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POWER SUPPLY
MOUNTING SYSTEM

The Kepco 4-in-a-rack hardware system offers a flexible
means for combining various sized power units in standard
rack dimensions.

Kepco's RA—24 s
houses lots of different
power regulators in the
popular quarter-rack and
half-rack sizes.

Panel adapters make easy the assembly of power
modules into custom multioutput combinations.

cps / J GE Kepco's extensive JOE and CPS inventory

provides 36 different voltage regulating power supplies in models from
6 volts to 100 volts, 1 ampere to 90 amperes, in quarter-rack, half-rack
and full-rack sizes. A precision |I-C regulating amplifier delivers 0.0005%
line, 0.005% load regulation. All models are fully programmable and are
available in fast-programming models also.
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- f o, ® ¢ B o F The unique Bipolar Operational Power Amplifier/
O \)@ ﬁ @ -| Power Supply provides four quadrant operation with outputs of + to

—36 volts and + to —72 volts at 1.5 amperes and +5 amperes. The
BOP’s will deliver full output modulated from d-c to 20 kHz. The front
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" o 5 - panel of the metered models is a complete operational patch board with
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1 . summing inputs and adjustable feedback.

g lute display accuracy with 0.0005% line and 0.001% load regulation

py
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(0—1 ampere). The readout is a clear, easy-to-read digital display from

= Il | 0773 H ‘ 10773 H pv S This low-cost, 4% digit calibrator features 0.02% abso-
®
| © © 0 © © 0 © O

B 00006CG = o 5 0.0000 volts to 100.00 volts in three factor-of-ten ranges.
S o brid)
= Dps [Hy ri Three of the highest voltage op-amps
going! 0—500 volts/40 mA, 0—1000V/20 mA, 0—2000V/10 mA. Al
o feature Kepco's operational patch panel making input and feedback

® @ . ® ® connections easy. Gain >0.5 x 10° V/V; slewing rate >1V/usec.

) Dp D/ D pn A digital programming systeh offering a

©
/ L / Ll 3% digit, 4% digit or 5% digit computer interface for any of the JQE,
ﬁ ‘ CPS, BOP, OPS and many other Kepco supplies. Serial or parallel input
; E Iﬂ @ @E @ i » i formats with keyboard input too.

NOW YOU CAN RACK UP POWER AND SUPPORT EQUIPMENT SIMPLY AND
EASILY IN A FLEXIBLE MOUNTING SYSTEM. FOR SPECIFICATIONS AND
APPLICATIONS NOTES — WRITE DEPARTMENT DG—19 ®

KEPCO, INC. o 131-38 SANFORD AVENUE e FLUSHING, N.Y. 11352 « (212) 461-7000 « TWX #710 582 2631 . Cable KEPCOPOWER NEWYORK
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For proven performance...small size...moderate cost...

order METFILM ‘F’
ORANGE DROP
APACITORS

® Space-saving metallized PETP polyester-film capacitors with
excellent capacitance stability, high insulation resistance ® Capacitor
sections assembled under controlled atmospheric conditions and
protected against moisture by a wax-free conformal coating of epoxy

® Radial leads, straight or crimped, for mounting on printed wiring

boards ® Voltage ratings, 100 thru 600 volts d-c ® Operating temperature
INFORMATION RETRIEVAL NO. 4 range, —55 C to 485 C ® Request Engineering Bulletin 2040

4SC-9159

For low-cost capacitors to cope with corona...

use HIGH-VOLTAGE
TELECAP DIFILM
CAPACITORS

® Expressly designed to minimize corona effects in high voltage
circuits ® Well svited for oscilloscopes, power supplies of electronic
precipitators, electrostatic copying machines, and similar devices

® Series-wound paper/PETP-polyester film dielectric section provides
higher ripple voltage capability than conventional extended-foil
construction ® Thick-walled pre-molded phenolic case prevents oil
seepage ® Voltage ratings: 3000 thru 10,000 volts d-c ® Request
INFORMATION RETRIEVAL NO. 5 Engineering Bulletin 2011

45C=9160

For Engineering Bulletins as noted above, write to:

Technical Literature Service, Sprague Electric Co., 233 ®
Marshall Street, North Adams, Massachusetts 01247

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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CINCH-
GRAPHIK

your multilayer man
for volume production

Twenty million boards a year make Cinch-Graphik
the world’s largest independent producer of
printed circuits. The industry’s most advanced
equipment, including an exclusive, 6-ton, 28 foot
multilayer camera is housed in a 125,000 square
foot plant that has capacity for additional volume
production.

For information on how Cinch-Graphik can
produce precision boards in volume, for you,
contact your Cinch—Sales District Office or
Cinch-Graphik, 200 South Turnbull Canyon Road,
City of Industry, California 91744, Telephone,
(213) 333-1201.

' CINCH-GRAPHIK '

DIVISION OF UNITED-CARR

CINCH MANUFACTURING, CINCH-GRAPHIK, CINCH-MONADNOCK AND CINCH-NULINE DIVISIONS OF UNITED-CARR INC.. A SUBSIDIARY OF TRW INC. CG-7008
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Electrical integration—introduced by
Barrie Gilbert of Tektronix at the
ISSCC—substantially reduces the area
taken by ICs. The cover shows a & x
9-mil region with three stages of one
decade of a 4-decade counter with
memory and d-a conversion. The
pear-shaped regions are buried layers
that couple collectors of npn drivers
to bases of pnp transistors. Story on
page 32.
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Copy is ‘“spotted’’ with fiber optics

Light spots passing through fiber optic bundles are the heart of a new
facsimile transmitter.

MOS integrated circuits . . . part three
This issue includes the Third installment of a six-part course on integrated
circuits made with metal-oxide semiconductors (MOS).

Interfacing MOS and bipolar logic

These circuits can help you ease the communication problem between MOS
and bipolar.
By Tom Reynolds

MOS arrays in a data terminal

MOS and data terminals—here's why one company thinks they are a winning
combination.
By Richard Perrin

MOS shift registers in arithmetic operations

Here's how the new generation of desk calculators uses MOS.
By Jack Irwin

Modern techniques of analog multiplication

Multiplier differences in construction and performance mean a wider choice for
you.
By Tom Cate

Variable frequency multivibrator has wide range

With this circuit you can get wide frequency range with variable frequency
capabilities. Exact component values can be easily calculated with the given
formulas.

By R. J. Surprenant

IC Ideas
® Low frequency, sine wave crystal oscillator ... by Richard S. Baggett
® Op amp makes unique one-shot .............. by Maxwell Strange
® TTL compatible lamp driver . ..................... by Hal Koester
® Zero input impedance preamp .. ............... by Albert E. Hayes
® One-shot triggers on both edges of input .. ......... by Ken Erickson
® Op amp phase shifter for O or 180° ... ...... .. ... .by Irwin Cohen

Low-frequency sweepers beat their way upstream

Latch on to phase-locked loops

The first monolithic, phase-locked-loop ICs are here. A big system on a little
chip, each package holds all the components of the classical loop: phase com-
parator, error amplifier, lowpass filter, and VCO.
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now available.. .7INNO\IATIVE

“APPLICATIONS OF
INTEGRATED CIRCUITS
TO COMMUNICATIONS

In response to popular demand, we are making available
the proceedings of the recent seminar and workshop on
the “APPLICATIONS OF INTEGRATED CIRCUITS
TO COMMUNICATIONS” which was sponsored by
The Electronic Engineer.

Moderated by J. Lightsey Wallace of the Atlantic Re-
search Corporation, the seminar included a series of
papers which included 7 innovative approaches to prac-
tical applications of the new families of ICs to communi-
cations and consumer products.

The papers cover the following 7 subjects:

AGC—It’s the Old Dy- Applications of a Low-
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namic-Range With Good
Signal-to-Noise Trick
Jack MaclIntosh
Tom Mills
Fairchild Semi-
conductor

The Phase-Locked Loop
Arthur Fury
Signetics Corp.

AM/FM Receivers with
ICs
Ronald W. Lutz
Sprague Electric Co.

Large-scale Integration of
TV Circuits
S. Gertzis
Amperex Electronic
Corp.

Power Operational Trans-
conductance Amplifier
(OTA) IC Array in Com-
munications Systems
H. A. Wittinger
RCA Electronic
Components

Integration of Complex
Functions
Ted Hanna
National Semi-
conductor Corp.

Modulation, RF/IF Am-
plification, and Multi-
plexing
Roy Hejhall
Motorola Semiconduc-
tor Products, Inc.

These innovative and practical approaches have attracted
so much attention in the technical community that they
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Unitek Boner Sck UpBest

Build your bonding line with the
source that's proven best in the
field ... take UNITEK

In case after case of tough on-line
comparison testing, more lead-
ing firms take UNITEK because
they've proved that when the chips
are down you get the Best Chance
for the Best Choice...here's why
... flexibility, repeatability, and
service in-depth.

UNITEK man and the entire
UNITEK Applications Labora-
tory team of bonding special-
ists can make life a lot easier
out there on the line.

UNITEK stacks-up best... has
for over twenty years...there's
bound to be a proven UNITEK
bonder for you...get more
facts by contacting your near-
by UNITEK man or UNITEK/
Weldmatic Division, 1820 So.

First, you get wider work-choice
options. Each UNITEK bonder is
built for production-versatility . . .
handles all package types by
simply interchanging optional acces-
sories. Single units, rack-feed or
automatic strip-feed handling of con-
ventional packages...hybrids, too,
all available on virtually every bonder.
Take exactly the options you need
now ... add later when you need to...
the closest thing yet to custom mak-
ing your production line.

Myrtle Avenue, Monrovia, Cali-
fornia 91016. Telephone:
(213) 358-0123;: TWX: 910
585-3236.

The Best Chance

for the Best Choice

UNITEK

Pinpoint repeatability is another very
bigreason. Prototype workorline
work, it’s guaranteed by exclu-
sive rugged, durable UNITEK
construction, perfect process
controllability and ultra-simple
operation. Training and mainte- "
nance stay low. .. rates and yields | . .
stay up...lot-run after lot-run.

Third . . . service . .. expert guid-
ance you can count on; after you
specify as well as before. Your

The Electronic Engineer + April 1970
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Why the

bankers gave
us the money:

From left: W. Jerry Sanders Ill, President and Chairman of the Board. D. John Carey, Managing Director of Complex
Digital Operations. Sven E. Simonsen, Director of Engineering, Complex Digital Operations. Frank T. Botte, Director of
Development, Analog Operations. James N. Giles, Director of Engineering, Analog Operations. Edwin J. Turney, Director
of Sales and Administration. Jack F. Gifford, Director of Marketing -and Business Development. R. Lawrence Stenger,
Managing Director, Analog Operations.




At a time when credit couldn’t get
any tighter without twanging, when
the semiconductor industry needed
another bunch of hotshots like you
need a power failure, a new company
got the Bank of America, Schroder
Rockefeller, The Capital Group, Inc.
and Donaldson, Lufkin & Jenrette to
give it enough cash, enough credit,
enough commitment to make the new
company a serious marketing factor
before its first anniversary.

This is what we told them:

1 We are hotshots.

If you have to call us names, that’s
as good as any other.

As individuals and as a growing
team, the members of this company
invented circuits, processes and
markets. Each has had a serious
technical or marketing position with
a major semiconductor firm. Each has
his own commitment to excellence.

Let’s face it: That’s why we got
together.

OWe know what

we're doing.

We’re in the large chip MSI and
LIC business. Period. No jelly beans.
No 10,000-gate freaks. Only the tough-
to-make, easy-to-utilize mainstream
circuits.

We selected the best people in the
business to build (to our specifica-
tions) a processing facility that was
optimized for the precise, complimen-
tary process control requirements of
complex, high performance digital
and linear integrated circuits.

We decided to make only one
quality of circuit: mil spec reliability
or better. By this concentration of
technical resources, we're able to get
yields that let us sell circuits which
meet the most stringent military

reliability requirements and the
equally stringent pricing require-
ments of the commercial market.

And it feels so good, we’re going
to keep it up.

