse has window for visual
inspection of element. Fuse may be used with or
without holder. 1/200 to 5 amp. Fuses and holders
meet Military Specifications.

BUSS MIC-13/32 x 1% in.
Visual-Indicating,
Alarm-Activating.

FOR MORE INFORMATION ON THE COMPLETE BUSS LINE, WRITE FOR
BUSS FORM SFB

FNA FUSETRON Fuse 13/32

x 1% in. slow-blowing, BUSS GMT and HLT
Visual-Indicating, Alarm- holder, Visual-Indica- BUSSMANN MFG. DIVISION, McGraw-Edison Co., St. Louis, Missouri 63107
Activating. (Also useful for ting, Alarm-Activating.

tection of small motors,
Solenoids, transformers in SUPPLIED THE ECONOMICAL WAY . ..

machine tool industry.) THRU DISTRIBUTORS

FOR FUSES AND FUSEHOLDERS OF UNQUESTIONED HIGH QUALITY
FOR EVERY PROTECTION NEED INSIST ON...

""See us at IEEE Show Booth 3B24"
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*Accelerated Cathode €xcitation
SCR from the Power House.

Meet the tradeoff eliminator: our new 80-ampere-average ACE®
SCR in a TO-94 case. Now you can toss out complex hard firing
circuits, get more power output per SCR. In other words, get
maximum power at lowest system cost.

The ACE SCR allows low amplitude soft firing, and has the industry’s
highest di/dt (800 A/ us per JEDEC #7) along with high frequency
performance to 10 kHz (250 amperes peak at 60 Hz and 210
amperes peak at 5 kHz). It's rated to 1200 V and provides
200 V/us dv/dt with 40 ;s turnoff time. Advance specifications
from the Power House, 233 Kansas St., El Segundo, Calif. 90245.
Phone (213) 678-6281.

INTERNATIONAL RECTIFIER

IR
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SLIDE ALIGNMENT FIXTURE

Operates electronically with photocell sensors.

U%:E\" S

This fixture positions 1.5- or 2-in.? reticles in a single
segment slide for use in the company’s 4M mask-making
machine.

The maker claims that its Offstage Alignment Fixture
is consistently accurate to = 0.00002 in. The operator
uses an optical viewer for preliminary positioning only.
Photcells then take over and transmit deviations from true
center to 0 two microvoltmeters. When both meters null on
zero, the glass slide is locked in position and ready for
use in any model of the company’s step-and-repeat equip-
ments. Adjustments to the reticle are made by separate
micrometer thimbles.

The instrument is adaptable to any special requirements
of the customer. The Jade Corp., Huntingdon Valley, Pa.
19006. (215) 947-3333.

Circle 206 on Inquiry Card

HYBRID POWER AMPLIFIER

Output of 5 W rms from a 14 V source.

This hybrid 1c audio amplifier is designed for 14-V
power supply operation. It is suitable for automotive,
marine, industrial, and consumer applications where input
signals may be as low as 15 mV.

The BHAO0004 thick-film, class-B complementary ampli-
fier has internally-set idle current and needs only three
external components. A 65% operating efficiency and low
power dissipation give you 5-W output at case tempera-
tures to 100°C. Packaged in its maker’s standard modular
configuration, the frequency response is 25 Hz to 15 kHz.
Distortion is less than 1%, and power gain is 85 dB.

The BHAO0004 costs $6.23 ea. in lots of 100-999 pcs.
Immediate delivery. Bendix Semiconductor Div., South
St., Holmdel, N. J. 07733. (201) 946-9400.

Circle 207 on Inquiry Card
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MONOLITHIC OP AMP

Frequency compensation is built-in.

T

Like the recently introduced LMI101A, this op amp
offers input current advantages: a guaranteed 100-nA
bias current with a 20-nA offset current, over the full mil-
itary temperature range. And, the manufacturer claims,
with no sacrifice in drift or offset voltages. These are also
guaranteed over the full temperature range: 3-mV offset,
and 15-pV/°C offset voltage drift.

The LM107 has its frequency compensation built into
the chip. The unit is a plug-in replacement for the 709,
741, LM101, and LM101A. Available from all stocking
distributors, the LM107 costs $50 ea. (1-24 pcs.), or $33
ea. (100-999 pcs.). The LM207 (0° to 70°C) costs $20
and $13 in the same respective quantities. National Semi-
conductor Corp., 2950 San Ysidro Way, Santa Clara, Calif.
95051. (408) 245-4320.

Circle 208 on Inquiry Card

MSI CIRCUITS

For synchronous digital counting.

Two ccsL (compatible current-sinking logic) circuits
offer speeds greater than 15 MHz. You can use the 9310
BCD and the 9316 binary hexidecimal counters in multi-
stage operations without external logic or degradation in
speed over a single stage. An asynchronous master reset
can reset all stages, overriding all other inputs. Both cir-
cuits come in a 16-pin pip and Flatpak. Prices range from
$46 for the full temperature range Flatpak in unit quanti-
ties, to $14 ea. for the limited range pIp in 100-pc. lots.
Fairchild Semiconductor, 313 Fairchild Drive, Mountain
View, Calif. 94040. (415) 962-3562.

Circle 209 on Inquiry Card
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ANALOG GATES

Operate from DTL or TTL logic.

Using all military-grade semiconductors, this SPST FET
switch is designed for analog gating. Either DTL or TTL
logic can drive it directly.

A hybrid thin-film circuit, the CAG10 has 50-ns max.
turn-on and turn-off times, zero offset voltage, and ON-
resistance of 30 ) max. Preconditioning of the semicon-
ductors in chip form ensures reliable operation over the
full military temperature range.

I'he CAG10 costs $42 ea. (1-99 pcs.), or $28 ea. (100-
999 pcs.). Delivery is from stock. Crystalonics, 147
Sherman St., Cambridge, Mass. 02139.

Circle 210 on Inquiry Card

BEAM LEAD BONDER

A single tool motion bonds all leads.

Bonding by thermocompression wobble-tool action is
wlaptable to semi-automatic setups. The operator aligns
the die’s beam leads with the leads of the workpiece, then
pushes a button on the chessman x-y manipulator. The
motor-lowered heated tool presses the beam leads against
the workpiece. Then the top end of the tool tilts 1° and
rapidly rotates twice, applying a uniform, controllable pres-
sure sequentially to all leads.

Model 573 has a reflex optical system that shows the
levice pattern superimposed on the workpiece pattern.
Variable light sources illuminate both the tool and the
vorkpiece. Portions of the heating mechanism are water-
ooled to prevent dimensional changes. Kulicke and Soffa
Industries. Inc., Fort Washington, Pa. 19034.

Circle 211 on Inquiry Card
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PROBING DEVICE

Permits variety of testing operations.

This 30-point probing station allows sequential indexing
and testing of similar circuits on a single substrate, either
manually or automatically. Actual contact with the item
under test is through a newly developed probe positioner
on the master probe station. You can adjust the pressure
at the probe tip from a few tenths of a gram to 20 gm.
(The company plans to market the probe positioner sep-
arately, as well as with the master station.)

The 30-point station lets you perform a number of
tests during various processing stages. CGS Units, Inc.,
73 Saginaw Dr., Rochester, N. Y. 14623.

Circle 212 on Inquiry Card

PACKAGING SYSTEM

For pip’s and component cards.
. T e R 5
SO s,

Y,

kaging system is specifically for
DIP packages, and discrete packages mounted on plug-in
cards. Six styles of plug-in modules are: Style A, pc card
direct mounted; Style B, pc card with receptacles; C, plate-
mounted receptacles without covers but with two position
wire-wrap; D, same as C except with cover; E, same as D
but with three position wire-wrap; F, pc card with recep-
tacles, back-to-back.

Universal plug-in cards mount diodes, transistors, re-
sistors, and so forth. You can use them with component-
carrying boards, along with the standard carrier sticks.
The boards take components with lead space of 0.6 in. on
0.1 in. centers, or TO-5 type circular mounting patterns.
This Dual Inline Packaging System offers new bussing tech-
niques, multi-purpose hardware, and automated wiring.
Scanbe Mfg. Corp., 1161 Monterey Pass Rd., Monterey
Park, Calif. 91745. (213) 264-2300.

Circle 213 on Inquiry Card
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micro-pak

Short on size, but long on life. The dot on the “I" is a life-sized
picture of our newest transistor package, the Fairchild Micro-

Pak. Just 80mils on a side, our Micro-Pak is the only plastic PART PRICE PART PRICE
transistor in this size that passes rigid military reliability NUMBER (100-999) NUMBER (100-999)
tests. Plastic, but with all the reliability of a metal can. FX3299 1.60 FX2894A 3.00
The high degree of shock resistance inherent in its inert FX3300 2.00 FX4960 6.00
single-block construction makes it ideal for warhead fuzes FX3962 2.40 FX918 2.20
or missiles. Small, light and reliable, the Micro-Pak is the best FX3963 3.20 FX2483 2.00
way.to go for applications from.mis'siles to computers, sub- FX3964 3.20 FX2484 2.40
marines to satell_ltes. And anything |n-btheen. . FX3965 3.70 FX709 2.00
Listed on the right are 26 popular transistor types available 1.20
in the Micro-Pak. Electrical characteristics are similar to FXared A FaRIa 3
those of metal can equivalents. The transistors can operate FX3725 5.00 FX914 1.20
with junction temperatures up to 175°C and dissipate up to FX4046 3.00 FX2894 2.00
300mW doing it. Three radial ribbon leads make it easy Fx4047 4.00 FX4034 1.60
to incorporate into PC board layouts, hybrid modules and FX3013 5.00 FX4207 3.00
other high density configurations. Write for full specifications. FX3014 3.00 FX3502 3.00
Or, if you already know what you Ii—— FX2369A 1.30 FX3503 5.00
want, see your Fairchild distributor. w
He's got them in stock, in quantity. SEMICONDUCTOR

FAIRCHILD SEMICONDUCTOR / A Division of Fairchild Camera and Instrument Corporation m 313 Fairchild Drive, Mountain View, California 94040, (415) 962-5011 m TWX: 910-379-6435
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EE[ NEW MICROWORLD PRODUCTS

STANDARD PACKAGING SYSTEM

Accepts 14- and 16-pin DIPS and new MOS circuits.

With this packaging scheme, a module can have any
combination or arrangement of 14-, 16-, or 24-pin sockets
and transistor-discrete component receptacles. You may
use several interchangeable modules in multiple to achieve
a specific optimal configuration.

The chassis of the 2900/5800 series direct-entry DIP
packaging system are produced by numerically-controlled
equipment. This equipment is automatically programmed
by the alphanumeric part designator generated by the cus-
tomer to specify his configuration. The designator also
sets-up machine wire-wrap programming. Thus, even one-
of-a-kind modules can be built to your specs with no
design, engineering, or tooling charges. Also, the packages
can be wired on the company’s wire-wrap machine. In-
terdyne Co., Inc., 2217 Purdue Ave., Los Angeles, Calif.
90064. (213) 477-6051.

Circle 214 on Inquiry Card

ACTIVE FILTER

Package measures less than 0.2 in.3

An epoxy-encapsulated package contains an active
low-pass filter combined with a notch filter. This net-
work gives you 54 dB/octave roll-off near cut-off.

Type LPF-1100 operates between —30° and 70°C, and
has a supply voltage range of 10 to 15 Vdc. You can
have the device with cut-off frequencies up to 20 kHz.

The LPF-1100 costs $16 ea. in 100-pc. quantities.
Delivery is 60 days a.r.o. TRW Microelectronics Div.,
14520 Aviation Blvd., Lawndale, Calif. 90260.

Circle 215 on Inquiry Card
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DIP INSPECTION DEVICE
Speeds handling and testing.

Lightweight and portable, the Inspection Master 5000
handles pips as received in their shipping magazines. With
no electronics of its own, the 5000 works with your test
equipment.

Up to 12 magazines are held in a slanting board. The
pips feed by gravity onto saddle blocks. The operator
presses the hand tool onto the bottom pIP and carries it to
the test block, where spring-contacts connect the 1c to
pre-connected test circuits.

Indexing on the blocks is positive, with polarity indi-
cated. Leads are neither bent nor twisted. When the
operator finishes testing the pip, she returns it (still in the
hand tool) to the top of its magazine. Rejects can be
quickly set aside. $69.95 f.o.b. from G. D. Patrick
Enterprises, Box 23054, San Diego, Calif. 92123. (714)
279-8856.

Circle 216 on Inquiry Card

DUAL-INLINE PACKAGE

For 14-lead circuits.

This p1p housing for ics has a rugged, monolithic alu-
mina ceramic base. In addition, a 200-p. microinch gold-
clad heat spreader gives excellent die-attach properties.
The lead tips are coplanar for faster, more reliable lead
bonds. Sealing preforms and lids are available for this
TO-116 package, as is a 16-lead version. Mitronics, Inc.,
132 Floral Ave., Murray Hill, N. J. 07974. (201) 464-
3300.

Circle 217 on Inquiry Card

The Electronic Engineer « March 1969



[IEW
Mi-periormance

Sqare Cermel

Trimmers you get Characteristic C Mil-spec

performance for all military applications. All new
environmental characteristics are available . . . at lower cost .. ..
for commercial and industrial applications.

series 165 (style RJ24) and series 175 (style RJ22)

meet tough Characteristic C of Mil-R-22097C. These same
Both small %" -square series 165 and compact %" -square series 175 trimmers assure infinite
resolution over a 20 ohm to 2.5 megohm range . .. and power rating of %2 watt @ 85°C.
TC*150 ppm/°C for 2k ohms and above. —0 +175 ppm/°C from 50 ohms through
250 ohms and —0 +250 ppm/°C from 500 ohms through 1k ohm.
All available at no extra cost.
Low cost*, proven quality, and top performance—combined with
fast distributor delivery—make CTS your best industrial trimmer choice.
Can’t use one of our standard series? Ask how we can solve specific application
problems. Call or write for complete details to CTS of Berne, Inc., Berne, Indiana
46711. Phone (219) 589-3111.

Now ... with CTS Cermet Multi-Turn Square

*Check these prices for 4-6 week production delivery. (Small
quantities from stock)
Series 165 Series 175

Quantity 25-49 1000 25-49 1000
each) | (each) | (each) |[ (each)

Commercial (=20%Tol.)| $4.65 | -$3.25 $4.20 $2.95

MIL-type (=10%Tol.,,| 5.30 3.80 5.10 365
Char. C)

, CTS corporation

Elkhart, Indiana

Other CTS Cermet Trimmers include:

[ o [ i

Series 185 Series 190 Series 340 Series 360 Series 385 Series 660 Series 630
1-%" x .290" x .364" | %" x .160" x.310" |%"x %" square x .270"| /4" x ka" x 2%4" 1/4," round x .225" | %" round x %" high— | %" round x '¥4;" high-
multi-turn multi-turn high—single-turn single-turn high—single-turn single-turn single-turn
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You say you want a

low-profile snap-in-mount-
ing push button switch or
matching indicator that is
interchangeable with most
4-lamp displays...available
in a full range of cap colors
...with a choice of bezels
with or without barriers in
black, gray, dark gray or
white.

anda

legend presentation that’s
positive (like this one) or
negative (like the one below)
or just plain (like the one
above)...one that's white
when “off” and red, green,
yellow (amber), blue or light
yellow when ‘“‘on’...or
colored both “on" and “off."”

and a

highly reliable switch proven_
in thousands of installations
...available in momentary
or alternate action...N.O.,
N.C. or two circuit (one N.O.,
one N.C.)...that accommo-
dates a T-13% bulb with
midget flanged base, incan-
descent, in a range of volt-
ages from 6-28V,

elc.
elc.
ete.

Now, for the first time
Dialight gives you

custom panel designing
with a standard line of
push - button switches and
matching indicators

Dialight offers a broader range of switch and
indicator possibilities than you’ll find
anywhere in a standard single-lamp line.
Sizes: %" x 1”, %" square and round.
Send today for our new full-color catalog L-209.

DIALIGHT

Dialight Corporation, 60 Stewart Ave., Brooklyn, N.Y. 11237 DT-125
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EE| NEW LAB INSTRUMENTS

SWEEP-LOCK SYNCHRONIZERS
Phase-locks sweepers 30 MHz apart.