Oh, yes. Out of our checkered pasts
we remembered that there was a
kind of annoying difference between
employees and owners. So we fixed it.
Every employee here is an owner.
(As amatter of fact, every owner is
an employee except for the bankers.)

3We know who

you are.

You’re in the fastest-growing part
of the market; probably the computer
and peripheral equipment business.

You’ve been had by experts, so
you're ready to listen when we say:

We’ll never announce a product
that isn’t in high volume production,
in-house qualified through docu-
mented electrical and mechanical
life testing, 1009, stress tested to
MIL STD 883 and in
inventory.

The other reason we got the money
is that we told the bankers we’d
introduce complete product lines—
digital and linear—for sale in volume
before we are a year old.

And we will.

Advanced

Micro Devices Inc.

901 Thompson Place, Sunnyvale, California 94086
Established May 1, 1969

Advanced Micro Devices has
perfected the production technology
of complex, mainstream digital and
linear monolithic circuits.z'
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Play Sierra’s

““Pick-A-Signal-

Generator’’
Game

Place an X in each square describing a feature you
think desirable. Playing time: 15 seconds.

Selection of units
offering variable
frequency coverage
(in MHz) of 50-200,
200-500, 500-1000,
1000-1800, and
1800-2500.

Front-panel
metering of grid and
cathode current.

w
& MA
i
e v

FUNCTION

o 4
® gtk
SEAT. LR

®

£5 OUT

Maximum power
output from 70 watts
(at 400 MHz) to

Logging scale for
accurate frequency

All-solid-state
circuitry (save for
final output tube,

Monitor output
35 dB down from

for CW, internal and
external square
wave, and pulse-

modulated outputs.

Front-panel metering
of power output.

15 watts resetting. which takes only a main signal.
(at 2500 MHz) few minutes
to replace).

Built-in capability Compact—

Automatic protection
against no-load
conditions.

63/ x 10 x 1814 inches
(23 inches with
optional 220-volt
transformer).

A potentially profitable pastime for players who make
a serious living of testing and calibrating VHF, UHF,
and microwave power-measuring equipment.

We could have called the game Monopoly, but some-
body else already had it. After all, we are the only
company with a monopoly so far on high-power signal
generators having all the features above.

So we'll call our game “‘Sierra.”” Sort of fits.

The rules are simple. All you do is check off those
features that would appeal to you in a commercial line
of high-power signal generators. Begin when ready.

8 Circle 12 on Inquiry Card

For complete information telling why Sierra’s **Pick-
A-Signal-Generator’' game can make you awinner—and
isn't a game to us — write Philco-Ford Corporation,
Sierra Electronic Operation, 3885 Bohannon Drive,
Menlo Park, California 94025. Or call (415) 322-7222,
extension 329.

PHILCO

THE BETTER IDEA PEOPLE IN INSTRUMENTATION
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EE[EDITORIAL|

Electronic isolationism by default

The lights of the New York Coliseum were still warm after this year’s IEEE Show,
and the equipment exhibited still in transit back to its manufacturers, when the
Salon International del Composants Electroniques—the largest electronic com-
ponents show in Europe—opened its doors this month in Paris. About one fifth
of the component manufacturers that exhibit in Paris are American, hoping that
their excellent product will capture a portion of the fast rising demand for com-
ponents in Europe. But, will they?

- There is no question that new components, such as new medium-scale integrated
circuits, high density miniature connectors, new resistive compositions for hybrid
circuits and the latest methods to wire computer back panels will always attract
the attention of foreign electronic engineers. as long as they remain unchallenged
outside the U.S. But, what about the transistors, diodes, capacitors, resistors, con-
nectors and even some of the popular integrated circuits that actually account for
the bulk of the expanding market? Will they be able to compete with those made in
Europe and Japan on the basis of quality or even price? Or, as is becoming more
evident, will government regulations determine their fate?

Richard Simpson, Deputy Assistant Secretary of Commerce, feels that U.S. com-
ponents need the backing of a strong national standards’ institute if they are going
to penetrate international markets. Such an institute would be in a position to inter-
face with those agencies that control the qualifications of electronic components in
their countries. In France, for example, this activity is coordinated by the Bureau
d’Homologation of the Comité de Coordination des Télécommunications (CCT)
—an agency of the French Government.

The charter of this agency looks like a combination of the involvement of the
EIA, RETMA, and the DoD with electronic components. The specs that CCT
writes are technically comparable and for the most part based on MIL specs. The
types of semiconductors the Bureau d’Homologation approves are mostly 1N and
2N numbers. Its CCQ (Controle Centralisé de Qualité)—a sample testing of elec-
trical parameters, coupled with standards for production testing—is similar to the
quality control implemented by many U.S. manufacturers, although it is less strin-
gent (and less expensive) than the requirements for a QPL.

The difference, then, is one of authority. The DoD writes MIL specs in this coun-
try but they do not apply to non-military equipment. The EIA committees approve
types, but cannot enforce them. And neither can the central standards institute,
ANSI (American National Standards Institute), which recently had to drop the
initials “US” from its name to avoid conveying the impression that it had govern-
ment backing. The French CCT, on the other hand, is a government agency and
nobody questions its right to speak for the French at international transactions.

The institute Mr. Simpson proposes, then, should be a government agency, and
the Department of Commerce should sponsor it, instead of merely propose it. Other-
wise we will fall back into electronic isolationism for failing to face the challenge
of a worldwide market. The manufacturers of these components need the help of
our government, and international trade is indeed the proper arena where govern-
ment can help. American components that are not competitive in price and quality
won’t make it abroad anyway. But those that are, need someone to back them up.
Not just someone who can attest for their quality, but someone with teeth.

Albesfo Soco/ovrh/
Editor
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New for information transmission .

IT HAPPENED LAST MONTH ...

The editors of THE ELECTRONIC ENGINEER have sifted through the various
technical and significant happenings of the past month and selected the items

that would be of the most interest or use to you.

Plastic that behaves like a metal . . . The first off-

spring of a new generation of high temperature
plastics has been sired by the Carborundum
Company. Named Ekonol, it is a sprayable
polymer, resistant to over 600°F, self-lubricat-
ing, solvent resistant, and has good thermal
conductivity and low thermal expansion. The
development of Ekonol grew out of a need for
high-temperature polymers for abrasive sys-
tems. It is said to be the first polymer that can
be plasma-sprayed, as well as formed by high
speed metallurgical techniques. Its stiffness is
about twice that of other polymers, and it will
be available in powder form and basic shapes.
Applications include use in high-temperature
electrical and electronic parts.

. . Hard copy,
8% x 11 facsimile can now be transmitted over
ordinary telephone lines in 50 seconds or less
and, in many cases, at a cost less than that of
a special delivery letter. Comfax and Computer-
Pix Corps. have developed two systems for
transmission of hard copy and a third for micro-
film, microfiche, and microform. This faster
speed over telephone lines is possible because
of three new electronic devices, for which pat-
ents have been issued. The key to the system
is an unusual variable-velocity scanner, which,
in effect, “‘skips” bright space and transmits
only opaque, informational material. It works
fast enough to verify signatures in less than 20
seconds. Comfax and ComputerPix are located
at 770 Lexington Ave., New York, N.Y. 10021.

Microwave entries . . . Come summer, look for Fair-

child Microwave and Optoelectronics to market
power transistors for 1- to 2-GHz operation
at power levels to, and perhaps beyond, 10 W.
The same house will also show low-noise ampli-
fier types with very high gain bandwidth prod-
uct. Siliconix Inc. also has joined the game via
acquisition of key personnel from Microwave
Associates (West) who chose not to accompany
its semiconductor division when it moved from
Sunnyvale back to Burlington, Mass. Siliconix
will shortly market L-band FETs, a binary (two
distinct capacitance states) varactor, a snap

varactor for pulse shaping, and a number of
Schottky-diode devices.

Portable CRT terminal . . . Logiport/I, Logitron

Inc.’s first product, is said by the company to be
the industry’s first portable CRT terminal. It
weighs 25 pounds, includes an alphanumeric
keyboard and an integral acoustic coupler. As
portable as a stereo, it can provide most of the
operating features of larger, high priced console

Proton-bombarded photodiodes . . .

The Air Force needs you . .

Global communications market . .

terminals. The unit is directly interchangeable
with a teletype, and doesn’t require re-pro-
gramming on any system. Its design includes a
semiconductor memory, a Mos character gen-
erator, and a 5 x 7 in. cathode-ray tube display.
The display provides sixteen 32-character lines
for a total of 512 characters. Logiport/I has
been priced at under $3,000 by the Cambridge,
Mass. firm.

The Lincoln
Lab of MIT has produced photovoltaic detec-
tors of indium-antimonide by bombarding
p-InSb with protons. Proton bombardment
forms an n-type layer, 1 wm thick, with an n-p
junction of high quality. The interest in n-p
diodes of InSb (and on other II1I-V compounds
such as GaAs) stems from their excellent photo-
voltaic properties. For example, the black body
detectivity of the diodes made by Lincoln Lab
is > 10" Hz%cm/W in the infrared, from 2 to
6 wm. Since n-p diodes of InSb cannot be dif-
fused, and p-n diodes of the same material
suffer from surface-state problems, proton bom-
bardment opens the possibility of a reliable
production method for such diodes.

. The Air Force Sys-
tems Command has closed its area scientific and
technical liaison offices (STLO’s). But the Air
Force Technical Objective Document (TOD)
Program will be continued. They invite indus-
try to participate in this program. Through the
TOD program, the Air Force communicates
with academic, scientific, and industrial research
& development organizations. Each document
contains technical objectives describing existing
or anticipated Air Force requirements. USAF
welcomes the ideas, initiatives, and proposals
of industry that can help them meet the diversi-
fied technological challenges of today and to-
morrow. For additional information address the
following: Attn: TOD Program, Rome Air
Development Ctr., Griffiss AFB, N.Y. 13440.

. Robert W.
Sarnoff, Chairman and President of RCA, has
called for the creation of a global common mar-
ket of communications that would transcend
narrow national interests. He warned that fail-
ure to act promptly on a common communica-
tions policy could result in chaos and cost na-
tions all over the world at least $100 billion
a year, over the next decade, in unrealized na-
tional development, unfulfilled opportunities in
business and trade, and unsatisfied social needs.
As an example, Sarnoff cited the failure so far
to develop a unified global approach to satellite
communications.
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WHY WAIT
FOR
MICA?

KEMET® Flat-Kap capacitors

with Parylene are smaller, more stable,
offer better performance...and they’re
available now!

Is the long lead time on mica from India
holding up shipments of capacitors for your
production line? And do the thick slittings
that are necessary with this natural product
force you to use a large, high voltage capaci-
tor that will only see nine volts in your cir-
cuit? Well, your waiting and wasting days
are all over now.

KEMET Flat-Kap capacitors are smaller
because Parylene is a very thin, ultra-pure
plastic film that can be deposited on high
purity aluminum foil. They’re more stable
because of vacuum impregnation of a solid
dielectric. And, they’re available now, when
you need them, because all the raw materials
used are produced here in the United States.

Performance? Just make a quick compari-
son of an 0.01, F = 1% mica capacitor with a

Parylene Film Flat-Kap.

Size (Max. Dimension)
Volume

T.C. ppm/°C

Stability (typical long-term)
D.F.

IR

Cure Material
Specification

ACTUAL SIZE
MICA FLAT-KAP
.830 x.920 x .450 .310 x .515 x .140
0.34 in3 .022 in3
Oto+70 0+50
0.1% 0.2%
0.2% 0.3%
100,000 Meg. 100,000 Meg.
Dipped Phenolic Molded Epoxy
MIL-C-5 MIL-C-5514

So why wait for mica when Flat-Kaps are now available in capacitance ranges from
0.001 to 0.22 . F at 50 V DC, with radial or axial leads for easy replacement on your
substrate? See your local Union Carbide Representative for complete information.

COMPONENTS DEPARTMENT

UNION

CARBIDE

P.O. Box 5928, Greenville, South Carolina 29606. Tel.: (803) 963-7421 TWX: 810-287-2536 THE DISCOVERY COMPANY
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UP TO DATE

Copy is “spotted” with fiber optics

Light spots passing through fiber optic bundles
are the heart of a new facsimile transmitter.

A facsimile transmitter that relys on fiber optics for con-
tinuous scanning of copy has been developed at ITT
Research Institute for the U.S. Army Electronics Com-
mand. An endless belt moves the copy through the
scanner, beneath a fiber-optic scanning bar. Over-sized
or folded copy, such as maps and copy of varying thick-
ness, runs through without skewing.

Two prototypes differing basically only in size, were
delivered to the Army. Maximum scanning width is
8.5 in. for the smaller transmitter and 18.625 in. for
the larger model.

The scanning bar is made of three parallel rows
of fiber-optic glass fibers positioned side by side.
The center row of fibers illuminates the copy by
transmitting light to it from an incandescent source.
The other two rows collect light reflected from the copy.
Copy passes beneath the bar at a distance of 0.003 in.
(75 pm) from the ends of the fibers.

The opposite ends of the row of illuminating fibers
are gathered into a circular array (fig. 1), formed
around a stationary cylinder. (The cylinder’s circum-
ference is equal to the length of the scanning bar.) Light
from a small bulb is focused into the end of a single
crank-shaped rotating fiber which distributes the light
sequentially into the ends of the circular array fibers,
one fiber at a time. These fibers convey the light to the
copy.

The sequential order of the illuminating fibers is pre-
served in the circular array. Therefore, when the crank-
shaped fiber is rotated three times/second, an illumina-
tion spot moves across the copy three times/second.
With each traverse the copy is advanced 2 in./min.
(The scanner can go at a much faster rate, but the
phone lines cannot handle the data at higher speeds.)

Light reflected from the copy is collected by the two
rows of fibers flanking the illumination row. These fibers
lead to a detector, where the optical signal is converted
to an electronic signal by a photodiode. The resulting
signal is modulated and amplified for transmission over
phone lines at 2400 Hz.

Fig. 2: Facsimile scanner using fiber optics can handle any
length of copy for transmission over phone lines.

12

(D PHOTODETECTOR

(@ IMAGE PICK-UP FIBERS
@ copY

(© ILLUMINATION FIBERS

(® ROTATING, CRANK- SHAPED
SCANNING FIBER

(® LIGHT SOURCE

Fig. 1: Sketch and photograph shows fiber optic bundle used
in new facsimile scanner. Light is passed through a rotating
fiber (5) to individual fibers of the circle (4) to the copy to
be transmitted. Reflected light is picked up by “light receiv-
ers’” (2) and converted to electrical signals.
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Local one-stop shopping
for linear ferrites.

Only from Ferroxcube.

Only Ferroxcube gives you nation-
wide ferrite Stocking Centers for
fast local off-the-shelf delivery.
These Centers are loaded with the
industry’s broadest line of linear
ferrites. Pot cores, toroids, E,U,
and | cores, H-cores, shielding
beads and RF chokes in an un-
matched variety of sizes and ma-
terials.

This stock includes our money-
saving new ready-coated toroids
...among them our 3E3 type with

STOCKING CENTERS: Burbank, Calif.—(213) 849-6631

Purdy Corp., (303) 794-4283; Huntsville, Ala.—Cartwright & Bean
432-2131; Minneapolis—(612) 920-1830; No. Miami Beach—Cartwright & Bean, (305) 945-2962
N.Y.—R. P. Kennedy Co., (716) 271-6322; Saugerties, N.Y.—(914) 246-2811: St. Louis—Thomas & Modricin

The Electronic Engineer « April 1970

Chicago
York—Kahgan Sales, (516) 538-2300; Philadelphia—Eastern Components, (215) 927-6262; San Francisca—Wm_ J. Purdy Corp., (415) 347-7701; Woodsteck, N.Y.—EIna Ferrite Labs,
(914) 679-2497; Toranto, Ont.—Philips Electron Devices, Ltd., (416) 425-5161

SALES OFFICES: Atlanta—Cartwright & Bean, (404) 237-2273: Baltimore—Eastern Components, (301) 322-1412; Cedar Rapids

permeability of 12,500, the highest
on the market.

In short, we give you the widest
selection and stock it closest to
you. With this unique one-stop
shopping, you can turn a design
or production crisis into a picnic.
Just check the bottom of this ad

(312) 832-0450; Dallas—Gillett Industries, (214) 363-0107

(205) 852-7670; Hyde Park, N.Y.—R. P. Kennedy Co.,

for Stocking Center locations.

And remember, these are Fer-
roxcube ferrites. Made to the
tightest tolerances in the business
by the oldest, largest supplier of
linear ferrites.

Write now for complete tech-
nical literature on Ferroxcube
linear ferrites, and take your pick.
We’ll make your shopping cart go
like a Ferrari.

Ferroxcube @

Saugerties, New York

A NORTH AMERICAN PHILIPS COMPANY

Needham Heights, Mass.—(617) 449-1406; New

-Thomas & Modricin, (319) 377-6261; Denver—Wm. J.

(914) 229-2269; Kansas City—Thomas & Modricin, (913)
Orlando—Cartwright & Bean, (305) 425-8284; Phoenix—(602) 264-3129; Rochester,
(314) 338-6446
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Decimals: Autopoint and scientific notation.

__ fifffilillliii

Automatic entry of e and 7.

Ten directly addressable
storage registers

ssssssss

Programming: Up to
128 steps. Conditional
branching and
automatic entry of
programs with card reader.

Model 1655. Size: 13" x 132" x 6Y2".

Announcing an important break-
through for engineers and scientists. =
Calculators based on the latest MOS/LSI -
technology. In both printing and display models.
Available in over 350 cities coast to coast.
Supported by more than 3,300



Dynamic range: 10-%?t0 10%%°

- - - \‘ -
- - - -
"R R R ERRRRAN.

Automatic special functions:
a*, Log,/Loge, SIN/COS,
SIN=1/COS™, x!,5,
Radians to Degrees,
Single key 2x, 2x2 N,
Rectangular to Polar Conversion.

::::::

Just plug in
and put it to work.

Weight: Twelve pounds.

sales and service technicians.

Monroe men who know everything

there is to know about calculators.
Because calculators are our only business.
That's how we got our name.

Monroe. The Calculator Company

A DIVISION OF LITTON INDUSTRIES
550 Central Avenue, Orange, New Jersey 07050
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UP TO DATE

Higher frequency GaAs transistor

From the Zurich laboratory of IBM’s Rescarch Division
comes a new gallium arsenide (GaAs) transistor with
a maximum gain of more than 3 dB at 17 GHz. Extra-
polation of data indicates that the maximum oscillation
frequency may be as high as 30 GHz—2.5 times higher
than comparable figures for current models.

The new transistor is referred to as MESFET (MEtal
Semiconductor Field Effect Transistor). It uses a
Schottky barrier gate, rather than the more familiar in-
sulated gate. A rectifying contact is established directly
at the metal-semiconductor’s surface.

To achieve microwave frequencies, the gate is only
I wm wide. This was made possible by combining con-
tact masking and projection masking techniques. In
the final stages, the mask is projected through a high-
resolution microscope lens onto the photoresist. The
transistor’s gate is circular, 1 um wide and 200 um in
circumference, completely surrounding a circular drain.
This is, in effect, equivalent to four gates, each 50 um
long, connected in parallel, and results in a reduction
in gate resistance.

Different leak test for ICs

There’s a new way to gross-leak test 1cs. Sylvania, Wo-
burn, Mass., uses a perfluorinated fluid to do it. The
liquid, called Fluorinert, is made by 3M and replaces
the use of glycerine, ethylene, hot oil, and other less
sensitive and less reliable substances.

Sylvania uses two forms of Fluorinert with different
temperature levels. First, they pressurize the low boil-
ing-point liquid (FC-78), in which the 1cs are im-
mersed, at 90 psig for three hours. After a delay of
not more than one hour, the circuits are then immersed
in a container of higher temperature Fluorinert (FC-
40) at 125° for the leak detection. No more than ten
circuits are examined at one time by the operator.
FC-78 has a boiling point of 50°C; the slightest amount
of it trapped inside a leaking package will readily va-
porize in the hot FC-40 Fluorinert, which has a boiling
point of 155°C. If the package leaks, a string of bubbles
is easily seen.

While the general method of using a low boiling-
point liquid and then placing the package to be checked
into a higher boiling-point liquid is not new, this is the
first time that inert liquids have been used for this
purpose by a volume manufacturer of ICs.

16

A chromium-nickel-gold sandwich forms the gate. Source and
drain are made of gold and gold-tellurium alloy, anchored
to the GaAs by a chromium-nickel layer. Testing reveals a
drain saturation voltage of 2.5 V at zero gate voltage. Drain
saturation current is 38 mA, static transconductance, 65
mA/V mm. Work on the device is continuing at IBM in Zurich.

IC receiving a gross-leak test using an inert liquid.
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MOS BRIEF 10 TR‘I‘G FUNCTION GENERATORS Write: National Semiconductor Corp., 2900 Semiconductor Drive, Santa Clara, California 95051

NN

TRIG FUNCTION GENERATORS

Accuracy is the major design variable of trigono-
metric lookup tables built with MOS read-only
memories. Only a few ROMs are needed for most
practical applications, but accuracy can be made
to increase very rapidly with memory capacity if
interpolation techniques are used.

For instance, without interpolation a single
1024-bit ROM can store 128 angular increments
and generate an 8-bit output that will be better
than 99.9% of the handbook value (Table 1).

BINARY | DECIMAL
ADDRESS | DEGREES | OUTPUT SINE
0 0 .00000000 0.000
1 0.7 .00000011 0.012
2 14 .00000110 0.023
3 21 .00001001 0.035
127 89.3 BARRRRRR 0.996

TABLE 1. MM422BM/MM522BM Sine Function Generator

If one simply cascaded ROMs to improve input
resolution and output accuracy for a high-accuracy
trig solution (X=sin ) as in Figure 1, large num-
bers of ROMs might be needed. This 24-ROM
system stores 2048 12-bit values of sin x (or other
trig functions), giving angular resolution of 1 part
in 2'! (0.05%) and output accuracy of 1 part in
2'2 (0.024%). The system in Figure 2 has the
same resolution and is accurate to the limit of its
12 output bits (0.024%), which makes it just as
good. But it enly requires four 1024-bit ROMs and
three 4-bit TTL full adders, so it only costs about
one-fifth as much as the more obvious solution of
Figure 1.

Instead of producing x = sin 0, the Figure 2 system
divides the angle into two parts and implements
the equation

x =sinf =sin (M + L)

=sin M cos L +cos Msin L

It can be programmed for any angular range.
Assume the range is O to 90 degrees and let M be
the 8 most significant bits of 6 and L be the 3 least
significant bits of 6 (6 being the 11-bit input
angular increments, equal to 90°/2048, or
0.044 deg.) as in Table 2.

With an 8-bit address, the three 256x4 ROMs will
give the 12-bit value of sin M at increments of
M = 90°/2%, or 0.352 degq. The cos L can only vary
between 1 and 0.99998. So we assume cos L=1
and store values of sin M at 0.352 deg. resolution

©1970 NATIONAL SEMICONDUCTOR CORP.

Carl Ross
Dale Mrazek
National Semiconductor
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FIGURE 1. Conventional 2048-Increment Sine Table Uses
24 ROMs

in the top three ROMs, reducing the equation to
sin @ =sin M + cos M sin L

Values of the second term are stored in the fourth
ROM. The maximum value of the second term in
the above equation can only be cosMsin L
=.0.005639 where cos M., =1, sinkta,,
= 0.00539. This is the maximum value to be added
to sin M above. Only the five least significant bits




of a 12-bit output are needed to form the maxi-
mum output, so an MM522 is used in its 128x8
configuration .
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FIGURE 2. Four-ROM Lookup Table Generates 2048
Values of Sin x by Interpolation Technique.