Models 243-T and 247 provide a wide dc error-voltage
swing for phase-locking two microwave or rf sweep
oscillators 30 MHz apart. The 40-V error-voltage swing
can drive most available sweeps through their entire
spectrum. The 30-MHz offset is the i-f of the two models
of the sweep-lock synchronizers. Each sweep oscillator is
fed to a mixer, producing the 30-MHz signal. Its stability is
better than 12 Hz deviation over a 150-MHz bandwidth,
and 300 Hz over a 20-kHz disturbance bandwidth. With
this i-f substitution method, you get increased speed and
efficiency in dynamic measurements of gain and attenua-
tion. You place the device under test at one input to the
mixer, and compare it to a standard placed in the i-f chan-
nel. A high-performance 30-MHz receiver and an oscillo-
scope can then display the device’s characteristics vs fre-
quency. Sage Labs., Inc., 3 Huron Dr., Natick, Mass. 01760.

Circle 299 on Inquiry Card

FOUR-DIGIT DVM

Five dc ranges with 0.01% readout accuracy.

This automatic-ranging digital voltmeter has a sample
rate of 10 samples/s, 10 pV sensitivity, with a readout
accuracy of 0.01% over its five dc ranges. The display
neither blinks nor has running numbers.

Model 4250A has 4-digit readout. It uses a tempera-
ture-stabilized pulsed oscillator-voltage to time conver-
sion system that maintains the instrument’s accuracy and
absolute display accuracy. The pvM measures from 99.99
mV to 999.9 V with automatic ranging and polarity in-
dication. It has a 20% overscale readout capability.

Front-panel controls adjust and hold the sample rate,
and calibrate and zero the instrument. The pvM also has
dual switchable inputs for instant A or B readouts, or
instant input-output comparisons.

Model 4250A costs $995 f.o.b. The Model 4250AP
(with printer output option) is $1090. Trymetrics Corp.,
204 Babylon Tpk., Roosevelt, N.Y. 11575. (516) 378-
2800.

Circle 300 on Inquiry Card
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POTENTIOMETER/NANOVOLT SOURCES

Have 0.2 nV-resolution.

SPECTRUM ANALYZER
Covers 0.1 Hz to 100 kHz.

These additions to the company’s line of low-priced
instruments offer very fine resolution-0.2 nV-with 0.05%
accuracy without the need for external auxiliary equip-
ment. You can use them either as nanovolt sources or as
potentiometers. Model NVS-503A covers 5 uV to 500
mV full-scale in six ranges. The NVS-1103A covers 11
uwV to 1.1 V full-scale, also in six ranges.

Completely self-contained, each model includes a solid-
state galvanometer, power supply, and working-current
source. The null-detector is removable for general-purpose
use. There is direct standardization against reference cells
with no auxiliary instruments, and a S5-digit concentric
control and readout dial gives 10-ppm potentiometer
linearity and resolution. Price is $625 for each unit. Julie
Research Labs., Inc., 211 W. 61st St.,, New York, N.Y.
10023.

Circle 301 on Inquiry Card

STANDING-WAVE DETECTOR
rom 10 to 2300 H.

Now available in kit form, the Model 2219K detector
measures VSWR and reflection angle coefficient with a
sensitivity of 5 mW (at 10 MHz). A great advantage of
the detector is that it eliminates coaxial slotted lines, which
are simply too cumbersome to work with at the lower
frequencies. The components of the 2219K can be config-
ured to cover three frequency bands. A formica carrying
case houses the detector, its accessories, and its adapters.
The adapters mate the 2219’s output connector—a GR900
—to all standard coaxial transmission lines. These include
BNC, C, N, TNC, OSM, SC, and APC-7. A standard
load termination and short come with the detector, and
mount on its base. In addition to its use in measuring
VSWR and impedance of coaxial components, the Model
2219K has application in the measurement of many
types of antennas. PRD Electronics, Inc., 1200 Prospect
Ave., Westbury, N.Y. 11590. (516) 334-7810.

Circle 302 on Inquiry Card
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This instrument contains all of the basic elements for
real-time spectral analysis of complex waveforms. Each
Model 814 unit has ten filter-channels. You can connect
together as many units as you wish (by means of plug-in
cables) to cover all or part of the spectrum, in 1-, Y2-,
1/3-, or 1/6-octave contiguous or separated segments.
Also, all channels can operate in parallel for simultaneous
and continuous analysis. You can combine the Model 814
analyzer with the company’s Model 844 data scanner/
monitor display unit. This gives you sequential sampling,
display, and recording of each channel. Each 10-channel
unit is housed in a 3.5 in. high x 19 in. wide x 14.5 in.
deep cabinet. The instrument weighs about 20 Ib., and
draws only 10 W. Narrow-band-filter sets to 1/30-octave
are available on special order. Tracor, Inc., 6500 Tracor
Lane, Austin, Tex. 78721.
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Silicone Rubber Sleeving

Space-saving thin wall construction and precision ID dimen-
sions make Varglas Silicone Rubber Sleevings the best answer
for miniaturization. Highly flexible with dielectric strength up
to 8, 000 volts, Varglds resists deterioration, cracking, crazing,
and ‘“cut through in temperature from minus 70° to plus
400° F. Meets government specification MIL-I-18057A.

A complete range of sizes from .010” to 3” ID, in brilliant,
non-fading colors for instant coding identification. Comes in
coils, spools or 36” lengths for off-the-shelf delivery. Of course,
Varflex engineers are always ready to work with you at any
time to develop the special sleevings and tubings you need for
your applications. No obligation or charge for lhlS cooperation.

® Write for free folder containing test samples

a “Never satisfied until you are

VARFLEX SALES CO., INC. L] 308 N. Jay Street, Rome, N. Y.
Circle 51 on Inquiry Card

excluswe; oSAGE
SMOO™ * esign

STA-STRAP. CABLE TIES

W Strap passes through head
easily. No tugging.

B Protects workers’ fingers
against abrasion.

M Reduces fatigue.

M Increases installation speed.

M All nylon. Six sizes for
bundle diameters 0 to 8.

Ask for Free Samples and
Compare With Your Present Harnessing Method.

P ouT:....

Tinley Park, 1ll. 60477 e Phone: 312——5321800 e Telex 25-4560

FROM THE MANUFACTURERS OF .. %
PANDUCT® PLASTIC WIRING DUCT

VISIT PANDUIT AT IEEE BOOTH 1C12-1C14
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EE] NEW LAB INSTRUMENTS

OSCILLOSCOPES

Can be used with more than 25 plug-ins.

The all solid-state 561B Oscilloscope, Type 564B Stor-
age Oscilloscope, and Type 564B Storage Oscilloscope with
automatic erase feature large screen 8 x 10 cm cathode-
ray tubes, new 1%2% amplitude and 1% time calibrator,
and reliable operation with low-heat dissipation through
the use of solid-state components. Amplifier plug-ins in-
clude multitrace, differential, sampling and spectrum ana-
lyzer plug-ins plus special purpose units. The Type 561B
offers conventional measurement capabilities with an 8 x 10
cm display. The Type 564B Storage Oscilloscope has the
added advantage of split-screen storage. The 564B features
the same screen and a storage writing speed of up to 500
cm/ms. Recommended storage time is 1 hr. or less. Prices:
561B is $560; 564B is $980; 564B with automatic erase is
$1125. Tektronix, Inc., P. O. Box 500, Beaverton, Oregon
97005. (503) 644-0161.

Circle 279 on Inquiry Card

LINEAR IC TESTER
With percentage-of-limit display.

Model 1410 is primarily an op amp tester for pre-
production testing: it is automatic and simple to program
and operate. Its three modes of operation tell the operator
what tests are programmed for pass/fail indication,
whether a unit passed or failed, and how well that unit
passed or failed as a percentage relative to the program-
med limit for that test.

The tester automatically performs 14 dc and dynamic
tests to better than 1% accuracy. Slew-rate tests are in-
cluded. Each test can be independently programmed into
the final pass/fail indicator. A single plug-in board with
a Barnes test socket accomplishes complete programming.
The basic 1410 test system is under $7000; delivery is
60 days a.r.o. Pre-wired program board prices vary with
the device. Signetics Corp., 811 E. Arques Ave., Sunny-
vale, Calif. 94086.

Circle 280 on Inquiry Card
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Booth numbers at the end of product descriptions on this and the following pages
refer to the IEEE show, where these instruments will be shown for the first time.

SYNTHESIZER/SIGNAL SOURCE

Three instruments in one.

The RF-808 frequency synthesizer
is also a sweeper and standard signal
generator. From 0.05 to 80 MHz in
1 kHz steps, with vernier readable in
Hz. Manual or auto. sweep; a-m, fm,
or pulse modulation. Output into 50
Q: 0.1 pV to 10 Vrms, auto. leveled.
Everything remotely programmable.
$2980. RF Communications. Booth
2C01.

Circle 281 on Inquiry Card

SERVO RECORDER
Portable, battery-operated.

INDICATING LEVEL CONTROL

For control, testing, and monitoring.

The Ultimeter has a 1% linear me-
ter movement and a 0.5% linear pot,
both calibrated to the meter scale. Set
pointers operate the pot contact wip-
ers. User’s circuitry (IC op amps,
Schmitt triggers, etc.) triggers a con-
trol action whenever signal level
equals set-point value, even if meter
movement fails. API Instruments.
Booth 2G34.

Circle 283 on Inquiry Card

70-MHz COUNTER

Can totalize to 10® counts.

This recorder operates on recharg-
able NiCad batteries for 20 h, on or-
dinary 1.5-V D-cells for 8 h, or on
ac. It weighs 15 1b., is 12.5 in. wide,
9.5 in. high, and 6.5 in. deep. There
is a 12-speed chart-drive and a sliding
bobbin that carries the slide wire
wiper. The rotary servo-motor is very
simple, with only two pulleys. Pen
response is 0.5 s full-scale. Model
T171B Port-A-Graph has 2 mV full-
scale sensitivity, with 14 positions on
the voltage-scale switches. There are
adjustable controls for gain, damping,
and calibration. A linear, high turn
density feedback pot provides good
resolution. Power input is 2.8 VA.
$750. Esterline-Angus, Box 24000,
Indianapolis, Ind. 46224,

Circle 282 on Inquiry Card

The Electronic Engineer + March 1969

Part of the maker’s 1500 Series of
counter/timer instruments, the Model
1515A runs from dc to 70 MHz, and
can totalize to 10% counts. Frequency
ratio is 10® to 108, and sensitivity is
100 mV. The crystal aging rate is one
part in 107 per day; one in 108, three
in 10% or one in 10? are available as
options. An internal time base output
scaled from 0.1 Hz to 10 MHz in
decade steps is brought out to the
rear panel. You can also supply, ex-
ternally, a sine-wave time base from
100 Hz to more than 10 MHz. Six
digit readout is standard; 7- and
8-digit readouts are available. BCD
output is optional. $1695. Monsanto
Electronic Instruments, 620 Passaic
Ave., West Caldwell, N. J. 07006.

Circle 284 on Inquiry Card

Color TV Exposure
« Photo Copying -
Image Projection -
Photo-Resist Sys-
tems + Photoflood
Systems + Spectro-
fluorometers - Mis-
sile Flares « Optical
Ranging + Strobo-
scopes * Photoflood
Lamps

XENON FLASH AND
STROBE LAMP — 8
T0 18,000 JOULES -
LAMPHOUSING — 35T0 350
WATTS - MERCURY SHORT ARC
LAMPS — 100 TO 500 WATTS,

2,000 TO 30,000 LUMENS -
POWER SUPPLIES — 35 TO 500
WATTS, 50 OR 60 CYCLE,
117 T0 220 VOLTS - XENON
SHORT ARC LAMP — 35
T0 300 WATTS, 600
10 7,500 LUMENS

Metallographs « Op-
tical Reader - Color
Matching - Optical
Bench Accessory *
Slit llluminators -
Schlieren Systems -
Hologram Illumina-
tors - Step&Repeat
Printing Systems

Where the resource is
LIGHT
and the product is
IMAGINATION!

For information write to:
ILLUMINATION INDUSTRIES

INCORPORATED 610 VAQUEROS
SUNNYVALE, CALIFORNIA 94086

(408) 738-2744
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PEAK READING AMPLIFIERS
Models for rigid & flexible cable.

OSCILLATOR PLUG-IN

Sweep range is =21 MHz max.

Add peak power measurements to
your Thruline average rf power me-
ter. Models 4320, 4321 sense peak rf,
deliver dc to meter. Pulse widths down
to 0.4 ys at rep-rates of 30 pps or
higher give 0.89% o.f.s. accuracy.
$365. Bird Electronic Corp. Booths
2E40-42.

Circle 285 on Inquiry Card

Model 5008-1 plugs into company’s
Model 5000 sweeper, covers 100-500
MHz with fundamental-frequency os-
cillator. Has 0-20 mW output, with
calibrated power dial; is internally
leveled to 0.2 dB. Harmonics, 27 dB
down; non-harmonics, 60 dB down.
$1390. Kruse-Storke. Booth 2K29.

Circle 286 on Inquiry Card

NOW...have full use of
All Power Supplies with

STANDARD RECEPTACLES and PLUGS

“Patch cord’” distribution offers many advantages over the use of
expensive, permanently installed switchgear. Only patch cord dis-
tribution permits full utilization of all power supplies at any and all
points of use . .. quickly, conveniently, safely.

Request catalog No. 238 for complete data.

SOCKET RECEPTACLE and PIN PLUG

PIN RECEPTACLE and SOCKET PLUG

STANDARD ELECTRIC
TIME CORP.

89 LOGAN STREET, SPRINGFIELD, MASSACHUSETTS 01101

This cut-away shows construction of
Socket Receptacle and how face-cap
" provides a guide for Pin Plug. Socket
“ Receptacles are recommended for
line side of circuits.

Socket Plug is insulated over end of
conductor to prevent accidental con-
tact with panel or personnel if plug is
pulled while under load. Pin Re-
ceptacles are used for the load side
of circuits.
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ELECTRONIC GALVANOMETER

Also a differential voltmeter.

The GVM30 is a small lab meter
that measures dc currents from 30
pA (f.s.) to 300 pA; voltages, 1 mV
to 300 V; resistances, 1 kQ to 300
MQ. Both inputs are floating. The
unit runs off of six type-C batteries,
and has a recorder output. The Lon-
don Co. Booth 2H26.
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DC VOLTAGE CALIBRATOR
With nullmeter.

Combining a dc calibrator with a
passive null indicator gives you an in-
strument that measures unknown volt-
ages by differential comparisons.
Mounted in a standard 19-in. rack en-
closure, the unit features a null indi-
cator with shaped pole-piece meter,
high center-scale sensitivity, and dual
sensitivity switches to avoid meter
overload. Model 324AN has sensitivi-
ties of 300 p.V/mm in the high range,
12 mV/mm in the medium range,
and 500 mV/mm in the low range.
The voltage calibrator can run inde-
pendent of the nullmeter, and gives
voltages from 0 to 1100 V. Accuracy
is better than 0.001%; stability is
within 30 ppm/24 h, 50 ppm/30
days. $1150. Cohu Electronics, Inc.,
Box 623, San Diego, Calif. 92112.
(714) 277-6700.

Circle 298 on Inquiry Card
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Let us throw you a curve

If you've problems with
LC circuits, Magnetics’
new Iso-Q contour curves
speed ferrite pot core
selection.

No more squinting at tangles of
curves on log paper to find the
ferrite pot core size you need.
Magnetics’ new Iso-Q contour
curves let you zero in on your target
size in seconds. We've plotted over
100 of these time-savers to handle
more than 909, of normal design

Tape, Powder, Bobbin, Ferrite Cores « Laminations » Photo-etched Parts « Specialty Metals « Engineered Control Systems

The Electronic Engineer + March 1969

requirements. They’re all contained
in our new Ferrite Cores Catalog,
first of its kind in the industry.

Magnetics’ high purity ferrites

cover frequencies up to 2 megahertz.

Linear temperature coefficients

on 750, 1400 and 2000 permeability
materials are guaranteed from
—30° to +70°C. Flat temperature
coefficient on 2300 perm material is
guaranteed from +20° to +70°C.
Magnetics’ wide selection of ferrites
comprises eight international stand-
ard sizes and five additional sizes—
175 part numbers for design
freedom. We can give you quick

delivery from our large inventory
that includes both gapped and un-
gapped cores in your most asked-for
sizes. Of course, we provide
one-piece clamping hardware for
most sizes. Finally, we offer you a
complete choice of tuning assem-
blies, bobbins and shapes—toroid,
E, U and I.

Get your set of our
new Iso-Q Curves.
You'll like their
curvilinearity.
Magnetics Inc.,
Butler, Pa. 16001

LT DO i T

MAGNETILS inc.
'y
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CERAMIC
CAPACITORS

ARE

000000060
BY ALL!

CKO5 10 .1MmF
CKO6 10 1.0 ™mF.

CK12 10 .01MmF
CK13 T10 .047 mr.
CK14 710 .27 mr
CK15 710 1.0 mr.

CK16 10 3.3 MmF.
MU-CAPS®
NARROW-CAPS
SLIM-CAPS*
THINLINE
TUBULAR
STAND-OFFS
HI-PuFS
MONOLITHIC
CAPACITOR
CHIPS

REPUBLIC ELECTRONICS CORP.
176 E. 7th St. PATERSON, N. ). 07524

201 - 279-0300 TWX 710-988-5908
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[EE| NEW LAB INSTRUMENTS

SIGNAL GENERATOR
Direct reading fine frequency control.

AF DIGITAL WATTMETER
Converter drives DVM, potentiometer.

For testing all types of fm receivers,
Model 2006 covers a total range of
4 to 1000 MHz with plug-in oscilla-
tors. Crystal calibrator with visual
indication of zero-beat; counter output
of 100 mV/50 Q to 600 MHz, 50 mV
to 1000 MHz. FM noise less than 40
Hz flat (12 Hz FIA); microphony
less than 12 kHz at 0.5 g acceleration.
Output variable from 0.1 pV to 100
mV/50 Q. Marconi. Booths 2D02-08.
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AUDIO SWEEPER MODULE

A plug-in control.

This output module is a solid-state
plug-in for the manufacturer’s Model
2003 sweep/signal generator. The
2003 operates in the sub-audio, audio,
and ultrasonic range, dc to 200 kHz.
The new module, Model 3440, con-
trols the 2003’s output signal. A series
of toggle switches on the 3440 lets
you select up to 102 dB of attenua-
tion, in 1-dB steps. There is also a po-
tentiometer that gives you three dB
more. Output impedance of the Model
3440 is switch-selectable to 4, 8, 16,

50, or 600 Q. Output levels for these

values are, respectively, 0.5, 1.1, 5,
7, and 3.5 V. An auxiliary output
gives you 2 to 11 V p-p across 1 MQ.
Telonic Instruments, 60 N. First Ave.,
Beech Grove, Ind. 46107.
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Type 2885 changes input watts to
output dc volts. Linearity is +0.02%,
dc to 2 kHz; 0.1% to 10 kHz. Cir-
cuit procedure allows use with power
factors from unity to zero, with less
than 0.02% degradation. A 150-V,
5-A input for 1-V out is standard;
other ranges are available. Output to
be fed to 5- or 6-digit pvM, or dc
potentiometer. From $1500. Hallmark
Standards. Booths 2E07-09.
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VOLT/OHM METER
Accurate to 0.1% of reading.

This instrument is the company’s
first entry in the digital voltmeter
market, and offers a packaging con-
cept quite different from its other
lines. The Model 9000 is housed in
an ABS resin case on a removable
pedestal. You can panel mount the
unit (without its pedestal), use it on
your bench. or mount it high over
you, pointing down. A quick-response
input amplifier eliminates hunting, and
enables the DVM to track varying in-
puts. Dual slope integration gives 80-
dB noise rejection with an accuracy
of 0.1% of reading on both dc and
ohms, and a speed to 6 samples/s.
$395 f.o.b. factory. Systron-Donner
Corp.. 888 Galindo St., Concord,
Cn 94520. (415) 682-61G"

Circle 221 on Inquiry Card
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For a true record
of temperature
in service.

Tempfilabel

Fasy to use . . .
T plabelo TEMPIL mn

=
v

‘vs'n NCBOwYw

BEFORE

Easy to read

Self-adhesive Tempilabels® as-
sure dependable monitoring of
attained temperatures. Heat-sen-
sitive incicators, sealed under the
little round windows, turn black
and provide a permanent record
of the temperature history.
Tempilabel® can be removed
easily to document a report.

Tempilabel®

TE
£

*
@
2
2

:

.
>

AVAILABLE

Within the range 100° to 500°F Tempi-
labels® are available to indicate a
single temperature rating each — and
also in a wide choice of four-temper-
ature combinations per Tempilabel®.

JUST A FEW OF
THE TYPICAL APPLICATIONS

» Electrical Apparatus
» Electronic Assemblies
* Appliance Warranties
» Aircraft and Rockets
* Machinery and Equipment
+ Storage and Transportation of
Heat Sensitive Materials.
For descriptive literature and a sample

Tempiiabel® for evaluation ... (please
state temperature range of interest).

VISIT US AT THE IEEE SHOW
BOOTHS 1E31 AND 1E33

x&?ER‘*rb
oL
o & éi
g empt
Q
W & DIVISION OF
L ¢" BIG THREE INDUSTRIAL

Yo pno®®  GAS & EQUIPMENT CO

132 WEST 22nd St., NEW YORK, N.Y. 10011
Phone: 212+ 675-6610 TWX: 212 « 640-5478

Circle 57 on Inquiry Card

NEW LAB INSTRUMENTS

DIGITAL PLUG-INS
Line now includes ten types.

Here are five more plug-ins for the
DMS 3200 digital measuring system.
The DP 110 and DP 130 measure,
respectively, dc and ac microvolts to
kilovolts. The D 310, when used with
the DP 110, measures nanoamperes
to amperes. The DP 160 is an 80-MHz
frequency counter, and the DP 210
shows interval/period from 10 ps to
999 s. Hickok Electrical Instr. Booths
2C18-20, 2C25-27.

Circle 292 on Inquiry Card

DIGITAL FREQUENCY METER
Covers dc to 220 MHz.

Designed for most measurement ap-
plications in communications and
other frequency monitoring indus-
tries, Model 6397 gives you simple
and accurate, direct frequency meas-
urement. Typical uses for the 220-
MHz counter include calibration of
communications equipment, digital
monitoring of am and fm radio and
TV transmitter carrier frequencies,
monitoring of local oscillator drift,
and so forth. Model 6397 has an auto-
matically-positioned decimal point, a
1-ms to 1-s gate time, and a 50-Q
input impedance. Modular design per-
mits future expansion of capabilities.
$1900. Technical Information Sec-
tion, Electronic Instruments Div.,
Beckman Instruments, Inc., 2200
Wright Ave., Richmond, Calif. 94804.

Circle 293 on Inquiry Card

unique combi natlon
of top crystal
technology and
state-of-the-art
oscillator design
capability

When you need precision crystals
or crystal oscillators you can count
on BLILEY expertise backed by

38 years of experience in
frequency control.

Crystal

Controlled Oscillators
Temperature
Compensated
Crystal Oscillators
Voltage Controlled
Crystal Oscillators

Call or-write us today with your
specification requirements.

..., [
BLILEY ELECTRIC COMPANY

2545 West Grandview Boulevard
Erie, Pennsylvania 16512

Circle 58 on Inquiry Card



Why you cannot
afford to miss
the 1969
Hanover Fair

Every five years man’s
knowledge doubles!
Technology progresses even
faster. Also in your speciality.
That is why you cannot afford
to miss the 1969 Hanover Fair!
You'll be left behind!

You must visit!

Saturday, April 26

— Sunday, May 4
Marketplace of the
World's Industries

For information, room reservation
forms and admission tickets:

GERMAN AMERICAN
CHAMBER OF COMMERCE

566 Fifth Avenue, New York, (212) 582-7788
77 E. Monroe Street, Chicago (312) 782-8557

Circle 59 on Inquiry Card

[EE| NEW LAB INSTRUMENTS

IMPEDANCE COMPARATOR

Useful for automatic go/no-go tests.

Type 1654 impedance comparator
indicates the difference, in both mag-
nitude and phase, between two ex-
ternal impedances. The two im-
pedances are usually a standard and
an unknown. The instrument provides
0.003% impedance difference resolu-
tion. General Radio. Booths 2E26-36.

Circle 294 on Inquiry Card

FREQUENCY CALIBRATOR
100 kHz to 500 MHz spectrum.

With a fast warm-up, high-stability
oscillator as the source, this frequency
calibrator generates a spectrum of pre-
cise frequencies selected by the posi-
tion of the channel switch. This

spectrum includes all assigned fre-.

quencies within the band selected by
the channel switch. In use, the source
frequency beats against the spectrum
of frequencies, producing a zero-beat
with the correct frequency when prop-
erly adjusted. Model S1315A is ac-
curate to 0.00001% in three minutes;
daily drift rate 1is better than
0.000002% . Weight is 7 Ib.; battery
or optional ac operation. Frequencies
generated cover aircraft and mobile
bands. Motorola Communications and
Electronics, Inc., 1301 Algonquin
Rd., Schaumberg, Ill. 60172.
Circle 295 on Inquiry Card

PROGRAMMABLE SWEEPER
Quick head changing.

ey
This microwave sweep system con-
sists of the Model 650 sweeper, any
combination of up to ten 650 series
plug-in oscillators (250 MHz-40
GHz), the 9510 push-button control,
and the 9511 plug-in container unit.
Alfred Electronics. Booths 2C12 and
2C14.
Circle 296 on Inquiry Card

DATA GENERATOR
Internal clock rate to 75 MHz.

.0 w0 ©

fo Sl el )

Features of this Model 212 data
generator are an internal clock rate
to 75 MHz and rise/fall times of
1.3 ns. Data length is 16 bits, but may
be extended. Panel push-buttons set
continuous, command, or manual re-
cycle modes, as well as the data con-
tent of each bit. Simultaneous =5 V
outputs are provided: NRZ with 5 V
for positive TRUE, and —5 V for nega-
tive TRUE. Independent dc offset is
variable from 2 to —2 V. The base-
line can be positioned at ground by a
panel switch. Normal/complementary
output functions are also selectable
from the panel. Model 212 sells for
$2715. Datapulse Div., Systron-Don-
ner Corp., 10150 W. Jefferson Blvd.,
Culver City, Calif. 90230. (213) 836-
6100.

Circle 297 on Inquiry Card

The Electronic Engineer « March 1969



£E] NEW PRODUCTS

DATA SETS

Connect directly to telephone line.

These data transmission sets will
directly substitute for present leased
models. They are also compatible and

will transmit into other manufac-
turers’ sets. Series 2056 data sets are
two and three state (suited to return
to zero operation). They operate at
bit rates of 60, 85, 110, 150, 300,
600, 1200, and 1800. Digital inter-
faces may be either positive neutral,
negative neutral, or polar (EIA/RS-

1000 ns DELAY

High density, lumped constant device.

CORE MEMORY SYSTEM

Access time is 450 ns.

It is 1.90 x 5.10 x 0.030 in. in size.
The new series, at 200 £ impedance,
is designed with cut-off frequency at
65 MHz and displays low attenuation
and minimum distortion. Operating
temp. range is —55° to +125°. The
component is terminated with gold-
plated pins and is encapsulated with
epoxy in a diallyl phthalate housing. It
incorporates stand-off feet to permit

The ComRac 200 memory has a |
us full cycle time with bit capacities
up to 8k x 36 or 4k x 72 in and 8% in.
high, 19-in. rack mount chassis. The
memory has front panel access to the
functional plug-in boards. It uses 3D
selection, fast switching, 20-mil cores,
and 1cs to achieve high speed, reliabil-
ity, and density. Operating modes are
read/restore, clear/write, buffer read,

232B). Prices start at $350 with de-

livery from 4 to 5 wks. Robert Cop- ery is about

poletta, RFL Industries, Inc., Boonton,

N.J. 07005. (201) 334-3100. Ave
Circle 218 on Inquiry Card

after the soldering operation.
3 weeks.
Components Co., 2134 W. Rosecrans
., Gardena, Calif. 90249.

Circle 219 on Inquiry Card

flush cleaning of solder flux residues and buffer write. Operating temp. is
Deliv- 0° to 50°C. Trevor Hendershot, Sales
Engineered Mgr.. Information Control Corp.,
1320 E. Franklin Ave., El Segundo,
Calif. 90245. (213) 322-6930.

Circle 220 on Inquiry Card

The thinner the better...

ULTRA-THIN Panelyte
Copper Clad brlngs greater uniformity, versatility
and reliability to modular printed circuitry.

It makes ‘‘cents'’ to specify Panelyte's high quality pre-preg
and copper-clad laminates for multi-layer circuit applications.
Their reliability in protecting those high cost components used
in the finished assembly can mean dollar savings for you.
Panelyte's pre-preg (Grade 161 EP) and ultra-thin copper-
clad laminates (Grade 161 EL) offer something extra in reli-
ability and processing ease. They provide customized ‘‘Resin
Flow' and “‘Gel Time'' properties for the really tough job. Next

time, use Panelyte Ultra-Thin Copper L
Clad. It's money in the bank—for you. Thiokol
PANELYTE

For full information, contact Thiokol

Panelyte Industrial Division. North \ ' NP U s TR AL
Enterprise Avenue, Trenton, N.J.
08604. (609) EX 2-2181.

Circle 30 on Inquiry Card

Now

For The

First Time | You can completely design,
layout, construct and test
your most intricate new
circuitry with the dynamic

elite 1

..acompact, self-contained,
general-purpose Electronic
Testing Laboratory for $g5(_.°°

0
. EL Instruments Incorporated
61 First Street, Derby, Connecticut 06418 Telephohe 203-735-8774

Circle 31 on Inquiry Card 121




We're grOWiﬁg_ coses

and at the same time improving our quick-reaction capabilities to
better serve your program requirements.

Our Electronics Division will design or build your circuit and
wiring assemblies, structures and system packages for space vehicles,
satellites, missiles, aircraft and ground applications.

We offer modules based on Navy standard hardware concepts,
logic sticks and a variety of soldered or welded interconnect techni-
ques. Why design artwork and wait for multilayer boards? Let us
show you our unique, quick turn-around method of thru-insulation
welding for back-wiring IC, LSI, MSI and discrete planar assemblies.
Provides interconnect repositioning flexibility. Logic diagrams to
complete units in three weeks.

Circuit Subassemblies

System Packages

For more information or immediate assistance,
contact . . . Marketing Manager, The SIPPICAN Corporation,
Marion, Massachusetts 02738 Tel 617 748-1160

SIPPICAN

122 Circle 61 on Inquiry Card

[EE| NEW PRODUCTS

PARAMETRIC AMPLIFIER

Good low noise characteristics.

S-band paramp is built in hybrid
microwave Ic (Mic) format. Com-
ponents are a ferrite junction circu-
lator, input matching networks, a
high cutoff freq. varactor diode, pump
and idle freq. filter, and an avalanche
diode oscillator pump source. Ameri-
can Electronic Laboratories, Inc., Col-
mar, Pa. Booths 3K21-22.

Circle 221 on Inquiry Card

RFI/EMC SYSTEM

It’s computer-controlled.

This system for RFI/EMC testing
and spectrum monitoring is fully pro-
grammable. It consists of the Fair-
child Spectrum Surveillance System
Model FSS-250, interfaced with a
Hewlett-Packard Model 2116B com-
puter. It covers the freq. range of 20
Hz to 1000 MHz. Fairchild Electro-
Metrics Corp., 88 Church St., Am-
sterdam, N.Y. 12011. (518) 843-
2600. Booths 2D03-05.

Circle 222 on Inquiry Card

MONOPULSE FEED

Five-element array.

Model 70 is an array of broadband,
dual-polarized, cavity-sleeve radiators.
Each radiating element operates over
the 1435 to 2300 MHz band. The feed
has a circular symetric radiation
characteristic with 6 dB beamwidths
of about 127° at L-Band and about
90° at S-Band. Scientific-Atlanta, Inc.,
Box 13654, Atlanta, Ga. 30324,
Circle 223 on Inquiry Card
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EPOXY MOLDING POWDER

Has low shrinkage.
K =

»®
Lomeng

Eccomold 23T in its molded form is
machinable and has essentially the
same dimensions as the mold. Molding
temp. is in the 275° to 324°F range
with molding pressure adjustable
from 150 to 1000 psi. Shrinkage from
the mold dimensions is 0.004 in./in.
Emerson & Cuming, Inc., Canton,
Mass. 02021.