Let the 4 most significant bits of M be called M4
and the angle at these increments be X,,, = 90°/2*
= 5.63 deg. Sin L (the 3 least significant bits of )
has the same maximum as before and cos M, has a
maximum of cos 5.63 deg. =0.99517, and con-
tinuing as follows:

cos (11.26) = 0.98076
cos (16.89) = 0.95686

cos (84.37) = 0.09810

through the 16 increments of M, . Now
sin 0 =sin M + cos My sin L

and the appropriate cos M sin L values are stored
in the fourth ROM. In effect, we have divided the
0° to 90° sine curve into 16 slope sectors with M,
each sector into 16 subsections with M, and each
subsection into ‘8 interpolation segments with L.

Since we are using an approximation, accuracy is
not quite as good as the Figure 1 system. The
additional error term is cos L, assumed 1 but
actually is a variable between 1 and 0.99998. At
every eighth increment, L is zero, making cos M

M
ADDRESS | M, =
0 0

1 1|L=0.044°
2 10
3 11
4 100
5 101
6 1 10
7 1 v

8 110 0 0(m=0382°
& 116 01
e S
W T i ad
32 100/000
64 1000[/000

128 1/0 000[/00 0|M,=563
256 10/0000{000O
512 100/0000(000
1024 1000/0o000/000O
20489 |1t vl vyl oty

TABLE 2. Programming of 2048-Increment Sine Table

sin L=0, and sin x=sin M to 12-bit accuracy. Then
the error rises to a limit of near 0.002% at every
eighth increment where L is 0.352—-0.044. This
error can be halved by adjusting the fourth ROM's
output so that

sin 0 = sin M + cos (M—2.81°) sin L

If five ROMs are used—four MM521's and all eight
outputs of the MM522—15-bit accuracy can be
achieved, and thus improving the accuracy by a
factor of eight. The resolution could also be
smaller, of course, if the angular range were
smaller as in an application involving a sensor with
a limited field of view. Variations of the system
could be used to space the increments irregularly
to compensate for sensor nonlinearities, to im-
prove accuracy in specific angular ranges.

This example has a binary fraction output, like the
sine function generator in Table 1. For instance,
the 8-bit output at the 64th increment repre-
senting sin x =sin 45° is 10110101. This equals
1X 27+ 0X 2% s 952 s 1 X 9% $i0 X %0
+1X27% +0X 277 +1X 278, which reduces to
181/256 or 0.7070. Handbooks give the four-place
sine of 45° as 0.7071, so at this increment the
output is accurate to approximately 0.01%. This
table, the MM422BM/MM522BM, is used in fast
Fourier transform, radar, and other signal-pro-
cessing applications.

Other standard tables that are available off the
shelf include an arctan generator, several code
generators (EBCDIC to ASCII, BCD to Selectric,
and Selectric to BCD) and ASClI-addressed char-
acter generators for electronic, electrical and elec-
tromechanical display and printout systems. All
interface with TTL logic and operate off 12-volt
power supplies. Write for data sheets, or use one of
our programming tables to jot down any special
input-output logic functions you need.

National Semiconductor Corporation
2900 Semiconductor Drive, Santa Clara, California 95051

(408) 732-5000/ TWX (910) 339-9240

NI

1-70 PRINTED IN U.S.A.

National does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied; and National reserves the right, at any time without notice, to change said circuitry.




FOREFRONT

The EE Forefront is a graphical representation of the be improved at the expense of others. If there is no
practical state of the art. You will find here the most figure-of-merit available, we either include other signifi-
advanced components and instruments in their class, cant parameters of the same products, or we provide
classified by the parameter in which they excel. additional bar graphs for the same products.
A word of caution Do not use these charts to specify. Get complete
Keep in mind the tradeoffs, since any parameter can specifications first, directly from the manufacturers.
INTEGRATED CIRCUITS
ﬁ'&"&'ﬁf?? IS New this month
Philco-Ford 9620

Sprague 54H/ 74H
Sylv. SUHL II
Ray II T1.54H/ 74H
Fairchild 9000 Trxnzség Trans. 54H/ 74H Raytheon Ray III

ITT9000 . Fairchild 9300 Ray VI
;':1 Fypieal grop |
= delay-ns |

! 70 6.0 8.2 S0 4.0 2.
(12mW/gate) (9mW/gate) (I7TmW/gate) (22mW/gate)

Amperex FJH 101

Hughes HSM 5400

ITT 5400/ 7400

Motorola MC 5400

National DM7000-8000

NPC 7400

Philco-Ford 7400

Raytheon Ray I

Signetics 35400-N7400

Sprague 54/74 Amelco570

T1.54/74 Sianetic SE400 Natlonal 234, Ameko 500 (175ns)
Trans. 54/ 74 Amelco510 Philco-Ford PL9600 (55ns)

Fairchild 9300 Amelco530

Power dissipation

95 9.0 44 35 20 15 1.0 0.5 0.25 s gate
(75ns)  (32ns) (Ips)

Digital ICs (ECL and special types)

Fairchild CML
T.1.2500
Amperex FKH IIT

MotorquIMIECL-II Motorola MECL III

Mot. MECL-T Fairch. S-WECL
-WECL- CTL RCA CD2150
Typical prop
65 50 40 35 2.2 1.4 0.9 delay-ns

Signetics SP 300A (90mW/gate)

Motorola MECL-1I
S-WECL-1I Signetics

Motorola MECL-I LU-SU300

Fairchild CML
T.1. 2500

RCA UHS/ECCSL

Mot. MECL-TII
RCA CD2150

Amperex
FKH

Power dissipation
0 mW/gate

110 90 70 60 302927 16
(3.5 ns) (0.9ns) (2.2ns) (14ns) (18ns)  (6.5ns) (40ns)
(4.0 ns)

Voltage regulators

National LMIO9
(TO-5 pack)

Trans. TVR2000 National LMIO9
Mot.MI560R (TO-3 pack)

RCA CA3055
Fairchild uA723

Output current

100 150 200 500 1A mA
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FOREFRONT

SEMICONDUCTORS
Silicon power transistors (npn)

Westinghouse 1441 Westinghouse 1401

Power dissipation
200 350 400 600 625 Watts
Delco DTS-425
Solitron SDT-1164 Delco Motorola

Amperex A750 DTS-702 MJE 840I

Vcex - Volts
700 750 1200 1400

Solitron 2N4866

Westinghouse 1441 Westinghouse 140l
Collector current

70 80 100 150 250
(120v) (100V) (VCEO=I20V) (Vcgo=120V) Amps

Dual bipolar transistors

Union Carbide UCX 2910 Motorola 2N3424

Frequency (f})

800 1200 MHz
(Vegp=15V) (Vego=15V)

Thyristors
Westinghouse 282 (1500V)

G.E.C398 Interndtional Rectifier
G.E.C290 0 RA G.E. C500X! (1800V)

Forward current

475 740 850 1000 1200 Amps
AIR-COOLED WATER COOLED

National NL-C150
International Rectifier

GE C510 7TIRAI00S8Q
GE C398
GE C380 Westinghouse 272 Motorola 2N4199

. Voltage rise
200 300 400 500 600 dv/dt-V/us
National

NL-FI50

Westinghouse 260
GE C380 GEC5I0

GE C398

Current rise

100 200 400 600 800 5,000 di/dt-A/us
(470A-1200V)

Microwave semiconductors (low noise)

KMC KMC KMC Texas Inst. Philco-Ford
K5008 K5002 KD5201 TIXM 105 L8202-C
Frequency
MHz-GHz
60 MHz 450 MHz |1GHz 2.25GHz 9.375 GHz Noise figure
1.4d8B 2.0dB 3.0dB 4.5d8 5‘_5_d8
SILICON SILICON SILICON GERMANIUM Silicon

Microwave semiconductors (power)

MSC 200!
RCA TA7003
TRW TRW 2N4976 Varian Nippon Electric

TRW2N5178 PT6821 TRWPT 6635 VSX 9522 GD 5143

Frequency

500 MHz | 2 3 4 10 16 20 GHz
(50W-CW (20W-CW (| WATT-CW  (2W-CW (1W-CW  (0.2W-CW
TRANSISTOR)  TRANSISTOR)  TRANSISTOR) TRANSISTOR) GUNN 0SC)  GUNN 0SC)

Microwave mulliplier diodes

Philco L8504 Philco L8503 Philco L8513

Frequency

4.5 10 13.3 GHz
(6wW) (1.2w)
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Behind this disguise
are 1001 ways to
build a more precise
timing circuit at
no extra cost
The ZC 1001 series

PROGRAMMABLE UNIJUNCTION TRANSISTOR

Typical Unitrode reliability
in a hermetically-sealed
package suitable for
military use at only

B Functionally equivalent to standard unijunction
transistors with the advantage that external resistors
can be used to program 7, Rg, Ip, and |y, depending

B Even long time-delay designs are more precise,
because the PUT’s low guaranteed Ip of 150 nA allows
use of larger timing resistors and smaller capacitors.

90¢ each in lots of 100.
|

e M For pulse and timing circuits, SCR trigger circuits,

B Completely planar passivated, hermetically sealed relaxation oscillators, and sensing circuits.
|
\

TO18 type package.
IN STOCK, READY TO DELIVER NOW e SEND FOR YOUR FREE SAMPLES AND CIRCUIT DESIGN GUIDE

For fast action call Pete Jenner collect . . . today!

iz

J '15 A product of the wide ranging semi-conductor technology of # ®
From the . S— M
SSPI Product l l N I r D , —

—

Group | :
580 Pleasant St., Watertown, Massachusetts 02172 « (617) 926-0404
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TI's quiet
revolution in

TTL/MSI




Take a realistic look at MSI.
Compare the choice of functions.

Compare circuit complexity:.
Compare availability. Compare price.

(Then you’ll know why more of TI's 54/74 MSI
is second-sourced by second sourcers.)

Start your comparison with the left-
hand page.

FACT: You see that TI lays 48 sep-
arate, distinct MSI functions on the
line —your broadest choice by far.
4 data selectors/multiplexers, 13
decoders, 6 memories/latches, 8
shift registers, a parity generator,
6 counters and 10 arithmetic
elements.

No numbers game this. We're talk-
ing basics—not every variation made
possible by a choice of two tempera-
ture ranges and three package styles.

FACT: More complexity—more per-
formance—is packed into Series 54/74
MSI packages. The average com-

plexity of TI's MSI line is more than
30 gates—an order of magnitude
higher than competitive TTL/SSI
lines. So when you want all the bene-
fits of MSI, come to where not only
the choice is wider but also the overall
complexity is greater.

FACT: Availability is unequalled.
Huge in-house inventories (averaging
more than 100,000 MSI parts) are
maintained in all packages—plastic
and ceramic DIP and flat pack—and in
both temperature ranges.

FACT: Prices are low. TI has been
committed to MSI price leadership
since we introduced the first one in
1967. We've made more MSI than

anyone...and it’s manufacturing
know-how and high yields that keep
TT costs, and prices, consistently low.
Make yours a tough comparison
on us and our competition. For facts
on our availability and prices,call your
TT salesman or authorized TI Distrib-
utor. To compare choice and complex-
ity, get the 184-page supplement to
our TTL catalog. It'll bring you up-to-
date on our 48 MSI functions. Circle
186 on the Reader Service Card or
write Texas Instruments Incorporated,
P.0O. Box 5012, M.S. 308, o
Dallas, Texas 75222. That’s
where the quiet MSI rev- U
olution is going on.

TEXAS INSTRUMENTS

INCORPORATED




for the newest 4PDT—5amp miniature relay

circuitboard . .. and we'll fill it with

a plug-in relay. The logical relay

for logic systems, computers,

business machines—any applica-

tion requiring maximum endur-

ance and reliability in minimum

space. Ournew 1310, 4PDT-

5 amp miniature relay is just a

little more than one cubicinch

in size, with inductive load

contact rating of % hp @ 120V 60 Hz. But the
small size doesn’t limit its mechanical life of 100
million operations DC, 50 million AC. Minimum!