Circle 224 on Inquiry Card

PIN DIODE ATTENUATOR

Features built-in driver.

Model N172AL attenuator/ modu-
lator uses a driver module with a log

transfer function which lets the attenu-
ation level be controlled with a single
dc voltage at a 10dB/V rate. It oper- W

ates from 0.05 to 8 GHz, with a dy-
namic atten. range in the matched
mode approximating 35 dB. General
Microwave Corp., 155 Marine St.,

Farmingdale, N.Y. 11735. (516) 694- Measure Peak Envelope Power (PEP) of pulse and amplitude
3600. modulated RF signals with the NEW RF Standard THRULINE®
Circle 225 on Inquiry Card Peak Wattmeter by BIRD.

The self-contained model 4345 for Standards Lab or Production
LASER SYSTEM Line reads forward or reflected power ( to 5kW peak ) with un-
Peak power out is 300 MW. matched accuracy (*+'4dB of reading), easily (no other equip-
: ment needed), and quickly (instantaneous indication).
This precision wattmeter measures pulses as narrow as 0.4 usec
(straight through CW) from 30 pps up. Model 4345 was designed
for air navigational aids (TACAN, DME, ATC) from 950-1300
MHz (max. VSWR 1.08). Your suggestions for THRULINE Peak
Wattmeters covering additional ranges are welcome.
For more information, circle on Reader Service Card Number 110
‘‘See us at IEEE Booths 2E40-42"'

PRQ-1 laser uses either ruby or
neodymium glass rods. Capable of 10
to 15 ns and subnanosecond Q-switch-

ing, it has an energy output of 1.8 to 3 FREE For 60-page Catalog of Quality Instruments

joules with a pulse rate of 1 to 2 or for RF Power Measurement, Circle 111

up to 120 ppm. The laser has a 2 to 3 /
milliradian beam divergence. Raytheon '
Co., 190 Willow St., Waltham, Mass. ELECTRONIC CORPORATION
02154. :

Circle 226 on Inquiry Card Cleveland (Solon) Ohio 44139 +« 30303 Aurora Road

Ph. 216-248-1200+TWX 216-248-6458 « Cable BIRDELEC
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invaluable

NEW 5TH EDITION
OF THE WORLD-FAMOUS

Reference Data for
Radio Engineers

Now contains 50% MORE DATA to
include major information developed
over the past 12 years. Prepared by
an outstanding group of practicing en-
gineers, professors, and industry and
government experts, under the direc-
tion of the International Telephone
and Telegraph Corporation staff.

OVER 160,000 COPIES SOLD
IN THE FOURTH EDITION

The new FIFTH EDITION of this widely
used reference work has been com-
pletely revised and updated. It pro-
vides in a single volume comprehen-
sive dataon all basic phases of
electronics, including tables, formu-
las, standards, and circuit information
—PLUS—all-new data on microminia-
ture electronics, space communica-
tions, navigation aids, reliability and
life testing, international telecom-
munication recommendations, switch-
ing networks and traffic concepts, and
quantum electronics. 45 data-packed
chapters provide invaluable informa-
tion for practicing radio and elec-
tronics engineers. Includes over 1300
charts, nomographs, diagrams, tables,
and illustrations. 1155 pages, plus
41-page index.

r-10-Day Free Examination

Howard W. Sams & Co., Inc. Dept. EG-3
A Subsidiary of International Telephone and Telegraph Corp.
4300 W. 62nd St., Indianapolis, Ind. 46268

Send me REFERENCE DATA FOR RADIO
ENGINEERS for 10-day examination, without
cost or obligation.

I If | decide to keep the volume, | will send:
| O $20.00 (plus postage), or [0 $7.00 (plus
postage) in 10 days, and $6.50 per month for
l 2 months. Otherwise, | will return the book
| postpaid within 10 days.

[0 $20 payment enclosed. Send my copy
l postpaid with full 10-day return privilege. (In-
I clude sales tax where applicable.)

Name

Company

Address

Circle 62 on Inquiry Card

EE| NEW PRODUCTS

LATCHING RELAY
Only 0.430 x 0.400 x 0.330 in.

Model 3102 magnetic latching re-
lay has a 1-A, DPDT contact rating,
a 0.1-in. pin spacing, a latch/reset
sens. of 160 mW, and an operating
temp. range of —65° to +125°C.
Relays can be placed side by side
without magnetic interference between
units. Contact res. is 50 m{) max.
Bourns Inc., Trimpot Products Div.,
1200 Columbia Ave., Riverside, Calif.
92507. (714) 684-1700.

Circle 227 on Inquiry Card

CERAMIC GOLD PASTE
For thick-film production.

ESL #8831 paste has good conduc-
tivity and low resistivity for fine line
printing and chip bonding. It accepts
most bonding methods (except tin-
lead solder) including binary gold al-
loy solders, thermal compression bond-
ing, parallel-gap welding, and ultra-
sonic bonding. Electro-Science Labs,
Inc., 1133 Arch St., Philadelphia, Pa.
19107. Booth 1-F-24.

Circle 228 on Inquiry Card

MINIATURE HYBRIDS

Have high isolation
oo )

+

Type 3024 miniature hybrids cover
the range of 125 MHz to 4 GHz in
octave bands. They are lightweight,
rugged, and have minimum 30-dB
isolation and equal power split (mag-
nitude and phase). Alford® Mfg. Co.,
120 Cross St., Winchester, Mass.
01890.

Circle 229 on Inquiry Card

POWER SUPPLY

With storage battery source.

&.f P
Rugged supply is for mobile test
instrumentation and circuits requiring
28 Vdc.
Input: 10.5 to 15.5 Vdec.
Output: 28 Vdc =+ 1V line/load.
Power: 350 W cont., 400 W, 30 s.
Ripple: 10 mV rms max.
Spikes: 100 mV max. pk-pk.
Temp.: —20° to 130°F.
Polyphase Instrument Co., Bridgeport,
Pa. 19405. Booth 4E08.
Circle 230 on Inquiry Card

POWER AMPLIFIER

For communications systems.

S230 microwave transistor ampli-
fier functions as a transmitter. When
it’s factory tuned to any freq. between
1850 to 2000 MHz, 2-W output can
be obtained at room temp. For field
tunable applications a 1.6-W output is
possible over the 1850- to 1990-MHz
range. RCA/Electronic Components,
1000 S. Second St., Harrison, N. J.
07029.

Circle 231 on Inquiry Card

PRECISION PCT

Has 42-turn operation.

Series 241H multiturn pot is Y4 in.
in dia. and 1% in. long. It is panel
mounted with a 8-in. dia. shaft for
knob operation. Setability is high with
42-turn operation. Available from 10
Q to 100 kQ +5% std. tol. Nu Tron
Electronics Co., 790 Hemmeter Lane.
Mountain View, Calif. 94040.

Circle 232 on Inquiry Card
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AGC AMPLIFIER
Has a 60-dB AGC range.

general-purpose audio and instrumen-
tation amplifier produces a 0.5-V rms
output into a 600-Q load from inputs
of 25 uV to 25 mV within 0.5-dB
accuracy. An attenuator switch ex-
tends the dynamic range to 25 V rms
at the input. Attack time is 20 ms and
recovery time 200 ms. Roveti Instru-
ments, Annapolis, Md. 21401. Booth
2H35,
Circle 233 on Inquiry Card

RF POWER TRANSISTOR

Avoids “second breakdowns”.

New

transistor prevents costly
secondary breakdowns in an operat-
ing voltage range to 30 V. MSA 8505
has a “Maximum Safe Area” built
into it by means of discrete emitters
with thin film nickel-chromium sta-
bilizing resistors. It operates at 400
MHz with a 5.6-dB power gain. Fair-
child Semiconductor, 313 Fairchild
Dr., Mountain View, Calif. 94040.
Circle 234 on Inquiry Card

LAMP SOCKETS

Front of panel relamping.

“Tini-telephone” lamp Jax accept
industry std. T-1 34 bi-pin lamps.
Jack features a molded one-piece hous-
ing built with fins for ample heat dis-
sipation and strength. Nickel-silver
contact springs are tensioned for opti-
mum pressure on the lamp pins.
Switchcraft, 5555 N. Elston Ave., Chi-
cago, Ill. 60630.

Circle 235 on Inquiry Card
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less than $180
per function...

HEATH UNINERSB AL BIDIY AL

INB T AU ME NTY

MOoneEL Eu-803

HEATH
Universal Digital Instrument

Now you only need one instrument, the
Heath EU-805A, to perform all these
functions: Frequency, Period, Time
Interval, Events count, Ratio, Integrat-
ing DVM, and Voltage Integrator. Com-
bining in one package a DC-12.5 MHz
Multi-Purpose Counter/Timer with a
0.05% accuracy Digital Voltmeter, the
new Heath/Malmstadt-Enke UDI offers
you unmatched versatility at less than
$180 per function! An original modular
design based on TTL IC’s plug-in cards
protects the instrument from obsoles-
cence.

The UDI features convenient fast cycl-
ing on slow time bases, continuous
summing function, memory, 0.1 s to
30 s display time, 6 digit readout plus
over-range.

The identical high-sensitivity (10 mV)
input comparators provide 1 M © im-
pedance, complete range of trigger
controls (including Automatic Mode),
oscilloscope monitoring of triggering
point and four levels of input attenua-
tion. Input pulse resolution is better
than 50 ns. Time bases range from 1 us
to 10 s and short term stability is
better than 5 in 109. Accuracy =1
count.

For full informa-
tion send for the
FREE NEW Scien-
tific Instrumenta-

HEATH COMPANY, Dept. 580-25
Benton Harbor, Michigan 49022

In Canada, Daystrom Ltd.
O Please send Free New Scientific Instrumentation Catalog.
O Please send Manual EUA-800A, a special 250 pg. condensation of the

DVM section has Automatic Polarity,
5 x 10? @ input impedance on separate
1 V range (10 M @ on the others), four
ranges from 1 V to 1000 V, 10 uV
resolution, 0.1 s to 10 s integrating time
and V-F output available at rear panel.

The UDI is obviously the instrument
you need and it is obviously priced
right: $1250. Less DVM order EU-805D
at $940. DVM conversion pack costs
$340.

Many cards from the UDI may be used in the
Heath /Malmstadt-Enke Analog Digital De-
signer EU-801A:

The ADD permits the design of various an-
alog and digital circuits and instruments, by
plugging-in logic cards into its power, bi-
nary and timing modules. Solderless connec-
tions are made with ordinary wire and com-
ponents leads.

[ o o e e s e e s e e

—————————— ]

tion Catalog. An manuals which accompany Heath Digital equipment ... $3.50.
abridged Manual | .
is available for
$3.50. Address
City - State Zip.
— — _Piices & specifications subject to change without notice. __ EK-264_j
Circle 63 on Inquiry Card 125




[£E| NEW PRODUCTS

DESOLDERING TOOL

Draws up solders.

Wik-It desoldering tool is specially-
treated (with Mil Spec chemicals) tin-
ned braid that quickly draws up solder
when heat is applied with an ordinary
soldering iron. It acts as a heat sink
to protect delicate components, and
leaves the joint resolder-ready. It cuts
costs of equipment down-time, rework,
trouble shooting, quality control and
prototype building. It is sold as service
kit or spool rolls; a sample is available
on request. Wik-It Electronics Corp.,
Box 414, Fremont, Calif. 94537.

Circle 236 on Inquiry Card

TRANSIENT SUPPRESSORS
Dissipate 1500 W of pk power.

The TransZorb® 704-34 transient
suppressors were designed mainly

for airborne applications where
large voltage transients, as described
in MIL-STD-704A, endanger voltage-
sensitive circuits or components. It
comes in the standard DO-13 pack-
age, has a clamping voltage of 34 V,
and requires only 1) source imped-
ance. Price in 100 piece quantities is
$3.25. General Semiconductor Div.,
Silicon Transistors Corp., Box 3077,
Tempe, Ariz. 85281. (602) 966-7263.
Circle 237 on Inquiry Card

WIRE MARKERS
Are heat shrinkable.

To permanently install the markers
in skin-tight fit, simply slip them over
the objects to be marked and apply
moderate heat. Average shrink range
runs from 35% to as much as 50%,
depending upon material used. Heat
needed for shrinking may be supplied
by heat guns, contact tools, infra red
radiation units, or ovens. Satisfactory
shrink is achieved in S seconds with
450°F applied. E.C.P. Corp., 4726
Superior Ave., Cleveland, Ohio 44103.
(216) 391-0444.

Circle 238 on Inquiry Card

SS motor

-

SS planetary

SS governed

FAMILY OF 73" D.C. MOTORS

126

EMI/RFI SHIELDING GASKET
CONDUCTIVE SILVER/SILICONE

CONSIL = Highly conductive, low
volume resistivity; .001 ohm-cm3 =
All pure silver-silicone rubber com-
pound; 30 to 80 durometer m Oper-
ating temp. —65°F. to --450°F
m Available in sheets, molded com-
ponents, cut gaskets and connector
gaskets m Write for data #850,
and FREE sample.

CONSIL — Waveguide
flange gaskets or “0”
rings.

VECKNITO TECHNICAL WIRE PRODUCTS, INC.

ast Division e 129 Dermody St., Cranford, N. J. 07016 (201) 272-5500

E
%st Division e 427 Olive St., Santa Barbara, Calif. 93101 (805) 963-189

Circle 64 on Inquiry Card

Basic Type SS p.m. motor produces up to 0.3 oz. in. @ 10,000
rpm continuous; 19 standard windings plus specials can meet
your speed, torque, and power requirements Size; 7&” dia.
x 138”; weight is 2 oz. Voltages 4 through 50 v.d.c. or more.
MIL specs. Mechanically governed SS motors can regulate speed
within 2%; electronic governors, within a few parts per million.
Gear reducers further extend usefulness to 300 oz. in. torque;
21 standard planetary ratios, 28 standard spur gear ratios. If
you need a still smaller motor, ask about Type SD (34” dia.) or
VT (58” dia.). Request Bulletin SS from

HLADS GLOBE INDUSTRIES

DIVISION OF TRW INC.
2275 Stanley Ave., Dayton, Ohio 45404, Tel: 513 222-3741

Circle 65 on Inquiry Card



90° BENDS
They cover 3.95-18.0 GHz.

A complete line of cast 90° E and
H bends covering the 3.95-18.0 GHz
frequency range with a vswr of 1.05
max. are available. E and H plane
units are available cast in either braze-
able aluminum or beryllium copper
alloy. Standard units come in 3 me-
chanical configurations: Style 1 has
accurately machined fences on both
ends, Style 2 one fence and one wave-
guide extension, and Style 3 has wave-
guide extensions on both ends. All
units may be pressurized upon special
request. Alpha Industries, Inc., 381
Elliot St., Newton Upper Falls, Mass.
02184.

Circle 239 on Inquiry Card

COMPUTER CLOCK OSCILLATOR
Output is in 30 kHz to 50 MHz range.

>

Designed for stacked printed cir-
cuit board mounting assemblies, the
new low profile oscillator, Series
MCI109A1, measures only 1.0 in. sq.
by 0.5 in. high. It weighs less than 1
oz. Operationally, it will hold *+150
PPM max. over —55°C to +150°C
over the range of 30 kHz to 650 kHz.
From 180 kHz to 50 MHz the unit
will hold =50 PPM max. over —55°C
to +125°C. Requiring an input volt-
age of only 5 Vdc (*+5%), clock
oscillator output is compatible with
DTL, RTL or TTL logic. Delivery is
2 to 6 weeks. McCoy Electronics Co.,
subs. of Oak Electro/Netics Corp.,
Mt. Holley Springs, Pa. 17065.

Circle 240 on Inquiry Card
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SMALL-SCALE COMPUTER
000.