Give us a cubic inch on your printed ) /)
ey
=\

GUARDIAN
ELECTRIC

MANUFACTURING COMPANY -

The miniature size doesn’t limit its versatility,
either. It's available with a choice of solder lug,
quick connect .110, or printed circuit terminals
—sockets for “plug-in” installation

available with PC or solder

lug. Other features like :

AC and DC versions, the '«

Lexan dust enclosure that's

standard, plus U/L and CSA

recognition make this relay

the answer to an engi-

neer’s prayers. (And all this

time you didn't really believe

you had a Guardian Angel!)

COMPLETE APPLICATION DATA
is yours for the asking.
Send for Bulletin B5-1.

1550 West Carroll Avenue, Chicago, Illinois 60607
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THE WESTERN COLUMN

Water, water, everywhere . .

The recent American Management
Association’s briefing on Oceanology
drew about 150 concerned partici-
pants to San Diego to confer about
management of the coastal zone. The
biggest problem, they agreed, was
setting up management of resources,
with science assigned a secondary role.
The major flaw in this consensus is
that lack of scientific knowledge is
the limiting factor in starting pro-
grams.

Study after study has recommended
that the ground rules for coastal zone
management be that the burden be
assumed by the states and federally
funded research should be carried out
in those coastal labs that are asso-
ciated with universities, The predict-
able result has been a tremendous
fragmentation of effort with no major
thrust. Federal funds have been scarce
and are not expected to increase in
the next five years. All the talk is
about managing future programs, ac-
cording to California Congressman
Bob Wilson.

Countering this concept, North
Carolina’s Gov. Scott kicked the ball
right back into the federal field by
contending that Washington must ac-
knowledge its responsibility for the
managing of problems that cut across
so many political boundaries. Many
desired an organization with a cabinet-
level head to pull things together,
thinking in terms of either a new,
NASA-like agency, or a reshuffling of
the Department of the Interior. How-
ever, the fact remains that there is
still no ‘“big-science” in oceanology.

Areas of opportunity

Mounting pressure for pollution con-
trol may break this deadlock and also
create opportunities for entrepreneur-
ial technical firms. (Already, California
has set fines of up to $6000 a day
for even the “threat of pollution.”)
Whatever local funds are made avail-
able for waste disposal, it is quite
likely the share received by a partic-
ular industry will not be enough to
offset added costs. These and other
factors combine to make previously
unfeasible ideas, such as recycling
processes, now very attractive. By
recycling everything, extracting by-
products from production waste, and
returning resources—air, water—"as
was,” the company removes itself from
the problem area and salvages hitherto
discarded products. Adoption of such
methods would create demands for
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“recycle engineers” and monitoring
and control systems.

Large centralized systems can be
used to monitor geographic areas. In-
dustries can profit by working with
local authorities to define needs and
produce desired equipment. Tying in
with local universities is another way
to get a share of both existing knowl-
edge in the field and matching govern-
ment funds. Basin control has the
virtue of processing a commodity—
water—whose value greatly exceeds
costs of analytical and control equip-
ment.

No one knows objectively what
quality level to regain, so good base-
line programs are needed. The Santa
Barbara blowout illustrates this prob-
lem. Although some claim that the
channel is cleaner than ever, I ob-
served that the dredging operation is
sucking up oil-soaked sand that has
drifted several miles into the harbor,
spewing black fluid onto the beach.
Swimming at beaches up to thirty miles
away, I still get an oil film on my
skin. Clearly, different baselines are
being used.

The oil companies, which have 12-
$14.billion invested in offshore opera-
tions, have the technology to support
work in the ocean, and are the largest
single market for goods, were repre-
sented only in the audience. Ignoring
companies so intimately connected
with the coastal zone is analogous to
calling a meeting of all computer
manufacturers—except IBM.

How about the engineer?

A week later, Senator Packwood
of Oregon spoke on “Allocation of
Priorities” at the Winter Convention
on Aerospace and Electronics Systems
in Los Angeles. He stated that Con-
gress is of a mind to spend much more
on non-defense items, such as ecology.
He forecast science and engineering
playing a larger role in the fields of
air and water pollution. Afterwards, I
asked Senator Packwood if there
would be enough high-engineering
content in these emerging areas to
absorb the numbers displaced in de-
fense jobs. Although he said he had
not previously thought about it, he
guessed the answer would be no—the
decisions in those areas seem more
fiscal than technical.

Steven A. Thompson, Western Editor
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To make Decoders that can drive
every major display device,

Three Fairchild MSI decoder/drivers cover the requirements
of every major military and industrial display device on
the market. The 9315. The 9317. And the brand new 9327. Each
device has a built-in driver stage—an important feature
that means smaller, lower-cost systems with higher reliability.
NIXIE —The 9315 One-of-Ten Decoder/Driver accepts decimal
inputs and provides ten mutually exclusive outputs which directly drive
NIXIE* tubes. Stable high-voltage output characteristics also make
the 9315 ideal for driving relays, lamps and similar devices.
SEVEN-SEGMENT — Fairchild’s 9317
and 9327 Seven-Segment Decoder/Drivers
convert 4 inputs in 8421 BCD code into
appropriate outputs for driving
seven-segment numerical displays. The
9317 is designed for use with incandescent
lamps, neon, electroluminescent and CRT
displays, as well as light emitting diode
indicators. The 9327 is used for DIGIVAC S/G™
vacuum fluorescent readouts. Both devices
feature automatic ripple blanking, lamp
intensity modulation, lamp test facility,
and blanking output. Outputs are disabled
by codes in excess of binary 9. Flags
are removed on the 6 and 9, which reduces
the number of ambiguous states.

*NIXIE is a registered Trademark of Burroughs Corporation.
#*DIGIVAC S/G is a registered Trademark of Wagner Electric Corporation.

To order these Decoder/Drivers, call your Fairchild Distributor or ask for:

PART TEMPERATURE PRICE (100-
NUMBER PACKAGE RANGE (1-24) (25-99) 999)
U41.931551X Flat —55°C to +125°C $22.00 $17.60  $14.65
U41.931559X Flat 0°C to + 75°C 11.00 8.80 7.30
U6B931551X DIP —55°C to +125°C 20.00 16.00 13.30
U6B931559X DIP 0°C to + 75°C 10.00 8.00 6.65
U41.9317513 Flat —55°C to +125°C 28.00 22.40 18.70
U41L.9317593 Flat 0°C to + 75°C 14.00 11.20 9.35
U7B9317513 DIP —55°C to +125°C 25.40 20.30 17.00
U7B9317593 DIP 0°C to + 75°C 12.70 10.15 8.50
U41.9327591 Flat 0°C to + 75°C 13.05 10.50 8.80
U7B9327591 DIP 0°C to + 75°C 11.90 9.55 8.00
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you have to get serious about
MSI family planning,

We put together a family plan by taking systems apart. All kinds of digital
systems. Thousands of them.

First welooked for functional categories.We found them.Time after time,in a
clear and recurrent pattern,seven basic categories popped up: Registers. Decod-
ers and demultiplexers. Counters. Multiplexers. Encoders. Operators. Latches.

Inside each of the seven categories, we sifted by application.
We wanted to design the minimum number of devices that could
do the maximum number of things. That’s why, for example,
Fairchild MSI registers can be used in storage, in shifting, in
counting and in conversion applications. And you’ll find this

OPERATORS

sort of versatility throughout our entire MSI line. 9304 ~Dual Full

Adder /Parity

Finally, we studied ancillary logic requirements and i

packed, wherever possible, our MSI devices with input
and output decoding, buffering
and complementing functions.
That’s why Fairchild MSI reduces—
in many cases eliminates—the
need for additional logic packages.

LATCHES
9308 —Dual 4-Bit Latch
9314 —Quad Latch

REGISTERS

The Fairchild MSI family P it
9328 —Dual 8-Bit
plan. A new approach to MSI Shift Register 000 0 e rone
. . . Digital
that’s as old as the industrial revolution. 1y Mulipleser
D . . o e 2 —8- npu igita
It started with functional simplicity, Multitlexes

extended through multi-use component parts, and
concluded with a sharp reduction in add-ons.
Simplicity. Versatility. Compatibility.
Available now. In military or
industrial temperature ranges.

In hermetic DIPs and Flatpaks.
From any Fairchild Distributor.

DECODERS AND
DEMULTIPLEXERS
9301 —One-Of-Ten
Decoder
9315 —One-Of-Ten
Decoder /Driver
9307 —Seven-Segment
Decoder
9311 —One-Of-16
COUNTERS Decoder
9306 —Decade Up/ 9317 —Seven-Segment
Down Counter Decoder /Driver
9310 —Decade Counter 9327 —Seven-Segment
. 9316 —Hexidecimal Decoder /Driver
ENCODERS Counter
9318 —Priority 8-Input
Encoder

ERBRRETONT M R AR
FAIRCHILD
e e e

SEMICONDUCTOR
FAIRCHILD SEMICONDUCTOR A Division of Fairchild Camera and Instrument C6rporation  Mountain View, California 94040, (415) 962-5011 TWX: 910-379-6435
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Is the 901 counter-timer
just too good to be true?

Timer
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NO!

It was...but it’s not any more!

Last year, when we introduced the Model 901, we were years
ahead of the industry. Here was the first state-of-the-art uni-
versal counter-timer that could count directly to 200 MHz
without a plug-in, and—with a plug-in—could go right on
counting into the gigahertz range. What’s more we offered it
at the unheard of low price of only $2475—about $250 to
$1000 below the nearest competition!

It wasn’t long before we knew we had a tiger by the tail.
Here was a dream instrument with all the universal count-
ing and measuring functions built into the standard main
frame...with gate times of 1 us to 100 sec instead of to just
10 sec...with a TIM with a resolution of 10 nsec instead of
100...with an input sensitivity of 10 mV instead of the
usual 50 or 100...with 9-decade readout instead of just 8...
and with remote control available as an optional extra. With
all that going for us we had just one problem: how to get
into volume production fast enough to meet demand.
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Now cut to 1970. The industry still hasn’t caught up with
the Model 901, but our production has caught up with de-
mand. You can now buy this state-of-the-art instrument right
off the shelf for the same low price. What's more, for only
$825 extra, you can also have the Model 931 Heterodyne
Converter plug-in that extends the 901 frequency range up
to 1.3 GHz.

But why dream on? Why wait to catch up to the times? The
901 is a reality today. For the full facts, circle the reader
service card.

COMPUTER MEASUREMENTS

A DIVISION OF NEWELL INDUSTRIES
12970 Bradley/San Fernando, Calif. 91342/(213) 367-2161/TWX 910-496-1487
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BAY SOUNDINGS

The large room was well-filled. The
listeners were attentive. The man of
the hour was Stanford Ovshinsky, in-
ventor of the Ovonic switch,* and
possibly the most widely known name
in the amorphous materials field.

Ovshinsky was speaking at a recent
meeting of the San Francisco chapter
of the IEEE Group on Electron De-
vices. He speaks somewhat defensive-
ly, perhaps because of past adverse
publicity. While many post-talk ques-
tioners were sincere, a few seemed
more interested in downgrading the
work—Ovshinsky handled them well.

The opinion of many semiconductor
workers is that Ovshinsky does seem to
have an honest device, but one which
should have been at its present de-
velopment five or ten years back. To-
day, these people argue, such devices
are lost in our sophisticated, high-den-
sity, silicon technology.

Ovshinsky counters such arguments,
and also answers the question, “But
what can you do with it?”, by saying
that there is no basic dichotomy be-
tween his amorphous technology and
that of silicon: we should simply mesh
them and use the better aspects of each
to achieve functions not available
through crystalline devices alone.

Memories, for example. Ovshinsky
showed a non-volatile, read/write/
erase, 256-bit array. It uses both con-
ventional silicon techniques and amor-
phous technology to give an electric-
ally alterable rRoM. He called it a
“read-mostly” memory because the
array has a fast—20 to 50 ns—read
time, but a much slower write time.

Ovshinsky’s company Energy Con-
version Devices, Inc., builds a thresh-
old switch and an optical switch.
We’ve heard about the threshold switch
for some time now. According to
Ovshinsky, it holds one of two states
indefinitely. The optical switch uses
laser energy to bring about optical
changes in the company’s thin-film
material, and may have applications
in mass-storage memories, printing
systems, and displays.

Stanford Ovshinsky feels that Ovon-
ics should indeed fit a niche and con-
tribute to technology. However, only
time will tell.

*The Ovonic switch is based on the
Ovshinsky effect—majority carrier trans-
port in polycrystalline semiconductors.
These materials are interesting primarily
for their radiation resistance, and also for
their low cost.

QW7 N

Western Editor—San Francisco
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% suawnes PRORZIMRER

OUR GUARDED SCANNER
IS STANDARD

OUR MODULES MAKE IT CUSTOM

A complete line of “‘off-the-shelf’” modules make it
possible to configure the 3383/1221 Guarded Reed
Relay Scanner for single wire, two wire, and switched
shield three and six wire switching.

Up to 10,000 input channels with an optional ‘‘multi-
plex output option” provides the capability of routing
any input to any of ten outputs.

Programming registers are designed for interface
with T* L logic levels in Binary Coded Decimal format for
applications in Automatic Test Equipment, Data Acqui-
sition Systems and other computer controlled systems.

Guarding techniques used in the 3383/1221 pro-
vide high system CMR. Plug in switching modules may
be withdrawn from the chassis front eliminating trouble-
some cable service loops. High packing density with
400, 3 wire channels in 12% inches conserves costly
enclosure space.

For more detailed information, ask for our brochure
on the 3383/1221 Series Scanner.

Instrument £ Data Products Bmm

300 SO. LEWIS RD., CAMARILLO. CALIF. 93010 - TEL.(805)482 1911 . TWX 5108667099
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There$ something

in everything we

HDR Series Connectors

High density pin and socket connectors. Available in
nine sizes—12 to 106 contact positions on .100” grid.
Size 20 contacts for wire size ranges 20-30 AWG.
Posted contacts available for wrap type or TERMI-
POINT* point-to-point wiring devices. Also available
with crimp, snap in contacts applicable at speeds to
4000 terminations per hour.

High Density Printed Circuit Connectors

Easily hand-mated, two piece printed circuit connec-
tors featuring self-aligning contacts. Available in .075”
and .100” centers. Low insertion and withdrawal
forces, yet highly resistant to humidity, shock, vibra-
tion, and other adverse environmental conditions.
Unique eliptical spring construction of socket for four-
point redundant contact. Can be soldered, wrapped
or welded. Individual contacts are removable even
after connector is mounted.

ARINC Type Connectors
In both sealed and unsealed versions. Fully
intermateable with all connectors designed
to the specification. Other features include:
higher specified dielectric performance,
greater contact stability, front serviceable
keying, and faster contact application. Up to
1200 complete wire terminations with the
AMP-O-MATIC* Stripper Crimper machine.
Crimp configuration conforms
to MS-3191 or MS-3108
and meet the specification
of MIL-C-81659.

Flexible Flat Cable Connectors

AMP’s Flexible Flat Cable connector is spe-
cially designed to match the cable’s charac-
teristics and requirements. Available in 9 to
33 circuits. Unique high-speed automated
machinery crimps contacts to cable at rates
up to 5000 per hour. Contacts snap into
housing for cable-to-cable, cable-to-board,
and cable-to-round wire connections. High
reliability, low installed costs through auto-

mated tooling.

Coaxial Connectors

Full line of COAXICON* connectors includes standard, minia-
ture and subminiature types. All are fully crimpable. Industry’s
first automated process for termination of subminiature types
produces a fully crimped terminal in approximately 20 seconds.
Low VSWR and reduced noise level. Inner contact stability.
See-through port for easy inspection. Available for all standard
cable sizes. AMP’s matched tool and terminal concept assures
uniform reliability. Cuts rejects to absolute minimum.

Micro-Connectors

Ideal for all micro-system packaging. AMP
design spiral spring construction assures re-
dundant contact and maintains reliability un-
der severe conditions. Stamped and formed
chevron shaped receptacle and mating pin
contact are spaced in housing in either
.050” or .025” centers. Connectors can be
“‘stacked” without loss of critical contact
spacing. Circuit contact tines are pre-solder
coated and need only reflow and plug in.
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standard

ake for black boxes

From input to output, every connection we make
for a black box (and we make them all) takes into
account avionics standards for space, weight,
modularity, reliability and maintainability. Our
technology is aimed at making things smaller,
lighter, stackable, reliable and easily maintain-
able. And the proof of our capability is on wings
everywhere in the world—in business aircraft,
military planes of every type and the jumbo jets.

%A trademark of AMP Incorporated
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Whatever the need—communications, naviga-
tion, radar. .. airborne electronic systems of all
kinds . . . AMP’s first packaging requirement in
any black box is reliability. And we offer applica-
tion tooling and techniques that make it avail-
able at the lowest applied cost.

For more complete details or ideas to fit your
black box design requirements write:

Industrial Division

AMP Incorporated, Harrisburg, Pa. 17105

INCORPORATED
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UP TO DATE

Electrical integration—

a step closer to molecular electronics?

At ISSCC, Barrie Gilbert of Tektronix intro-
duced an IC that is electrically—in addition
to geometrically—integrated

Just about the time when monolitic integrated circuits
were born, Dr. Arthur R. Von Hippel and a group of
his coworkers at MIT wrote a book on ‘molecular sci-
ence,” where they analyzed those components that func-
tion, thanks to their molecular properties, as opposed
to their macroscopic ones.

There are several outstanding examples of the appli-
cation of molecular science to electronics, such as crys-
tals, piezoelectric transducers, ferroelectrics, ferromag-
netics and, more recently, the bulk-effect microwave
semiconductors. Molecular electronics was the driving
force behind, but never quite materialized in integrated
circuits, even though Dr. Von Hippel pointed out in
his book that transistors and diodes were the best under-
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Electrical integration. This is the 60x60-mil chip, and part
of the schematics of the four-decade counter with buffer
memory and d-a output converter. The photomicrograph that
appears on the cover of this issue shows a detail of a por-
tion of one of the stripes containing one counter and mem-
ory. In that portion, the space occupied by each component
is only 2.6 square mils. The square-cornered resistors in
the schematic diagram indicate parasitic coupling of the npn
collectors to the bases of the multiple-collector pnp trans-
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stood representatives of molecular engineering in semi-
conductors.

Since the introduction of Planar® technology, the
industry has followed a pragmatic approach that con-
sists of arranging integrated components mostly for
geometrical—rather than electrical—reasons. You can
verify this by looking (with a microscope) on the sur-
face of a chip. With a trained eye, you can still recog-
nize the individual components and follow their metallic
connections as on a circuit diagram. The only excep-
tions are the ‘lateral’ pnp transistors used to obtain
complementary pairs, whose junctions occur on a verti-
cal plane in order to take advantage of the electrical

(continues on p. 34)
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istors. This coupling occurs because collectors and bases
are in a common n-type epitaxy, but it does not affect the
operation of the counter. For example, if the npn transistor
connected to clock line ¢, on stage (N-1) is on, all the pnp
bases will receive some of its current, the amount diminish-
ing with their distance to the active collector. But the
second collector of the pnp contributes some current to
the base of the npn connected to ¢.. Therefore, when ¢,
comes on, only this transistor will turn on.
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aDanaDVM for $425

Designed and developed by the same people who build
our $6,000 instrument...and our $5,000 instrument...
and our four, three, two and one thousand dollar
instruments. No wonder it’s so good.

Dana’s new 3800 is the most accurate 3-digit
DVM on the market. But it’'s more than
a DVM. It’s a full multimeter that will
measure dc volts, ac volts, ohms, and dc
current —with even a BCD option available.
Superimposed power line hum is rejected
by 1,000 times. It’s so stable that it will run
for over 6 months without calibration. So
insensitive to temperature and humidity
that you can use it anywhere without
affecting performance, and its case is made
of Cycolac®, the same rugged material used
in professional football helmets.

DANA,

Dana Laboratories, Inc.
2401 Campus Drive, Irvine, California 92664

Cycolac

* is a registered trademark of Borg-Warner Corp.

Our reputation rides on the 3800. Just as
it rides on every other DVM we make...
for use on the bench and in systems;
militarized models; 4- and 5-digit;
from $350 to over $8000.
There’s a lot more to the Dana
story, and to the 3800, so
write for it. We’ll also
tell you how you
can qualify for
a free trial.

| Dc & ohms only:
$350.00




FOR ELECTRONIC ENGINEERS
ON THE WAY UP...
A Course in

PROJECGT
MANAGEMENT

This Project Management course appeared orig-
inally in The Electronic Engineer and was de-
vised for the engineer who wants to grow in his
job and to help assure this the course was de-
veloped in collaboration with Booz, Allen and
Hamilton, one of the largest management con-
sulting firms in the world. Their experience in-
cludes the development of project plans and
control systems for over 1,000 projects involving
the expenditure of many billions of dollars.

What it does for you

Project Management is a relatively new disci-
pline in the field of management sciences. And
the course emphasizes the methods used to
reach an objective while remaining within the
prescribed product specifications, budget and
schedule. It also helps the individual electronic
engineer or manager to increase his personal
skills, sharpen his capability and broaden his
understanding of project management problems,
both large and small. And, it shows you how to
achieve certain specified results at a particular
point in time. It can make you more valuable to
your employer.

The 5 part course costs just $4.00 and includes
a test paper for your use. All those passing the
examination will receive a Certificate of Com-
pletion that is suitable for framing. Why not put
this course to work for you now? Fill out and mail
the coupon below. Your course will be sent to
you promptly. Send your order to The Electronic
Engineer, Chestnut and 56th Streets Philadel-
phia, Pennsylvania 19139.

E-4
Yes, | want to take advantage of your Project
Management course. Send me ___ complete

course(s) for only $4.00 each. Check, cash or
money order is enclosed. Send the course to:

Name
Address Company
City State___ Zip

Send me special quantity prices []
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(continues from p. 32)

properties of the diffusions laid out for the npn tran-
sistors. In other words, they are clectrically—not just
geometrically—integrated.

Now electrical integration has made new advances.
During the last International Solid State Circuits Con-
ference in Philadelphia, Barrie Gilbert* of Tektronix
described a new integrated circuit he developed for
Tektronix’s new 7000 line of oscilloscopes.

The IC, a four-decade counter with buffer memory
and digital-to-analog output conversion, appears on
page 32 and on the cover of this issue. Even though
the layout looks interesting but not unusual, a closer
look reveals that it is difficult to identify individual com-
ponents. In addition, its component density is almost
unbelievable—320 transistors and 215 resistors on an
area of 36 x 36 mils, or 380,000 components per square
inch. This density compares well with that achieved
with “minimum geometry” MOS transistors in a read-
only memory, and is about an order of magnitude more
dense than that of TTL counters.

How it's done

By combining as many components as possible into
a common epitaxy, Gilbert eliminated the need for iso-
lation diffusions, thus saving all the space these diffu-
sions take around the transistors. From this results
another space saving advantage: the number of metallic
interconnections is substantially reduced, and with them
the number of holes for metal-silicon contacts.

Some of the bit lines become buried in the silicon
along transistor bases, or run along buried silicon bus
bars diffused under the epitaxy. In addition, the resis-
tivity of the epitaxy produces parasitic resistors. Under
these conditions, the designers had to take into account
several semiconductor mechanisms—not only injection
and collection of minority carriers, but also modulation
of majority carriers and local field control.

Since the semiconductor effects are three - dimen-

sional, the masks for electrically integrated circuits are
more difficult to design than those of conventional ICs.
“In designing super-integrated circuits,” as Gilbert calls
them, “the contribution of our mask designer, Rick
Roskopf, was as important as that of the circuit de-
signer.”
*This is not the first time Barrie Gilbert has made news at the
ISSCC. Two years ago he described an analog multiplier which
became the ancestor to most of the commercial four-quadrant
multipliers now in the market.