TaE mae BEw 48

Digital computer MDP-1000 has a
variety of 1/O options; a 4096-word
random-access memory (exp. to 16k)
with a cycle time of 2.16 ps; six pro-
grammable 12-bit registers; a parallel
adder; two accumulators; and a pri-
ority interrupt system. A “shared com-
mand” technique permits the use of
8-bit memory words and 12-bit register
words in such a manner that only one
8-bit word of memory, corresponding
to a 12-bit instruction of in-line coding,
is needed to specify an instruction.
Motorola Instrumentation and Con-
trol Inc., a Subsidiary of Motorola
Inc., Box 5409, Phoenix, Ariz. 85010.

Circle 241 on Inquiry Card

HYBRID RELAY

Has semiconductor and reed relay.
B |

Each SSR consists of a bi-direc-
tional semiconductor switch gated by
an NPE reed relay. The panel mount
module measures 31/32 x 1 13/16 x
1 7/16 in. high, to allow mounting on
1 in. centers. The isolated control
circuit requires less than 200 mW to
switch 115 V, 6 A, 10 A or 15 A
loads. The PC module will switch 115
V, 2A loads. Standard control voltages
of 6, 12 and 24 V can be accommo-
dated. Switching speed is 1 ms, and
life expectancy is in excess of 500
million operations. List price of the
new SSR devices is about $10 to $40
each. Delivery is 2 to 6 weeks. Wabash
Magnetics, Inc., Wabash, Ind. 36992.
Circle 242 on Inquiry Card

New

High Voltage
High Power
Rectifiers

OAD

V Series
from Varo.

Our new VC Series rectifiers may
be tiny (3” long, 34" high, 34"
wide), but they're plenty tough
enough to stand up under high
voltage, high power conditions.

They have voltage ratings of
from 2KV to 8 KV, current rat-
ings of 1 to 2 amps, and they’re
available with an optional 300
nanoseconds recovery time.

Varo VC Series rectifiers are
made to handle the biggest jobs.
Like X-ray power supplies, radio
and radar transmitters, and things
like the new microwave oven
power supplies.

And they’ll handle most of the
new high voltage, high power
system demands that’ll be com-
ing along in the future, too.

The new VC Series from Varo.

It’s the kind of thing we know
you've come to expect from us.

$4. 1 8 EACH

VC-80 (8,000 Volts — 1 Amp).
1,000 quantity.

VARO

SEMICONDUCTOR DIVISION
1000 N.SHILOH ROAD, GARLAND, TEXAS

75040 (214) 272-4551

Circle 66 on Inquiry Card




NEW PRODUCTS

PHOTOCONDUCTOR ARRAYS

Have high spatial resolution.

200A THKK

CADMIUM SULFIDE FILM
1000 A THICK

1

Typical photoconductive array.

New cadmium sulphide thin film
photoconductor arrays can resolve
spots as small as 0.0002 in.

Made by a vacuum deposition tech-
nique, the arrays provide high photo-
sensitivity at low light levels. They
also feature fast response times, con-
trollable linearity, and good stability
under adverse temperature conditions.
For example, they can withstand
135°C for 100 hours with less than
10% change in photoconductivity.

The films have achieved a light-to-
dark conductivity ratio of > 107 at

one-foot candle illumination. A photo-
conductive gain of > 108 and rise
times in the millisecond range have
been attained.

A single cadmium sulphide chip
can be made to contain complex
geometrical arrangements of photo-
conductors, while retaining high spa-
tial resolution. Complex, multi-elec-
trode patterns can also be deposited
with a resolution of better than 0.0002
in. Units as small as a few mils square
have been made.

The arrays are now being used as
detectors in planet and star trackers.
However, they have application in a
variety of areas including encoders,
decoders, pattern recognition systems,
and automatic celestial navigation sys-
tems.

Only 1 to 10 volts ac or dc are
needed for operation. Allen-Bradley
Co., Electronics Div., Milwaukee, Wis.
53204.

Circle 243 on Inquiry Card
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Every Engineer or Draftsman

should have the NEW BY-BUK
CROSS REFERENCE GUIDE P-45

(supersedes By-Buk Catalog No. P-42)

to hetter printed circuit
drafting.

This FREE 24 page booklet
contains color-coded standard
MIL-SPEC SIZES and design
standards . . . plus a newly
added numerical index for

easy reference to over 2000
pre-cut tapes, pads, shapes,
transistor tri-pads, spaced IC
terminal pad sets and other drafting aids for
faster, more accurate, distortion-free printed
circuit master drawings.

Send for your FREE guide today!
BY-BUK COMPANY

4326 West Pico Blvd. « Los Angeles, Calif. 90019 « (213) 937-3511
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MICA CAPACITORS

Tubular configuration.

Plastic-cased miniature capacitors
come in both bulk and reel form in a
capacitance range of 1 pF to 1000 pF
and working volt. of 500, 300, and
100 Vdc. They are all 0.312 in. dia.
X 0.515 in. long. Aerovox Corp., New
Bedford, Mass. 02741. Booth 4E04-
06.

Circle 244 on Inquiry Card

SEQUENTIAL SWITCHES

Are motor driven.

Roto-Reed® switches have drive
speeds from 1 to 1000 r/min using
compactly mounted synchronous type
motors. Standard sizes are from 10
to 100 hermetically sealed reed-type
contacts mounted on a PC board.
Standard switch reeds are rated for
250 V, 0.5 A max., with a 10-W lim-
itation. Ansley Div. of aci, Inc., Perk-
asie, Pa. 18944,

Circle 245 on Inquiry Card

TUNING CAPACITORS
High rf power.

Power-C series capacitors handle
up to 2000 V and 16 A at 30 MHz.
Using push-pull tuning which may be
gear driven for servo applications,
they come in sizes up to 50 pf (2 pf
min.). JFD Electronics, 1462 62nd
St., Brooklyn, N. Y. 11227. Booths
4D35-36.

Circle 246 on Inquiry Card
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Our new printer is designed for original
equipment manufacturers. It makes it easier for
computers to talk to people and easier
for people to talk back to their computers.

It's the UNIVAC® 0769 Incremental Printer

It's a low-speed asynchronous device that can
print at a rate of up to 25 characters per second.
Making it a pretty fast low-speed printer.

Its basic simplicity of design makes it
very flexible. For example you can use it with a
keyboard as a remote input device to a central
processor.

Or it can be a low-speed output printer.

Or an integral part of a communications terminal.
Or part of a magnetic-tape data recording system.

It has a changeable font. So if your
customers suddenly decide to talk to their
computers in mathematical symbols, they can.

The UNIVAC 0769 can handle up to 132

TSPERRY RAND

- Speech therapy for
" COMputers.

print positions. 52 positions more than
you usually get.

It has an ink-impregnated roller that takes
only a few seconds to change.

And we designed it to produce an original
and five good clean copies.

We're offering the 0769 to OEM customers
as a basic mechanism, without controlling
electronics, power supplies or cabinetry. We can
also supply intimate electronic circuits for
the 0769, primarily amplifiers and drivers, on a
single plug-in printed circuit assembly.

If all this sounds interesting, write to
Univac, OEM Marketing Department,

P.0O. Box 8100, Philadelphia, Pennsylvania 19101.

We offer Readers, Punches, Printers,
Communication Terminals, Graphics, Memory

Devices and, of course, u N |VAC

a little therapy.




JMC 4642 JMC 4640

New Miniature Series
Variable Air Capacitors

High capacity in a small package
— exclusive round nut permits in-
stallation in tight places or minia-
turized packaging. Ultra-rugged
construction.

Specifications

o Small Size: .220” dia. 15/32” length
eQ @ 100 mc: > 5000
e Capacity Range: .4 pF — 6 pF

(> 8 Turns)

e Working Voltage: 250 VDC
(Test Voltage 500 VDC)

e Insulation Resistance: > 10 Megohms
o Temperature Coefficient: 50

+50 ppm/°C
e Temperature Range: —65°C to 4+-125°C

570° Solder. Pre-

Features tion. Not affected

vents disto
py conven
temperatureS-

tional soldering

Call or write for complete information.

HoAapsord>

MANUFACTURING
CORPORATION

400 Rockaway Valley Road
Boonton, N. J. 07005 e (201) 334-2676
Electronic Accuracy Through Mechanical Precision

Circle 69 on Inquiry Card

£E| NEW PRODUCTS

PC POWER TRANSFORMERS
Low power 60 and 400 Hz plug-ins.

These transformers provide step
down and isolation from power lines at
power levels ranging from 0.325 to 7.5
VA. Output voltages range from 3 to
116 C.T. Vac. Microtran Co., Inc.,
145 E. Mineola Ave., Valley Stream,
N.Y. 11582. (516) LO 1-6050. Booth
3F18.

Circle 247 on Inquiry Card

CO. LASER

Single-frequency, single-wavelength.

Model 948 has a freq. stab. better
than 30 kHz short term and 15 MHz
long term. Amplitude stab. is <0.1%
short term and 5% long term. It
emits >5 W in a TEM,,, mode at a
single wavelength near 0.6 pm. It is
freq. tunable by *=25 MHz. Sylvania
Electronic Systems, Electro Optics
Orgn., Box 188, Mountain View,
Calif. 94040. (415) 966-2312.

Circle 248 on Inquiry Card

IC BREADBOARDS

Available from stock.

~

These three boards are built in sizes
to mount 25, 50, or 70 flatpacks,
DIPs or TO-5 Ics. The boards are com-
pletely pluggable throughout with
common power and ground sockets at
each position. Robinson-Nugent, Inc.,
802 E. 8th, New Albany, Ind. 47150.

Circle 249 on Inquiry Card

DIP BREADBOARD
Has a 0.1 x 0.1 hole pattern.

First of a new line of Veroboards
is for use with DIL packages. Cir-
cuitry is located on continuous rows.
Power and ground busses and test
points are provided. Vero Electronics
Inc., 176 Central Ave., Farmingdale,
N.Y. 11735. (516) MY 4-6550.
Booth 1B22.

Circle 250 on Inquiry Card

RESIN DISPENSERS

For potting and encapsulation.

Model 410 Microshot dispenser has
precision-machined metering cylinders
that deliver 0.5 to 15 g/shot of two-
component thermosetting  plastics.
Stainless steel containers (214 gal.)
deliver components under constant
pressure to the metering system.
Fluidyne Instrumentation, 3685 Mt.
Diablo Blvd., Lafayette, Calif. 94549.
(415) 284-5824.

Circle 251 on Inquiry Card

PLASTIC PRESS CLIPS

For cables, bundles, etc.

Fast and easy to use all-purpose
clip is backed with two-sided foam
adhesive to provide permanent bond-
ing even to irregular surfaces. Also
comes in a one-pad design. Weckesser
Co., Inc., 4444 W. Irving Park Rd.,
Chicago, Ill. 60641. (312) 282-8626.
Booth IE 24.

Circle 252 on Inquiry Card
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Actual Size

The Model D/A 011 (patent applied for) is
unique in its design, combining a previously
unmatched level of resolution and accuracy in
a small package.

It employs a combination of transformer
windings and MOS integrated circuits. It is fully
compatible with DTL and TTL computers. No

ADDITIONAL SPECIFICATIONS—MODEL D/A 011

Input Voltage — +3.5 volts 400 CPS

Input Impedance — 90KQ Minimum

Output Impedance Without Amplifier — 20000 Maximum
Operating Temperature — - 55C to +125°C

AC Digital/
Analog Conversion.

11 Bit Resolution,

1/2 Bit Accuracy,
A In 3.2 Cu.In.

voltage level offset is required. Specifications
for the D/A 011 are shown below. Why not let
us show you how it, and related units, can help
solve your interface problems. Use the handy
reader service number below or write or call,
Electronic Products Division, The Perkin-Elmer
Corporation, 131 Danbury Road, Wilton, Conn.
06897. (203) 762-6574.

Logic Level {on) — 45 Volts DC

Logic Level (off) — 0 Volts DC

Channel Switching Time (typical)l — lus
Weight — 3 oz.

FPERKIN-ELLMER

March 1969

Circle 70 on Inquiry Card
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JOUR
FREE COPY
15 RBADY!

NEW 1963
NEWARE

INDUSTRIAL ELECTRONICS

GATALOG

% The one-source * Over 70,000 items—
buying guide 500 major brand lines

* 700 pages
“r Over $7,000,000 industrial electronic inventory

NEWARK HAS IT NOW, THE COMPLETE LINE OF

SIGMA

DATACEL Series 301
SOLID STATE
SWITCHES

These new opto-electronic switching
devices use a sealed-in lamp and
photo conductive cells to drop resis-
tances from 10 ohms to 500 ohms.
Smooth, non-mechanical turn-on
means no interference, no transients,
no bounce. Available with 1, 2 or 4
poles in 6, 12, 24 and 150V types.

Immediate delivery from stock—factory OEM prices
—fast efficient service from 11 Newark warehouses.

.| Y

1 AT

New Main Office & Warehouse

Al ELECTRONICS
EWARK CORPORATION
500 North Pulaski Chicago, lllinois 60624
(312) 638-4411

WAREHOUSES IN

E Minneapolis, Minn. Los Angeles Area *
(612) 331-6350  (213) 678-0441

* Cincinnati, Ohio Grand Rapids, Michigan .
(513) 421-5282  (616) 452-1411

’ Denver, Colorado New Orleans, Louisiana ',
(303) 757-3351 (504) 834-9470

* Detroit, Michigan Dallas, Texas *
(313) 548-0250 (214) 271-2511

* New York City Houston, Texas
(212) 255-4600 (713) 782-4800 *

Circle 71 on Inquiry Card

EE| NEW PRODUCTS

D/A CONVERTERS
Accuracies to i0.0ZS% of FS.

EDAC Series converters provide 8-,
9-, 10-, 11-bit accuracy, with 11-bit
resolution; have temp. coeff. as low
as *=0.0025%/ °C. Input logic is DTL
or TTL; coding is one’s complement,
two’s complement, binary parallel.
Short-circuit proof output is =10 V
at 5 mA. Data Device Corp., 100 Tec
St., Hicksville, N. Y. 11801. Booths
3B11-12.

Circle 253 on Inquiry Card

PUSHBUTTON MODULES

Use single-pole reed switches.

i R

Modular concept lets you create
your own custom layouts. Light pres-
sure (5 oz.) and short strokes result
in optimum operators’ convenience
and positive input of data. Basic mod-
ule lets you use one to three switches
in either momentary or alternate
“push-ON-push-0FF” action. Alco Elec-
tronic Products, Inc., Box 1348,
Lawrence, Mass. 01845. Booth 4G23.

Circle 254 on Inquiry Card

EVENTS RECORDER

Records 24 h in 10-min. intervals.

Model C4-183 panel-mounted print-
er contains up to 17 columns of in-
formation. Printing can be either con-
tinuous or upon demand with separate
paper advance. Printing is on a 6-in.
wide roll at rates up to 3 lines/s. Prac-
tical Automation, Inc., Shelton, Conn.
06486. (203) 929-1495.

Circle 255 on Inquiry Card

PHASE LOCKED OSCILLATOR

Is mechanically tuned.

MO(L)-100XE fundamental oscil-
lator is for tropospheric scatter or line
of sight radio relay uses. It operates
at 685 to 1055 MHz with an 80 mW
min. power out over a temp. range of
—30 to +60°C. FM residual noise
characteristics are good; FM noise is
6 Hz in a 3 kHz bandwidth. Fairchild
Microwave Products, 2513 Charleston
Rd., Mountain View, Calif. 94040.
Circle 256 on Inquiry Card

PRECISION POWER SUPPLY

It’s fully programmable.

Model M7C160 is a 0 to 160-Vdc,
0 to 15-A regulated supply in a 7-in.
panel height. The all-silicon unit has
constant voltage/constant current and
precision performance. It has 0.005%
reg., and 0.015% stab. with full power
to 60°C without derating. Ripple is
less than 1 mV rms. Trygon Elec-
tronics, Inc., 111 Pleasant Ave.,
Roosevelt, N.Y. Booths 2H47-49.

Circle 257 on Inquiry Card

ZENER CHIP DIODE KIT

For development projects.

Fifty chips each of the 30 most
popular zener voltages are contained
in this kit. All diodes are individually
compartmented within the trays.
Product data sheets are included. Price
is $187.50. Centralab Semiconductor
Div., 4501 N. Arden Dr., El Monte,
Calif. 91734.