Molecular science and molecular engineering Dr. Arthur R. Von
Hippel, J. Wiley & Sons New York 1959.

Thermal integration. A
dual junction-field-
effect-transistor (JFET)
by National Semicon-
ductor Corp., is a simple
example of another di-
mension in integration:
thermal integration. The
FETS are interleaved in
a chip to match their
characteristics by de-
sign, rather than by
selection. (Photo of
FM3954 dual-JFETS.)

J0ogoinA
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Miniature, subminiature
connectors, yes.

Miniature, subminiature contacts, no.

Microelectronics can give you a pain in the tweezers. You have to
be perfect. And you have to be perfect in places so small that a
flea would have trouble scratching his back.

Actually, the electronics part isn’t too hard, what with
piezoelectric this’s and thin-film that’s to work with.

But, inevitably, there comes the day when all the
this’s and that’s have to be put together. It’s a prob-
lem. Mechanically. Electrically.

You don’t want to put a big fat plug on a skinny
little mini-circuit.

So you need miniature or subminiature
connectors. Those we have. By the catalogfull.

But you sure don’t need undernourished / / /
contacts. You need all the strength you Va7 /9
can get, all the contact area you can get, /;/;f//;,’/
all the hang-togetherness you can get. ////

Those we give you. Every mini- P
ature in our catalog is made with
our patented Varicon™ contacts
(you probably already know
about them). Our newer sub-
miniatures are made with
Bi/Con™ contacts (which

is sketched at the left).
See the four mating
surfaces?

Four mating surfaces, coined

so that they’re exceptionally hard
and smooth.

Four mating surfaces, held together
snugly by the spring-like action of the
design. And by the innate characteristics
of the phosphor-bronze.

Four mating surfaces, strengthened by a
reinforcing web.

Four mating surfaces, on a contact that floats

in its insulator to make sure that the four mating
surfaces mate.

No comparably sized contact can match the Bi/Con'’s
dimensional, electrical, and mechanical characteristics.

And no subminiature contact can match the Bi/Con’s
incredibly low price, either.

For more information, write, wire, call
or TWX us for our Microelectronics catalog. s e
Elco Corporation, Willow Grove, Pa. 19090.
(215) 659-7000. TWX 510-665-5573. R

See us at NEPCON Central Booth 215



Introducing Potter & Brumfield's unique

dud thin-ine

ary reed rElays

An entirely new magnetic structure makes possible
an exceptionally low seated height of only 0.275
inch for high density board packaging. Circuit
boards employing JDT relays may be spaced on
0.5 inch centers.

This design minimizes magnetic flux dispersion,
resulting in a very efficient magnetic circuit. This
decreases coil power requirements and often per-
mits direct operation of JDT relays in low-power
semi-conductor logic circuits. An interfacing am-
plifier may be eliminated in many applications.

Terminals are similar to those on IC packages,
permitting spot testing on either side of a circuit
board. The dual in-line terminals on 0.1 inch
centers simplify circuit board design. The reed
switches are rated at 10 watts maximum resistive
(50V or 0.5A DC maximum) switching.

Mounted height

isonly 0.275"

Power requirements:
only 75mw per pole
Combinations of Forms
A, B and C are available

Single Lot Prices:

JDT 4000 Series (4-pole) $ 7.65
JDT 8000 Series (8-pole) $12.95
Quantity discounts apply.

A solid state time delay circuit may be incor-
porated in this small package. Or a Darlington
amplifier can be included to compensate for low
current applications. However, the number of
available poles for switching is reduced by the
addition of either of these circuits.

The JDT is completely encapsulated in epoxy,
giving protection against environmental contami-
nation. The Series is presently available in many
combinations of Forms of A, B and C.

Get full information today by calling your local
P&B representative or call direct to Potter &
Brumfield Division of American Machine & Foundry
Company, Princeton, Indiana. 812-385-5251.

T T

POTTERsBRUMFIELD



The involved engineer

Sir:

True, Engineers are loners. True, they
lack identity as a professional group.
True, they lack cohesiveness. In gen-
eral, I must agree with these views of
Rocco F. Ficchi in his article “The
engineer is a loner” [The Electronic
Engineer, April 1969, p. 25]. This
probably describes some engineers.
But no group can be fully described
by a treatment of a “typical engineer.”
We need to consider the broad spec-
trum, and in defense of those who are
not loners — who are involved —I'm
writing this opinion.

A new “Pro” engincer—We're all
familiar with the state qualified pro-
fessional engineer. I propose that
there’s another type of “pro” engineer

. in industry . . . without a shingle
to hang out. He’s a pro for his com-
pany, for his industry and for his com-
munity. Obviously he’s not a loner.
This man is important and influential.

The company “Pro”—Just who is
this company “pro” engineer. He'’s an
engineer who works at staying on top
of his job—especially if it’s a new
expanding concept such as thick and
thin films in microelectronics. He fol-
lows new concepts, new techniques and
equipment. He has found that to do
his job he cannot merely rely on his
basic engineering education. He finds
continuing education important —
essential—so he can understand how
the company functions, how to sell
his ideas and work with people. Of
course, he may further develop very
technical abilities too. Sometimes he
writes articles which reflect not only
his own stature but his company’s too
... to answer important industry prob-
lems. He’s alert on the job — con-
sciously seeking patentable ideas. True,
there are professional societies which
issue publications and sponsor sym-
posia. The “pro” engineer not only
looks to these for information but ac-
tively seeks personal involvement in
professional societies. Here the de-
gree of involvement is regulated only
by his own interest and available time.
He is not content with the status quo.

The “Pro” as a community servant
—It’s inevitable that this “pro,” by his
very attitude, will project himself into
his community. By being constantly
alert to his industrial environment, he
becomes concerned about the forces

(Continued on following page)

<—Circle 26 on Inquiry Card

Scanbe lights my

Let me tell you why. Scanbe has
a new version of their DI PAK®
packaging system. They call it

’

the “Swinger.” It has hinged
panels that swing out and lock
into position. And that’s nice
because I'm tired of breaking
my fingers trying to change a
wire or a DIP. What’'s more, each
panel has up to 720 14-pin or
576 16-pin DIP color coded Wire
Wrap* sockets in one vertical or
horizontal drawer. That’s not all.
If you other young bucks would

like a complete software and

a

“THE SWINGER”

wire wrapping service, Scanbe can make your from/to wire lists swing too.

Write for further information.

)

SCANBE ] MANUFACTURING CORP.

& A Ccanoaa COMPANY

*Registered trademark of Gardner Denver Company

3445 Fletcher Ave. « El Monte, CA 91731 « (213) 579-2300/686-1202 « TWX: 910-587-3437
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" MOS Clock
Driver System

CLOCK PHASE 1

DRIVER
CH1033

CLOCK PHASE 2

DRIVER
CH1033

DUAL CLAMP AND

INPUT FOUR PHASE|<¢—————1 BLANKING CH1070

(DTL, TTL, — SEQUENCER
ETC) CH1060

DUAL CLAMP AND
BLANKING CH1070

A

DRIVER
CH1033

PHASE 3

DRIVER
CH1033

PHASE 4

The four phase system shown uses a CH1060 FOUR PHASE
SEQUENCER, four CH1033 HIGH SPEED CLOCK DRIVERS
and two CH1070 DUAL CLAMP AND BLANKING CIRCUITS.

The SEQUENCER generates four clocks from a single input
which minimizes package count. Sequencers can be intercon-
nected to provide 1, 2, 3, 4 or more phases.

The HIGH SPEED CLOCK DRIVER swings —27V into 600 pf
in 20 nanoseconds, thereby reducing power consumption at
high frequencies.

Other output swings are attainable, including +5V to — 15V,
+13V to —13V and +13V to 0V. Contact us for details.

CLAMP AND BLANKING CIRCUITS eliminate overshoot
and capacitively coupled crosstalk which can produce un-
reliable MOS operation. They also prevent clock overlap. The
amount of non-overlap can be externally adjusted.

We also have data communication circuits, teletype inter-
face circuits, lamp and relay drivers, and a circuit develop-
ment capability for your custom requirements.

OFF-THE-SHELF HYBRID CIRCUITS FROM

660 National Avenue, Mountain View, California 94040, (415) 969-9433

38 Circle 28 on Inquiry Card

(continued from page 37)

acting on it and his community. He is
active in local professional society
chapters. He will become involved in
youth programs such as Little League,
art, Scouts and PTA because he’s a
family man. He becomes a worker
rather than a watcher—in his church.
He becomes interested — he’s active
openly and behind the scenes on mi-
nority issues. He works in service clubs
such as Lions—in government by par-
ticipating in a political party or a
Chamber of Commerce Congressional
Action Committee.

The point is that the “pro” engineer
carries his professional talents into all
his activities. He uses his understand-
ing of organization, planning, eco-
nomics, costing and working with peo-
ple. One of his best attributes is his
practical approach to problems. He
becomes important in his community.

There are many engineers who are
“pros.” They have a very positive atti-
tude toward their job and their com-
pany. TFhey find it only natural to ex-
tend themselves and their talents to
meet community needs. Thus, there
are many engineers who are not only
aware, but actively work on con-
temporary problems.

Ronald P. Anjard
Sr. Engineer
Delco Radio Div.
General Motors
Kokomo, Indiana

Don’t bring back
the transistor radio
Sir:
I fully subscribe to the implications
of the editorial in the December 1969
issue of The Electronic Engineer.
Leon W. Zelby
Director
School of Electrical Engineering
College of Engineering
The University of Oklahoma

Minding our business
Sir:
War is not right. But Communism is
worse. I do not support the mora-
torium because it encourages the Com-
munists to continue fighting and pro-
long the negotiations.

E. G. Price

Senior Systems Design Engineer

Leach Controls

Azusa, California

Letters to the editor are published at the
discretion of the magazine. Please say so
if you do not want to be quoted. Signed
letters have preference over anonymous ones.
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Like magic ... vector impedance instruments

Wizards of

read out complex impedance in an instant.

With the HP impedance meters,
measurements involving impedance
magnitude, Z, and phase angle, 6,
no longer require tedious test
procedures. These measurements
are now as easy to make as voltage
readings. No nulling ... no
balancing . . . no calculations to
make. The wizardry of these HP
instruments provides direct readout
of Z (in ohms) and © (in degrees)
over a continuous frequency range.

HP 4800A Vector Impedance
Meter covers the 5 Hz to 500 kHz
range. You set the frequency, select

1091

the impedance range and read:
7 from 1 ohm to 10 Megohms, and
6 from —90° to 4+-90°. $1650.

HP 4815A RF Vector
Impedance Meter covers

500 kHz to 108 MHz. Measures, via
a probe, active or passive circuits
directly in their normal operating
environment. Z from 1 ohm to 100 K
ohms; 6 from 0° to 360°. $2650.

Application Note 86 describes many
applications of the 4800A and the
4815A Vector Impedance Meters
including the measurement of Z, R,
L, and C. For your copy and complete
specifications, contact your local
Hewlett-Packard field engineer or
write: Hewlett-Packard, Green Pond
Road, Rockaway, New Jersey 07866.
In Europe: 1217 Meyrin-Geneva,
Switzerland.

il

HEWLETT @ PACKARD

IMPEDANCE INSTRUMENTS
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Rent-

Test

Are the instruments in your lab the latest and
most accurate available? Do you have all the
equipment necessary to handle peak work
loads? Does it provide enough versatility to take
care of special requirements? Are you able to
keep it in use during a respectable portion of
the 8-hour day?

If you hesitated before answering yes, maybe
you should think about putting RENTAL to the
test. R.E.l. gives you a wide choice of the latest
equipment, precision-calibrated and in perfect
working condition. You can have as much as you
need, when you need it, and you can keep it only
as long as you need it.

R.E.l. can give you the fastest service, the widest
selection and the lowest rates of any rental firm
in the country. One of our inventory centers is
located near you, wherever you are, for instant
delivery. Let us tell you more about the many
advantages of renting vs. buying. Send today for
your free copy of the new R.E.l. Instrument
Rental Handbook.