Circle 258 on Inquiry Card
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Here’s the DVM
they won’t dare
mention

$695

Model 350

Why?

Is it because it offers equal or superior per-
formance at a savings of typically $500?
The 350 performs to:

An ACCURACY of .01% of reading * .01% of
full scale

A RESOLUTION of 100 microvolts standard
(1 microvolt option)

An INPUT IMPEDANCE of 1000 megohms

And, available options include mV, DCV, ACV, chms
and ratio.

" DATA ’
(] TECHNOLOGY
Y] CORPORATION

Hard to believe? Tl‘y us! 1050 East Meadow Circle
Call collect: (415) 321-0551 x 216 Palo Alto, California 94303




EE| NEW PRODUCTS

PRODUCTION TOOL

Air tool cuts and crimps.

Miniature Squeez-Eze air tool is

PRESSURE TRANSDUCERS

For mounting into probes.

Flush diaphragm subminiature pres- The plug-in dc-to-frequency con-

DC-TO-FREQUENCY CONVERTER
Device features 0-1 MHz output.

for cutting and crimping in deep, in- sure transducers, Model SA-SA, are verter board is designed primarily for
accessible places. Model MSP-1 speeds temperature compensated. Both abso- use in analog-to-digital conversion
production, improves work precision, lute and differential models are avail- systems. Board provides linear con-
and reduces operator fatigue in pc and able in pressure ranges from =2 psid version from 0-10 Vdc to 0-1 MHz
electronic assembly. Weighing only 8 up to 5000 psia. They can operate at freq. in a compact, modular plug-in
oz., it has interchangeable jaws, op- temperatures 300°F. The dia- package. Linearity is 0.019% and op-
erates at 40 to 100 psi, and comes in phragm has a pressure sensitive area erating temp. range is —10°C to
both hand- and footswitch-operated of only 0.028 in.%, providing point +65°C. It requires a power supply
models. Two-piece jaws can be re- source data. Semiconductor strain of =15 V source at less than 50 mA.
sharpened. Standard jaws include 15° gages are bonded to the diaphragm Zero and full scale controls are

cutter dykes and a vertical cutter and
crimper. Special jaws, soon to become
standard, include a sub-miniature cut-

St., Southbridge, Mass. 01550.
Circle 259 on Inquiry Card

to enable the unit to withstand severe
and to offer low sensi-
tivities to vibration and acceleration
ter and crimper and 45° cutter dykes. forces. Sensotec Div. of Scientific Ad-
Simonds Machine Co., 258 Worcester vances, Inc.,

environments,

1400 Holly Ave., Co-
lumbus, Ohio 43212. (614) 294-5436. kell Ave., Van Nuys, Calif. 91406,
Circle 260 on Inqulry Card

mounted on the board. Input ampli-
fier options are available for increased
sensitivity. Board is $195. Delivery
is 4 weeks. Contact Kenneth Mathews,
Anadex Instruments Inc., 7833 Has-

Clrcle 261 on Inquiry Card
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SKETCH MATE

.AAAAAAAAAAAA

$1.50 AT YOUR LOCAL DEALER

The Rapidesign No. 19 Sketch Mate

Template is one of more than 100

Rapidesign Time-Saver Templates—all

of which are better made, more useful
and lesser priced.

CATALOGUE NO. 60 AVAILABLE UPON REQUEST

FALI[]ESIGN

P.0. BOX 6039 ¢ BURBANK, CALIF. e 91505
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«N to Grayh:ll

for TOTALLY ENCLOSED ROTARY SWITCHES.
TEMPERATURE TO 125°C. MULTI-POLE.
30°,36°, 45°,60°, and 90° ANGLE OF
THROW. 100,000 OPERATIONS.

.. the Difference Between
Excellent and Adequate

Typical Specifications
® Explosion Proof
® Contact Resistance
10 Milliohms
® Make or Break % Amp. to
15 Amps., 115 VAC
Resistive
Send for Engineering Catalog G-304-A W
543 Hillgrove Avenue
LaGrange, lllinois 60525
Area Code 312, Phone 354-1040

“PIONEERS IN MINIATURIZATION"'

® | to 6 Poles per Deck
® 2 to 12 Positions per Pole
® 1 to 12 Decks

»

When Only Excellent is Adequate T¢

Circle 74 on Inquiry Card



the lowest priced
military-quality
1€ voltage regulatfor

cach

at quantities of 1000

_ General Instrument, the “#1
,, “\vlnl“.\ Power’' in hybrid micro- AR TP iy - i
I."‘"En Circuitry, introduces the Input Voltage 40 —
NC531 hybl’ld voltage regUA Output Voltage (externally adjusted) 38v 8v
lator, the first and only ‘‘Class Loag Curent e | e
oo - d n . | Operating Temperature +125°C -55°C
A Integrate circu lt, ,VO ta ge Storage Temperature +175°C —65°C
regulator available at a Class C price. Power Dissipation T, — 25°C (without heat sink) 500mw —
Internally set to 15V =100 mV, the NC-531,
unlike monolithic IC voltage regulators, requires
no egtgmal components for normal operation. | CIRCUIT PERFORMANGE RATINGS:
Provisions have been included in the design to £ 7,— 125°C Ve—419v | — 40ima
. I th i t
allow the user to obtain other voltages and cur- e s
rents easily with a minimum of additional com-
. % A s CHARACTERISTIC TEST CONDITION | MIN | TYP | MAX |UNITS
ponents in order to provide maximum versatility L s
in the widest variety of applications. Output Voltage Internally Set 149 (150 [15.1 | Voits
Via-Vour
Input/Output Differential | (without external 2 — — Volts
The NC-531 in a TO-100 package is imme- v _ P Rt
dA t | l ble . tt ff th h |ff Line Regulation V.. 19v +10% —_ G [ § %
iately available in quantity, off-the-shelf from Load Regulation 0 to 40ma — | 05| .o78| %
your authorized General Instrument distributor. Load Regulation 0 to 100ma 20 1| 25| %
For full information on the NC-531 and the Ripple Rejection — |40 | — | @b
broadest line of hybrid ICs available anywhere, Qutput 2 D to 100KC el R SEL T (e
write for your “‘Hybrid Power'” data-pak today. e 0 S ) et

(In Europe write: General Instrument Europe S.P.A., Piazza Amendola 9, 20149 Milano, ltaly.)

GENERAL INSTRUMENT CORPORATION e

GENERAL

INSTRUMENT

6800 WEST JOHN STREET, HICKSVILLE, L. I, NEW YORK
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Only
1in10
Engineers
are
interested
in what we
are doing

And that is designing and
building highly reliable,
sophisticated solid state static
power conversion equipment.

For critical airborne, ground
support and shipboard
equipment, we have a complete
line of “‘standard units” in
400-60 Hz and 60-400 Hz
frequency converters with
power ratings from 400 VA to
8 KVA, sine wave output. Also,
28 VDC to 400 Hz and 28 VDC
to 60 Hz static inverters with
power ratings from 75 VA

to 3.6 KVA and sine wave
output.

If our standard line will not
fill your application require-
ments, we have the engineering
talent and manufacturing
capability for designing and
building special units to meet
almost any specification you
have. In either case, we deliver
on time and at a reasonable
cost.

We know that only a few
engineers need our frequency
converters and static inverters,
but

if you are
that one
we can
help you.

= = P SO SH =T e —hes ShEs s —hew o

Write for complete information

SPECIALISTS IN SOLID
STATE POWER CONVERSION

UNITRON

DIVISION OF ELECTRIC MACHINERY MFG. COMPANY

1624 N. FIRST ST.
GARLAND, TEXAS 75040 (214) 276-8591

Circle 76 on Inquiry Card

[EE] NEW PRODUCTS

TRIAXIAL CONNECTORS
Meet MIL-C-39012.

New miniature connectors have the
following parameters:

Nominal imp.—50€.

VSWR—1.3:1 max.
7.5 GHz.

Op. volt.—500 Vrms

Ins. res.—10,000 MQ at 500 Vdc.

RF leakage—90 dB min.

Insertion loss—0.1 dB max.
Gremar Mfg. Co., Inc., 7 North Ave.,
Wakefield, Mass. 01880.

Circle 262 on Inquiry Card

from dc to

SS ISOLATORS
Are optically coupled.

%

Two new high-gain isolators are
capable of replacing low-power relays
and transformers. The TIXL102 and
TIXL103 provide isolation of ==100
V with an internal resistance >1012C)
and a capacitance of 4 pF. They have
no moving parts or fragile wiring.
Texas Instruments Incorporated,
13500 N. Central Expressway, Dallas,
Tex. 75222. (214) 238-3741.

Circle 263 on Inquiry Card

MICROWAVE CIRCULATORS

Stripline, coax ferrite devices.

e i
These circulators and isolators op-
erate from 300 to 6000 MHz over
bandwidth ranges from 10 to 20%
and more, and at cw power levels up
to and exceeding 300 W. They are
available miniaturized and magneti-
cally shielded. General Electric Co.,
1 River Rd., Schenectady, N. Y.
12305.

Circle 264 on Inquiry Card

HV POWER SUPPLY
For CRT display systems.

Model 1579 furnishes stable, low
noise corona-free voltages between
10 kV and 30 kV. Specs include: Max.
out. curr. of 1 mA; 0.0025% reg. for
line or load variations; <250 mV rip-
ple pk-to-pk; output volt. drift <100
ppm/h and 300 ppm/24 h; and re-
peatability of 100 ppm. Power Design,
Inc., 1700 Shames Dr., Westbury,
N. Y. 11590. (516) ED 3-6200.
Booths 2G10-11.

Circle 265 on Inquiry Card

SHAFT ANGLE ENCODER

Completely solid state.

New encoder translates shaft rota-
tions to a high accuracy direct decimal
readout, binary visual readout, and/
or a digital output compatible with
computer, printer, or other off-line in-
terfaces. Angle output is absolute and
returns to the correct position even
when a power interruption occurs. As-
trosystems, Inc., 6 Nevada Dr., New
Hvde Park, N. Y. 11040. Booth 2C15.

Circle 266 on Inquiry Card
SOLDERING SYSTEM
Handles PC boards up to 14 in. wide.
— . : s

Series TDB systems have a 3% -in.
deep solder wave. Features include
close control on oil/solder intermix
meter, large solder base capacity (450
Ibs.), two remote control panel op-
tions, preheater with variable temp.
settings, and 13 speed settings on the

conveyor. Hollis Engineering, Inc..
Nashua, N.H. 03060. Booth 302.
Circle 267 on Inquiry Card
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PEK'S Brioht Ideas Work

HV RECTIFIERS For you. Because,PEK designs and builds its lamps with your
Cost less than $1. needs in mind. That’s why PEK, in addition to its full family

: of lamps, can offer custom made lamps plus complete elec-
tronic back-up for any lamp. PEK experience and technical
know-how combine to offer you a complete line of lamps and
lamp systems, providing high reliability and a high conver-
sion factor at low cost.

Subminiature, HV Surmetic™ recti-
fiers have max. peak repetitive reverse
voltage ratings ranging from 1 to 5 kV.
They handle continuous forward cur-
rents of 0.25 A at amb. temp. to 75°C
and withstand current surges up to
15 A. A passivated p-n junction
minimizes leakage current and sta-
bilizes breakdown voltage. Motorola
Semiconductor Products Inc., Box 955,
Phoenix, Ariz. 85001.

Circle 268 on Inquiry Card

BI-PIN LAMP SOCKET

For printed circuits.

This socket permits instant replace-
ment of most T-1 34 bi-pin base
lamps. For display or readout pur-
poses, it provides exact positioning
of the lamp. Socket measures 0.625 x
0.343 x 0.385 in.; thus it and the lamp
require only slightly more space than
the lamp alone. Grayhill, Inc., 543
Hillgrove Ave., La Grange, Ill. 60525.
Booths 4G03-05.

Circle 269 on Inquiry Card

EPOXY COATING POWDER
Flexible and tough.

DKS8 epoxy Dri-Kote® powder also
features thermal shock resistance and
good electrical values. Applied by
aerated bed, flow coating, or electro-
static deposition, it is well suited for
insulation and protection of flexible
conductors. Hysol Div., The Dexter

For enLIGHTened help on your lamp
Corp.. Franklin St., Olean, N.Y. problems, write: Marketing Manager

14760. PEK, INC. - 825 E. Evelyn Avenue - Sunnyvale, California 94086
Circle 270 on Inquiry Card
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requlated power

(at lowest cost
in the industry)

“C" SERIES

SILICON POWER
MODULES

300 MODELS

t0262V. . to 36A..700W

The ““C’" Series features
most power at lowest
cost and smallest size
in the industry, and
offers superior quality
and specification excel-
lence.

MEETS THESE MIL SPECS...

Reliability:
MTBF up to 100,000 hours

Environmental:
Shock—E-4970, T-4807
Vibration—T-4807, E-16400
Humidity—STD-810
Altitude—E-4970
RFI-EMI—I1-16910, 1-6181

PERFORMANCE SPECS

WRITE FOR
MORE ® 0.02% regulation
LIOLUENLIR @ 500 microvolts ripple & noise

® Convection cooled to 71°C

WISSAHICKON AVENUE, N. WALES, PA. 19454
PHONE: (215) 699-9261 « TWX: (510) 6618061

Circle 78 on Inquiry Card
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NEW PRODUCTS

CROSSBAR SCANNER
Speeds to 60 channels/s.

Model 409 Scannex can be con-
trolled from the front panel, or by
1, 2, 4, 8 BCD inputs from a remote
station. Combinations available are:
600 1-wire channels; 300 2-wire chan-
nels; 200 3-wire channels; 100 6-wire
channels. Cunningham Corp., Ho-
neoye Falls, N. Y. 14472. (716) 624-
2000. Booth 3A12.

Circle 271 on Inquiry Card

FET OP AMP
In a DIL epoxy package.

Model 830 fully-compensated op
amp is the first in a series. Specs are:
volt. gain of 300,000, drift of 20
wV/°C, input bias current of 15 pA,
slew rate of 6 V/us common mode
volt. of 10 V, and output of 10 V
at 5 mA. Zeltex, Inc., 1000 Chalomar
Rd., Concord, Calif. 94520. (415)
686-6660. Booths 2C06 and 2CO08.

Circle 272 on Inquiry Card

PANEL METERS

Self-shielding movements.

Century series meters can come with
the following movements: dc annular,
shock resistant taut band; dc annular,
spring-backed pivot and jewel; ac, an-
nular rectifier; ac, iron vane, mag-
netically damped; and ac, dynamom-
eter, single phase. Simpson Electric
Co., 5200 W. Kinzie St., Chicago, IlL
60644. Booth 2C-17.

Circle 273 on Inquiry Card

Stay

Up-Ho-ate

with these important
books from McGraw-Hill

DIGITAL MAGNETIC LOGIC. By DAVID
R. BENNION, HEWITT D. CRANE and
DAVID NITZAN.

This book deals with a class of digital
magnetic-core circuits consisting of
magnetic components and intercon-
necting conductors, and offering ex-
tremely high reliability, long life, and
adaptability to special environments
— e.g., high-intensity radiation. It is
the first book available on digital logic
circuits using magnetic devices ex-
clusively. 320 pp., $15.00

MICROWAVE SEMICONDUCTOR DE-
VICES AND THEIR CIRCUIT APPLICA-
TIONS. By H. A. WATSON.
This practical book covers the entire
field of microwave solid-state circuits
and microwave semiconductor devices.
The early chapters survey important
background material necessary to un-
derstand the operation of the devices
described in later chapters. Also high-
lighted are the physical and tech-
nological limitations that restrict
device and circuit performance.

640 pp., $22.50

COMPUTER-AIDED INTEGRATED CIR-
CUIT APPLICATIONS, By GERALD J.
HERSKOWITZ.
This book focuses on three broad areas
vital to integrated circuit design by
computer: modeling procedures, in-
cluding the determination of model
parameters experimentally; the rela-
tion of network and system computer
techniques to the design of integrated
circuits; applications of modeling and
computing techniques to realize speci-
fic integrated circuit designs.

423 pp., $15.00

REGULAR MATRIX TRANSFORMA-
TIONS. By GORDON M. PETERSEN.
Here is a study of regular matrices
through the sets of bounded sequences
which they sum. With the exception
of three theorems taken from func-
tional analysis, the material is self-
contained and ideal for home study,
142 pp., $8.00

REVIEW OF THE SOVIET SPACE PRO-
GRAM: With Comparative United
ISltates Data. By CHARLES S. SHELDON,

This book comprises a 12-year study
by the Legislative Reference Service
of the Library of Congress. It consti-
tutes a unique organization of open,
unclassified material from Soviet,
British and U. S. sources, and provides
a valuable statistical reference.

152 pp., $9.95

At your local hookstore
or write

McGRAW-HILL
BOOK COMPANY

330 W. 42nd St., New York, N.Y. 10036

Dept. 23-EE-369
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EEREMRRORCS Diversified Glass-to-Metal
Hermetic Seals like these...

HiGy o R (E-1 makes them aII')
ST'?EIE;/LEC/"JR/C i e

The 11SX1-T SPDT switch fea-
tures a differential travel of 0.001 in.
Ratings are: 28 Vdc—3 A resistive,
2 A inductive; 115 Vac—3 A. It
weighs 1/28 oz. and operates within
a temp. range of —100° to +250°F.
Micro Switch, a div. of Honeywell
Inc., 11 W. Spring St. Freeport, Il
61032. Booths 2G48 and 2G50.

Circle 274 on Inquiry Card

Require Highly Specialized

WIRE JUNCTIONS

Wire connections without splicing.

LTI

Engineering Capabilities...

(E-1 has the know-how!)

ST
T

i
ij 4

New Jiffy Junction is made of light-
weight, specially formulated rubber
that hugs the wire. One crimping tool
and a simple plastic insert-removal tool
are all that you need to quickly make
permanent environmental wire unions
that won't pull apart. The Deutsch Co.
Electronic Components Div., Muni-
cipal Airport. Banning, Calif. 92220.

Circle 275 on Inquiry Card

Specify E-l Sealed Terminations

SPIRAL RESISTOR for Unusual Service Applications!

High resistance, high voltage.

How does E. I. produce a quality line of hermetic seals? Sealﬁ%{g'r:iaz;ig;ss
The answer is simp!e. A stringent program of testing Transistor and
and control! Above is shown an optical comparator be- Diode Bases
ing utilized to measure wire terminals for use in a iir:";::s‘:.’::lot;gzses
. . . . 1 -
hermetic seal. Testing in this manner assures that the Threaded End Seals
finished hermetic seal will comply with all your re- Plug-in Connectors
i 1 Vibrator Plug-in
quirements. Connectors
Available in thousands of standard types, E-I seals can High Voltage Glass-
: be produced in ‘specials’ to meet particular component hondeq Cersag'é
The 680 series Cermide'* resistor or equipment requirements. Hermetically-sealed
is for operating voltages up to 30,000 ; : : . ; L ik ) Relay Headers
. o T 1 . Technical literature edited for the engineer/designer/ Special Application
i midaatis as Migh as 308 W, I s ifier, and containing complete data and information Custom Seals
. P specifier, and cont: c e data ¢ "m: A 5
for bleeder resistor, voltage divider | °! oA ¢ g I i ‘ Custom Sealing _
is available on request. to Specifications

networks and other high voltage appli-
cations. Resistance ranges are 20 KQ

through 1000 MO. CTS Corp, Elk- | yEIectncaI Industr|es
hart. Ind. 46514. (219) 293-7511. A Division of Philips Electronics and Pharmaceutica! Industries Cor
Booths 3B48-49. Murray Hill, Np J. 07971 — Tel. (201) 464-3200 T

Circle 276 on Inquiry Card Patented in U.S.A., No. 3,035,372; in Canada, No. 523,390; in United Kingdom, 734,583; other patents pending.
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E LITERATURE

PC connections

This 20-page catalog gives sugges-
tions for solving printed circuit con-
nection problems. Various methods
for Pc connections are described. Also
included are schematics and applica-
tion ideas. Molex Products Co., 5224
Katrine Ave., Downers Grove, Il
60515.

Circle 321 on Inquiry Card

Linear integrated circuits
Users of linear 1cs will want to ob-
tain this 28-page brochure, which de-
scribes Fairchild’s second generation
devices. The publication is organized
into three parts. Section I covers
seven off-the-shelf linear 1cs, provid-
ing the data you’d need to incorporate
oy

them into circuits. Section II discusses
their applications, and Section III out-
lines electrical characteristics and
parameters that will appear in tomor-
row’s standard products. A page of
ordering information is included. Fair-
child Semiconductor, Distribution
Services, Box 1058, Mountain View,
Calif. 94040.
Circle 322 on Inquiry Card

Phototransistors

Application Note AN-440 (12
pages) discusses both the theory and
the characteristics of phototransistors.
It briefly presents the history of the
photoelectric effect, and then analyzes
the effect in bulk semiconductors, pn
junctions, and phototransistors. Typi-
cal characteristics of the phototransis-
tor are also detailed. A useful appen-
dix describes the relationship of ir-
radiation and illumination and a
second appendix defines optoelectronic
terms. Technical Information Center,
Motorola Semiconductor Products,
Inc., Box 20924, Phoenix, Ariz. 85008.

Circle 323 on Inquiry Card

140

ECL integrated circuits

This 30-page brochure contains de-
sign information on the ECL2500
Series integrated circuits. It describes

° ECL2500 Series
integrated ciraits
from “lexas Inscruments

the logic configurations and typical
characteristics of the series, which in-
cludes 29 ultra-high-speed (2-3 ns)
device types. Texas Instruments In-
corporated, Box 5012, Dallas, Tex.
75222.

Circle 324 on Inquiry Card

Logic cards

A 64-page catalog provides techni-
cal information on a line of 34 T2L
logic cards. Specifications, schemat-
ics, and a price list are included. Ap-
plications assistance and systems de-
sign service are also discussed. Wyle
Labs., Systems Div., 128 Maryland
St., El Segundo, Calif. 90245.

Circle 325 on Inquiry Card

Microwave energy

A 36-page bibliography lists works
dealing with industrial applications of
microwave energy. Literature on such
subjects as microwave heating theory,
effects of microwave radiation, loss
factors and dielectric constants, and
industrial processing is included. Var-
ian, Industrial Microwave Operation,
301 Industrial Way, San Carlos, Calif.
94070.

Circle 326 on Inquiry Card

Pulse instrumentation

This 1968-69 condensed catalog
covers a line of pulse generators and
data generators. The 4-pager includes
product descriptions and photos, as
well as a handy spec table. Also in-
cluded is a 4-page facilities and ca-
pabilities insert. Datapulse Inc., 10150
W. Jefferson Blvd., Culver City, Calif.
90230.

Circle 327 on Inquiry Card

Switching solutions

Switching related to computers,
communications, instrumentation, and
automatic testing is the subject of a
40-page “Problem Solutions Manual.”
Emphasis is on scanning, crosspoint
switching, and interfacing. A T-Bar®
switch/relay selection guide, product
data sheets, and typical applications
are other features of the handbook.
Electronic Controls, Inc., Dept. HB,
141 Danbury Rd., Wilton, Conn.
06897.

Circle 328 on Inquiry Card

Reference junctions

The principles and applications of
thermocouple reference junctions are
covered in a comprehensive bulletin.
Described are the principles of op-
eration of various types of reference
junctions, from ice baths to electri-
cal compensators. Their application in
thermocouple temperature measur-
ment circuits is also reviewed. Sche-
matics show the basic thermocouple
circuit and the various types of elec-
trical reference junction compensators.
Consolidated Ohmic Devices, Inc., 115
Old Country Rd., Carle PlL, N.Y.
11514.

Circle 329 on Inquiry Card

Connectors handbook

Featured in this 1969 handbook is
a line of removable contact connec-
tors which conform to MIL-C-22857.
Also listed in the 29-page catalog are

STANDARD |- - &g
CONNECTORS

miniature rack and panel connectors
which conform to MIL-C-8384, edge
board pc connectors, and printed wir-
ing test point connectors. A handy
decimal equivalent chart is included.
Positronic Industries Inc., Gorn Con-
nector Div., Box 3338, Springfield,
Mo. 65804,
Circle 330 on Inquiry Card
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Semiconductor silicon

A 32-page brochure (10-040) cov-
ers hyper-pure silicon crystal and other
semiconductor materials. Main prod-
uct sections cover polycrystalline sili-

In production... today

con, single crystal silicon, and epitax-
ial materials. The manufacturing proc-
ess for these products is described and
illustrated. Dow Corning Corp., Elec-
tronic Products Div., Hemlock, Mich.,
48626.

Circle 331 on Inquiry Card

Flat flexible cable

This design guide for flat conductor
flexible cable will help you select a
cable suitable for your specific re-
quirements. Topics in the 8-page ref-
erence include cable description and
selection, applications, insulations and
conductors, continuous and etched
specifications, and so forth. Hughes
Aircraft Co., Box 90515, Los Angeles,
Calif. 90009.

Circle 332 on Inquiry Card

DTL IC tester

The Model 714, a go-no-go tester
for DTL integrated circuits, is the sub-
ject of a 4-page brochure. This unit
is capable of testing 930 Series mod-
ules at a rate of 3600 per 8-hour day
and sells for under $900. It performs
a variety of dynamic, functional tests.
E&L Instruments, Inc., 61 First St.,
Derby, Conn. 06418.

Circle 333 on Inquiry Card

See GRC at the IEEE
.SHOW: Booth #I1C09-ICII

qj?;?
o

die cast
ZING ALLOY

""SMALL ZINC
DIE CASTINGS"

Get GRC's fact filled bro-
chures. GRC's methods give
you quality and accuracy in
small parts of die cast zinc
alloy, Nylon, Delrin, other engi-
neering thermoplastics. Exclu-
sive automatic limited cavity,
techniques allow new designs,
new production and assembly
shortcuts. Write, wire, phone
for samples and bulletins. Send
prints for quotations.

molded
PLASTICS

3
<Ry

NO MINIMUM SIZE!
Maximum sizes: Zine Alloy—

Coil Bobbins 2” long, Y2
0z. sPJastle

Gears & Pinions — 3
long, .05 0z. &

GRIES REPRODUCER CO. & LEL
Division of Coats & Clark Inc.

World's Foremost Producer of Small Die Castings
165 Beechwood Ave., New Rochelle, N.Y. ¢ (914) 633-8600
Plants in: New Rochelle, N.Y.; Warren, R.l.; Toccoa, Ga.

Circle 81 on Inquiry Card
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Low-cost wire stripper

Finishes 1,000 to
1,500 wire leads

pulls wire
through stripper,
touches switch

MARK

LEAD LENGTH is set by
distance from cut-off blade
to switch. Switch actuates
automatic electric stripping
cycle—then releases wire for
next length.

ARTOS CS-15 CAPACITY

Max. Wire Size: 10-gauge stranded,
12-gauge solid.
Lead Length: %'’ min. to any length.
Length Stripped: 5’ to %'’ at
one or both ends.
Output: 1,000 to 1,500 pieces per
hour, depending on lead
length and operator skill.

L R RN

eesceesvsvccsccense
esescscccscccsnas

Furnished with 1/12 hp.
motor; actuating switch and
8-ft. cord; built-in lead meas-
uring tape; and totalizing
counter. For 120-volt, 60-
cycle current.

COMPLETE

ready fo plugin..... 5500“0

Other Artos machines have automatic
feed and drive; produce up to 8,000 wire
leads per hour; handle 30 to 000 gauge
wire; cut lengths from 1 in. to 90 ft.; strip
insulation % in. to 10% in.

WRITE FOR BULLETIN 563

Representatives throughout the world

ENGINEERING CO.

15642 W. Lincoln Ave., New Berlin, Wis. 53151 (Milwaukee Area)

Circle 82 on Inquiry Card

MAKERS OF BILLIONS OF FINE
STANDARD ELECTRONIC AND
FASTENING EYELETS PRESENTS

Accu-RAM

Circle 83 on Inquiry Card 141



To control this power supply
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Model BHK 1000—0.2M

WITH THIS KEYBOARD

Model DPK—1
All you need is Kepco's new

DIGITAL
PROGRAMMING
SYSTEM

A direct digital-to-analog conver-
ter with provision for parallel or
serial inputs in BCD or straight
decimal form, the Kepco DP Sys-
tem programs any Kepco opera-
tionally programmable DC power
supply from 0.000 to 1000.0 volts-
The system is offered in three
parts: a parallel input D/A con-
verter, the Model DPD-1; a 4-
channel serial-parallel storage
register, Model DPR-4, and a man-
ual entry keyboard, Model DPK-1.
Together they are an inexpensive
interface between the digital world
of numerical control and the an-
alog world of voltage control.

® DIGITAL PROGRAMMING REGISTER

IkePcO @ e v @ °

- IMEFR_ MR -

- -
Model DPR—4

If you'd like our brochure
describing the Digital Programmer,
Write Dept. BM-19

131-38 SANFORD AVE.  FLUSHING, N.Y. 11352
(212) 461-7000 « TWX #710-582-2631
Visit us at IEEE Show-Booths 2E56 & 57

Circle 84 on Inquiry Card

LITERATURE

Microcircuits manual

“Designing Hybrid Microcircuits”
is the title of a 12-page guide which
describes the essentials involved in
developing a custom hybrid microcir-
cuit. Circuit design philosophy, com-
ponent compatibility, circuit charac-
terization and test methods, packaging,
and reliability are discussed. The
manual also shows typical circuits
and packaging configurations. Circuit
Technology, Inc.,, 160 Smith St.,
Farmingdale, N. Y. 11735.

Circle 334 on Inquiry Card

Connectors

Three separate catalogs itemize the
manufacturer’s lines of terminal junc-
tions, miniature and subminiature con-
nectors, and hermetic connectors. Each

Deutsch Junctions

booklet illustrates the product types,
describes their advantages and, in
chart form, provides data on applica-
tion, sizes, and operating characteris-
tics. The Deutsch Co., Electronic
Components Div., Municipal Airport,
Banning, Calif. 92220.
Circle 335 on Inquiry Card

Current probes

Current probes for commercial,
military, laboratory, and related ap-
plications are discussed in an 8-page
brochure. Major specs, an introduc-
tory discussion of the devices, and ap-
plications are included. Components/
Genistron Div., Genisco Technology
Corp., 18435 Susana Rd., Compton,
Calif. 90221.

Circle 336 on Inquiry Card

Cabinets catalog

Covered in a 28-page brochure is
the Series 40 Modu-Mount modular
cabinets. These are designed for rack-
mounting electronic, radar, and other
sensitive equipment. Four basic types
of frames are discussed: straight front,
slope front, wedge, and sloping wedge.
Honeywell, Apparatus Controls Div.,
2727 S. Fourth Ave., Minneapolis,
Minn. 55408.

Circle 337 on Inquiry Card

WITH THE CRICKET 4
DIGITAL MONITOR
YOU CAN

Hear & See

Nanosecond Pulses
¢ 9090 gy
opcBoORON @'

MODEL CR4

e Eliminates need to monitor oscillo-
scope or voltmeter.

« Can monitor 4 circuits simultaneous-
ly with no synchronization.

e Use with TTL, DTL, RTL or ECL inte-
grated or discrete circuitry.

e Each channel generates different
audible tone and lamp flash when
triggered by negative-going pulse.

e DC mode gives continuous light for
Logic “1"”, off for Logic ‘0"

» Saves breadboarding and testing
time.

* Extremely useful for noise investiga-
tion and intermittents.

e Price: $169.50.
Other LOGICO™ Digital Monitors avail-

able to monitor up to 20 logic points
simultaneously.

INDUSTRIAL INVENTIONS, INC.
RD 2, 463 U.S. Route 1,

Monmouth Junction, N.J. 08852
| Phone: (201) 329-6000

Circle 85 on Inquiry Card

68-page Manual of Time-Saving
Problem-Solving Electrical /
Electronic Drafting Aids

Featuring illustrated technical informa-
tion on printed wiring artwork production
techniques. Thousands of pressure-sensi-
tive shapes, symbols and tapes for
faster, more accurate master artwork.
T0-5 Patterns [] T0-18 Patterns []
Flatpack Patterns [ Integrated Cir-
cuit Patterns [] Pads [] Connectors
[] Fiducials [] Tapes [] Tees [] El-
bows [] Letters and Numbers and many,
many more .

From Bishop, the specialist in electri-
cal/electronic component drafting aids.

Write for free copy:

Bishop Industries Corp.

7300 Radford Avenue
North Hollywood, California 91605
Phone: (213) 982-2000

Circle 86 on Inquiry Card
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Permanent magnets manual

Using several graphs, an 18-page
catalog describes the company’s line
of ferrite permanent magnets. Typical

ARNOLD

applications, advantages, and proper-
ties of the magnets are included, as is
a glossary of magnetic terms. Arnold
Engineering Co., Marengo, 1ll. 60152.
Circle 338 on Inquiry Card

Precision pots

A selection of single and multi-turn
wirewound potentiometers in servo
and bush mounting styles are covered
in a nonlinear function data sheet (4
pages). Standard functions, resistance
ranges, and conformity tolerances are
listed in chart form. Bourns, Inc.,
Trimpot Products Div., 1200 Colum-
bia Ave., Riverside, Calif. 92507.

Circle 339 on Inquiry Card

Transistor tester

An automatic transistor test instru-
ment, the T217, is a high speed, go-
no-go device. As described in a 12-
page bulletin, it is for testing and
classifying semiconductors on the pro-
duction line or at incoming inspection.
The instrument is also capable of per-
forming measurements on diodes and
FETs. Teradyne, Inc., 183 Essex St.,
Boston, Mass. 02111.

Circle 340 on Inquiry Card

CLASSIFIED ADVERTISING

GROWTH POSITIONS $12,000-$25,000

MANAGEMENT — ENGINEERING — SALES
RESEARCH — MANUFACTURING

Nationwide Coverage

Fees company paid. Include present salary, mini-
mum salary requirement and location flexibility
with resume. Longberry Employment Service, Inc.,
g!(zl Shgi7llos Bank Bldg., Niles, Ohio 44446. (216)
52- 5

32" CORADOGRAPH, Model KDR 800, LIKE
NEW CONDITION. $4500. crated, F.0.B. cur dock.
Equipped with rotary glass surface steel table,
prick-point microscope (7X), ruling pen with holder,
pencil point or needle holder, encircling circle point
marker, Type A scribe holder for beam compass,
heam compass with lead holder and inking seriber.
3 ratio sets for X and Y scale ratios. dials and
tapes. Only | available—first come, first served.
Centact A. J. Staples.

ROBERTSON PHOTO-MECHANIX, INC.

250 Wille Road, Des Plaines, lll. 600!8

312/827-7711

The Electronic Engineer « March 1969

Detectors and lasers

A product file folder contains data
on the company’s infrared detectors
and semiconductor lasers. Discussed
are both coherent and incoherent gal-
lium arsenide emitters, indium ar-
senide lasers, photoconductive infra-
red detectors, detector preamplifiers,
and gas-shielded dewars. Raytheon
Company, Laser Advanced Develop-
ment Center, Foundry Ave., Waltham,
Mass. 02154.

Circle 341 on Inquiry Card

Testing facilities

Facilities for qualification testing
are covered in a 28-page brochure.
Described in detail are the pyro-
technic, electronic component, en-
vironmental, power systems, engine
generator, and vehicular laboratories.
General Testing Laboratories, Inc.,
5252 Port Royal Rd., Springfield, Va.
22151.

Circle 342 on Inquiry Card

Power supplies

A 56-page catalog covers instru-
ments and systems for laboratory, test
equipment, and OEM applications.
Given are specs, prices, and ordering
information for over 300 models of
power supplies, including a new line
of integrated circuit power supplies
and power systems. A handy selection
guide and applications data are also
provided. Lambda Electronics Corp.,
515 Broad Hollow Rd., Melville, N.Y.
11746.

Circle 343 on Inquiry Card

Terminals

A 32-page reference provides data
on the Faston™ terminal line. Catalog
308-5 covers straight and right angle
receptacles, tabs, insulating sleeves,

THE A-MP~
FASTON'
TERMINAL

i AMP INCORPORATED (Worliwide

quick disconnect splices, multi-posi-
tion connectors, and special purpose
items. Descriptions, electrical and me-
chanical specs, and dimensions are
given. AMP, Incorporated, Harris-
burg, Pa. 17105.

Circle 344 on Inquiry Card

Anritsu’s New Miniature
Relay type MB
has
a life expectancy
exceeding
100 million operations
While guaranteeing reliability*

That’s right. And we would like to
repeat it. Anritsu Electric is the first
Electronics ‘manufacturer to guarantee
reliability of its miniature relays, type
MB. They're shock and vibration proof.
Our card-driving lift-off system is a
major feature of our miniature relays,
and at our Atsugi factory we produce
them by incorporating our highly unique
photo- etching  method which ensures
outstanding and longer lasting contacts.
Makes testing, service or assembly
a snap—can he connected by quick
connects or mating socket. These are
reasons why are exceptionally reliable
MB relays are becoming so widely used
and acclaimed.

And prices ? Well, you'll find them
hard to beat. Especially if you're
concerned (and you should be) about
top quality, reliability and long system
and relay life. Write us today for
information and specifications.

*The MB relay is fully guaranteed to provide long life
and reliability even in problem enviroments.

Rrnitsu Electnic Co L4

4.12-20, Minamiazabu, Minato-ku, Tokyo
cable address ANRITDENK! TOKYO

Circle 87 on Inquiry Card




New!

14-bit

D-to-A Converter

<2 usec

conversion time

DIGITAL-ANALGG
CONVERTER

4.85” x 4.85” x 17

MODEL DAC-14T: a high speed, high
resolution, 14-bit, integrated circuit
Digital-to-Analog Converter with a
0.006% accuracy. It features a unique
controlled transition output which in-
sures that the output signal changes
with negligible pre-shoot and over-
shoot monotonically from one value
to another.

Applications include precision
scope displays such as information
displays or signal recognition and
analysis. Also applicable for inte-
grated circuit testing requiring low
transient errors proportional to signal
magnitude. High speed of settling time
is compatible with high speed testing
where computer control and evalua-
tion is employed.

Essentially a miniaturized program-
mable power supply, DAC-14T may
be placed in close proximity to the
device being excited — a necessity
if high precision and high resolution
are to be maintained.

All elements, including reference
supply, switches, network, storage
registers, output amplifier, gain and
offset adjustment, are packaged with-
in a single printed circuit card plug-in.

Write or call for prices and
complete specifications.

PASTORIZA

ELECTRANIES;:; INGC.

385 Elliot St., Newton, Mass. 02164 + 617-332-2131

Circle 88 on Inquiry Card
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Integrated circuits

A 24-page short form catalog con-
tains data on the company’s IC prod-
ucts—Ilinear, Mos, and digital. Among
the products listed are op amps, volt-
age regulators, communication cir-
cuits, TTL 54/74 circuits, TTL MSI

18182 Wiio} J10ys

types, MOs memories, analog switches,
and logic elements. Applications in-
formation and specification guides are
included for each. National Semicon-
ductor Corp., Marketing Services
Dept., 2950 San Ysidro Way, Santa
Clara, Calif. 95051.
Circle 345 on Inquiry Card

Power supplies supplement

A 16-page supplement to Catalog
B-678 covers Ic regulated power sup-
plies. Details are given for voltage
regulators, current regulators, oper-
ational power amplifiers, computer
power supplies, and precision voltage
standards. Kepco, Inc., 131-38 San-
ford Ave., Flushing, N.Y. 11352.
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Magnetic memory element

Engineering Bulletin MP-10 de-
scribes a new plated wire magnetic
memory element. The 2-page data
sheet gives specs, design hints, and a
table of test pulse amplitudes and
driving currents for two plated wire
grades. Indiana General Corp., Sales
Dept., Electronics Div./ Memory Prod-
ucts, Crows Mill Rd., Keasbey, N. J.
08832.
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Careers catalog

A 384-page manual lists and de-
scribes a variety of engineering and
industrial correspondence courses. Al-
though the courses aren’t intended for
graduate engineers, the catalog will
be a great help to engineering super-
visors who must design training pro-
grams. International Correspondence
Schools, Scranton, Pa. 18515.
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Product directory

A 48-page reference lists the com-
pany’s products and sales offices. It
also features purchasing information
and technical data. The latter includes
a conversion factors table; a list of
mathematical constants; a bare cop-
per wire table; a list of decibels and
power, voltage, and current ratios; a
table on the international system of
units adopted by NBS; and other help-
ful data. Beckman Instruments, Inc.,
Electronic Instruments Div., Techni-
cal Information Sect., 2200 Wright
Ave., Richmond, Calif. 94804
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Network analyzers

“Low-Frequency Network Analysis
with the 675A/676A,” a 13-page ap-
plication note, discusses the basic
measurements that can be made with
these instruments. It describes how
HP’s Model 675A sweeping signal
generator and Model 676A phase/
amplitude tracking detector work to-
gether to measure the gain/attenuation
and phase response characteristics of
networks. Also shown is how these
techniques are applied to the measure-
ment of gain, insertion loss, envelope
delay, and common-mode on a swept-
frequency basis. Inquiries Manager,
Hewlett-Packard Co., 1501 Page Mill
Rd., Palo Alto, Calif. 94304.
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Relays

“Break the Cliché Habit” is the
title of a 10-page booklet that pro-
vides relay application hints and an in-
sight to improved relay specifications.

“write the entire specification around one sample..”

Such factors as sensitivity, contact
configurations and ratings, environ-
mental conditions, and mounting
methods are considered. Photographs
and drawings humorously illustrate
the clichés that restrict the proper use
of relays. Ohmite Mfg. Co., 3601
Howard St., Skokie, I1l. 60076.
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Precision switches

Catalog No. 2023 covers a range
of unlighted switches for aerospace,
aviation, military, industrial, and com-
mercial equipment. The 8-page bulle-

tin includes electrical and mechanical
characteristics, dimensions, and order-
ing information. Master Specialties
Co., 1640 Monrovia, Costa Mesa,
Calif. 92627.
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Pulse transformers

Type 55Z DST pulse transformers,
a series of low-power wideband de-
vices, are for use in digital circuits,
radar equipment, electrical calcula-
tors, and computers. An 11-page bul-
letin (No. 40351) gives design infor-
mation so that users can optimize
circuit performance by giving exact
specifications of transformers to meet
their individual circuit needs. Sprague
Electric Co., Marshall St., North
Adams, Mass. 01247.
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Coppermetals index

The 12th edition of the “Copper-
metals Specifications Index” is divided
into three sections. One lists the com-
pany’s most generally used alloys and
products, together with applicable
specs. Another section of the 32-page
index lists specs in numerical order.
A third lists the alloys in numerical
order and includes their nominal
chemical compositions. Anaconda
American Brass Co., Box 830, Water-
bury, Conn. 06720.
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Heat shrinkable materials

A 12-page brochure covers Scotch-
Tite® heat shrinkable insulation sys-
tems. Products include tape, tubing,
and film. Especially useful is a 4-page
table of specs for these products. 3M
Co., Dielectric Materials & Systems
Div., 3M Center, St. Paul, Minn.

Circle 355 on Inquiry Card
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Computer programming

If you need an introduction to pro-
gramming, you will want to obtain
this 425-book. It contains a complete
course on programming digital com-
puters, particularly the PDP-8 family.
Digital Equipment Corp., Dept. P,
146 Main St., Maynard, Mass. 01754.
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Plastic fasteners

Engineering data on a range of
plastic fasteners — including screws,
nuts, washers, screw insulators, and
rivets—is given in a 12-page catalog.
Also described are plastic-headed metal
machine and self-tapping screws. De-
tails on individual fastener types, and
on engineering properties of nylon
and other thermoplastics used by the
manufacturer, are supplied in Catalog
No. 2031. Gries Reproducer Co.,
Div. of Coats & Clark, Inc., 400
Beechwood Ave., New Rochelle, N.Y.
10802.
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Plating process

A specialized plating process—
called “Zone Controlled Plating”—is
the subject of a 6-page brochure.

Controlled
Plating

anivmsns sbd ity atmininuns costt

Principles and advantages of the tech-
nique, as well as case histories, are
detailed. Burton Research Labs., 11240
Playa Ct., Culver City, Calif. 90230.
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Digital systems

“Digital Systems Come of Age” is
the title of the prime article in this
15-page issue of “Service Scope.” It
describes a family of digital system
components that meets IC testing needs
in manual, semi-automatic, and fully-
automated measurement systems. An-
other article, titled “Verifying Oscil-
loscope Performance,” discusses the
factors which contribute to measure-
ment accuracy. There is also a Serv-
ice Notes section. Tektronix, Inc.,
Box 500, Beaverton, Ore. 97005.

Circle 359 on Inquiry Card

ANALOG ~DIGITAL
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Pastoriza
Model ADC-10F
Converter

combines
10-bit resolution
with1 MHz

speed.

Here’s the ideal mix of speed and
resolution for real-time processing
jobs. All elements including refer-
ence power supply, high-speed
switches, resistor network, compari-
son amplifier, and TTL integrated-
circuit logic are contained in this
single plug-in module.

Applications for the ADC-10F’s
1 MHz sampling capability include
digital processing of radar data,
high-speed analysis of radar pulses,
and conversion of analog data for
direct consumption by a core mem-
ory. The ADC-10F is also ideal for
use with Pastoriza’s SHA-Il Sample-
and-Hold Amplifier for strobing and
converting video signals for com-
puter use.

Write or call for prices
and full specifications.

PASTORIZA
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New Isolated Power Supply

Model FREOOI8 . . . . . . 128 Vdcoutput
Model FRI.O0I5 . . . . . 420 Vde output
Model FRI-0014 . . . . . . -+15 Vdc output
Model FRI1-0012-1 . . . 10 Vdc output

Input voltage: +°8 4 Vdc

Temperature drift; =0.002% /°F from —65°F to
+200°F

Size: 1267 x 114" x 34"

Plug-in mount

Priced from $110 each

These new instrumentation quality power supplics may be just the references you need for your de-de
excitation and input/output isolation applications, Highly reliable, they're not drifters . . . they perform
beautifully over a wide temperature range. Equally important, you can’t match them anywhere at the price.
Other excellent references offered include isolated multiple output power supplies for portable, airborne
and space applications.
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55 MHz

Video Amplifier

Integrated
Circuits

RCA-CA3040 now opens a new era in monolithic device
design for high-gain, wideband performance. This new
linear integrated circuit offers high input impedance,
emitter-follower output, and exceptional stability over
the full =55°C to +125°C operating temperature range.
Check these significant CA3040 performance highlights:

« 37 dB typ. differential push-pull voltage gain

- 31 dB typ. single-ended voltage gain

* 55 MHz typ.—3 dB bandwidth

- useful gain to 200 MHz

« two bias options for temperature compensation
constant DC output voltage
constant differential voltage gain

» 150 ko typ. input resistance

« 0.5 Veus typ. output swing voltage

Look into CA3040 now for performance and economy in
video amplifiers, Schmitt triggers, modulators, IF
amplifiers, high-speed sense amplifiers, product
detectors, and instrumentation amplifiers.

For details, contact your local RCA Representative or
your RCA Distributor. For technical data, write RCA
Electronic Components, Commercial Engineering,
Section|cJ-3,Harrison, N. J. 07029.

...and Check These RCA Wideband Amplifiers

CA3001 For video, IF, and DC

29 MHz typ. —3 dB BW $3.35 (1,000 units)
CA3002 IF and video ampl

11 MHz typ. —3 dB BW $2.25 (1,000 units)
CA3021 4 mW power drain @ 6 V

2.4 MHz typ. —3 dB BW $1.90 (1,000 units)
CA3022 12.5 mW power drain @ 6 V

7.5 MHz typ. —3 dB BW $1.60 (1,000 units)
CA3023 35 mW power drain @ 6 V

16 MHz typ. —3 dB BW $1.55 (1,000 units)
CA3020 /2-watt “Universal” ampl

8 MHz typ. —3 dB BW $1.55 (1,000 units)
CA3020A 1-watt “Universal” ampl

8 MHz typ. —3 dB BW $1.98 (1,000 units)

RCA-CA3040 in 12-lead TO-5 style package
$2.95 (1000 units)
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