Amplifiers
Analyzers
Attenuators
Bridges
Cameras
Counters ug ts
Detectors Gerwovato;/Synrhromzer

INSTANT INSTRUMENTS FROM
THESE INVENTORY CENTERS:

Waltham, Mass. 02154

69 Hickory Drive

(617) 891-7610-Telex 923472
Anaheim, Calif. 92801

159 East Freedom Ave

(714) 879-0561-Telex 655473
Gaithersburg, Md. 20760
16600-Oakmont Ave

(301) 948-0620-Telex 898446
Rosemont, I1l. 60018

5607 Pear| St

(312) 671-2464-Telex 726488
Ft. Lauderdale, Fia. 33308
4808 N.E. 10th Ave

(305) 771-3500-Telex 51-4467
MORE INVENTORY CENTERS
COMING SOON

Rental
EIectigconlcs

\REPSICO s

Circle 30 on Inquiry Card

CALENDAR

APRIL
5 & .89 110 11

1218 14 15 16 .97 18
19 20 21 22 23 24 25
26 [27 28 29 30 |

Apr. 16-17: Conf. on Semiconductor

Packaging in the 70’s, Park Sheraton,
New York City. Addtl. Info.— George
J. Fischer, Director of Conf., Poly-
technic Institute of Brooklyn, 333 Jay
St., Brookiyn, N.Y.

Apr. 22-24: Southwestern |EEE Con-

ference & Exhibition (SWIEEECO),
Memorial Auditorium, Dallas, Texas.
Addtl. Info.—A. P. Sage, Inst. of
Tech., SMU, Dallas, Texas 75222.

Apr. 27-30: IEEE Nat'l Telemetering

Conference, Los Angeles Hilton Ho-
tel, Los Angeles, Calif. Addtl. Info.—
Ray W. Sanders General Chairman,
NTC/70, Computer Transmission
Corp., Los Angeles, Calif.

Apr. 28-29: 18th Annual National Relay

Conf., Oklahoma State University
campus in the Theatre of the Student
Union Bldg. Addtl. Info.—Dr. Monroe
W. Kriegal, Director, Engineering and
Industrial Ext., Oklahoma State Uni-
versity, Stillwater, Oklahoma 74074.

MAY
] 552

3 4 567 8.9
105 41, 12713714 .15, ° .16
17 18 19 2021 22 23
24 25 26 27 28 29 30
31

May 4-7: International Conference on

ION Implantation, North American
Rockwell Science Center, Thousand
Oaks, Calif. Addtl. Info.—AFCRL
(CRWG/Sven Roosild), L. G. Hans-
come Field. Bedford, Mass. 01730.

May 5-7: Spring Joint Computer Conf.,

Convention Hall, Atlantic City, N.J.
Addtl, Info.—AFIPS Hdgs. 210 Sum-
mit Ave., Montvale, N.J. 07645.

May 11-13: NEW Show, Hilton Hotel,

Chicago, Ill. Addtl. Info.—Show Of-
fice, 100 South Wacker Drive, Chi-
cago, lll. 60606.

M2y 11-13: 24th Annual Technical Conf.

and Exhibit of American Society for
Quality Control, Pittsburgh Hilton
Hotel, Pittsburgh. Addtl. Info.—
Robert W. Shearman, American
Society for Quality Control, 161 West
Wisconsin Ave., Milwaukee, Wis.
53203.

May 19-21: IEEE Packaging Industry
Technical Conf., Cherry Hill Inn,
Cherry Hill, N.J. Addtl. Info.—IEEE,
Inc., 345 East 47th St., New York,
N.Y. 10017.

JUNE
R e T e

7 [“‘ 9 10]11 12 13
14 16 17 18 19 20
21, 22 23 24 25 26 27
28 29 30

June 2-5: Conf. on Precision Electro-
magnetic Measurements, Nat'l Bu-
reau of Standards, Boulder, Colo.
Addtl. Info.—G. M. R. Winkler, U. S.
Naval Observatory, Washington, D.C.
20390.

June 8-9: Chicago Spring Conf., Mar-
riott Motor Hotel, Chicago, Ill. Addtl.
Info.—Tucker Matzek, Warwick Elec-
tronics, Inc., 7300 N. Lehigh Ave.,
Chicago, Ill. 60648.

June 8-10: IEEE 1970 International
Conf. on Communications, San Fran-
cisco Hilton Hotel, San Francisco,
Calif. Addtl. Info.—ICC 70, Suite
2210, 701 Welch Rd., Palo Alto,
Calif. 94304.

'70 Conference Highlights

WESCON — Western Electronic Show
and Convention, Aug. 25-28; Los An-
geles, Calif.

NEC—National Electronics Conference,
Oct. 26-28; Chicago, lllinois.

NEREM—Northeast Electronics Re-
search Engineering Meeting, Nov. 4-
6; Boston, Mass.

Call for Papers

Jan. 12-14: 1971 Annual Symp. on Re-
liability, Sheraton Park Hotel, Wash-
ington, D.C. Deadline for submission
of the paper title and an abstract of
not less than 250 or more than 800
words is May 1, 1970. Send ten
copies to J. W. Thomas, Program
Chairman, Annual Symp. on Reliabil-
ity, Vitro Labs., 14000 Georgia Ave.,
Silver Spring, Md. 20910.

Jan. 19-21: Computer Designer's Con-
ference & Exhibition, Anaheim Con-
vention Ctr., Calif. Submit your
abstract, in triplicate, (300 to 500
words) by June 1 to: Technical
Papers Committee, Computer De-
signer's Conference, 222 West
Adams, Chicago, Ill. 60606. The com-
pleted paper, ready for publication,
will be due on Dec. 1, 1970. The
Electronic Engineer magazine is an
associate sponsor of the Computer
Designer's Conference.
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FAIRCHILD

Wanted:
Catalysts.

Technical knowledge can be absorbed, administrative ability can be learned,
but without the ability of one man to demand and get the utmost from other
men’s knowledge and skills little can be accomplished. This catalytic ability is
the unique mark of a successful technical manager at Fairchild.

Working within a framework of unusual authority, he is personally responsible
for the realization of a complex development product — on time, within cost
and to customer specifications. He is a technical realist whose tools are the
diverse talents of professional specialists.

He is a new breed of entrepreneur, operating with near-autonomy in Fairchild’s
flexible corporate structure, designed around the technological interrelationship
of semiconductors, controls, graphics, systems, optics, microwaves, display
devices, ordnance devices, reconnaissance systems and electrometrics.

To those who possess sound knowledge in their discipline and an alertness to
the practical economics of technical management, we offer the opportunity to
explore the full import and rewarding potential of a career with Fairchild.
Write to Michael F. Hawkins,

Fairchild Camera and Instrument Corporation, 464 Ellis Street, Mountain View, California 94040.
An equal opportunity employer.




Is anybody out there?

The IEEE meeting in Cleveland promised fireworks, but

someone forgot to bring matches.

By John McNichol, Assistant Editor

The past five years have seen the disappearance of some
230,000 jobs in the space program alone and the end
seems not in sight. In 1969, around 119,000 people in
the aerospace industry were laid off; the projection
for this year is 300,000. In places like Cape Kennedy,
Huntsville, Philadelphia, Los Angeles, and Seattle, these
numbers are translated into the reality of layoffs, forced
early retirements, housing, losses, unemployment lines,
family moves, lost pension rights, and bitter feelings.
So it should be no surprise to find that the man at the
Chicken Delight counter, the man selling insurance, or
even the man bagging your groceries is an electronic
engineer caught in a situation he neither desires nor
controls.

Gunfight at the OK corral

This situation is complicated by such factors as a
reported median earning level for plumbers $10,000
higher than that of engineers, engineers functioning at
non-professional levels, skyrocketing rates of technical
obsolescence, and a pervasive feeling that something is
basically wrong. All of which raises the question used
as the theme of February’s IEEE meeting in Cleveland:
“What are you going to do for me in the 70’s, TEEE?”
Organized by Herbert H. Heller, chairman of TEEE’s
Cleveland Section, as a panel discussion, it featured Dr.
F. Karl Willenbrock, past president of the IEEE; Milton

42

F. Lunch, general counsel of the National Society of
Professional Engineers (NSPE); Dr. Wilhelm H. von
Aulock, chairman of Bell Labs’ Conference of Profes-
sional Technical Personnel (CPTP); and Harold J.
Ammond, executive secretary of the RCA-Camden area
Association of Scientists and Professional Engineering
Personnel (ASPEP). Taped for Tv and sound, and cov-
ered by members of the trade press and other technical
societies, it would be the definitive meeting of the year
a forum with representatives of the classic engineer-
ing society, an engineering lobbying society. a sounding
board organization, and an engineering union. Chair-
man Heller provided the point of departure: “After
years of study before and after graduation, in an era
when technology was king, a growing number of mem-
bers of engineering associations—such as IEEE, ASME,
and ASCE—found salary levels, retirement programs,
and current job security elusive goals. Non-engineering
associations, such as trade and teacher’s unions, mean-
while secured these goals for their members.”

It was Students’ Night, and some 200 students and
engineers filed into Case-Western Reserve University’s
Schmitt Auditorium that cold night hoping to see sparks
fly; instead, they listened to recitations of the facts, fig-
ures, and viewpoints of the four different associations.
For all its promise, the meeting, chaired by Cleveland
IEEE program chairman Dr. O. K. Mawardi, never
got on track. A member of the audience described it as
sounding “like representatives of four religions in de-
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Refereed by Dr. O. K. Mawardi, Cleveland IEEE program
chairman (at the podium), and organized by Herbert H.
Heller, Cleveland Section chairman, the ‘‘What are you
going to do for me in the 70’s, IEEE?” program brought
representatives of the classic engineering society (IEEE),
a lobbying engineering society (NSPE), a sounding board
organization (CPTP), and an engineering union (ASPEP)
together. Pictured here beside Dr. Mawardi are from left:

Dr. Wilhelm H. von Aulock, recently resigned chairman of
Bell Labs’ Conference of Professional Technical Personnel;
Dr. F. Karl Willenbrock, past president of the IEEE; Milton
F. Lunch, general counsel of the National Society of Pro-
fessional Engineers; and Harold J. Ammond, executive
secretary of the RCA-Camden area Association of Scientists
and Professional Engineering Personnel (Photographs by
Richard Sirow).

What is a Sounding Board organization?

Neither fish nor fowl, the Sounding Board organi-
zation occupies a unique position in any listing of
engineering associations. Organized at only two com-
panies [Bell Telephone Laboratories—Conference of
Professional Technical Personnel, Inc. (CPTP); and
General Electric—General Electric Engineers Coun-
cil (GEEC) ], the sounding board is a voluntary as-
sociation of employees which has a one way pipeline
to upper management. This one-way pipeline carries
information obtained in a continuing dialogue with
members and other fellow employees on such matters
as employee utilization, compensation, and welfare.

Classified by the Taft-Hartley Act as a labor or-
ganization, uncertified by the NLRB, unrecognized by
management, and constrained by their own constitu-
tion, the sounding board organization exists in a
limbo-like world with some disquieting problems, ac-
cording to Dr. Wilhelm von Aulock, recently re-
signed chairman of the CPTP. Among these disad-
vantages are:

e Uncertain legal position. They are labor organi-

zations but are unable to take advantage of the Taft-
Hartley Act.

¢ Inability to establish two-way communication
with upper management.

e Impossibility of ascertaining success of efforts.

e The ease with which upper management can
hinder the group by ignoring it.

However, Dr. von Aulock contends that there are
some significant advantages, depending on the type
of company and attitudes of upper management, such
as:

e A simple and efficient communication channel
to upper management and a good clearinghouse for
information for engineers.

e Possibility of success when dealing with “en-
lightened and progressive” management.

e A low budget. Typical dues are $8.00 a year.

e In interactions with upper management, an at-
mosphere of cooperation and mutual respect is vital.
“There is little room for militancy,” according to
von Aulock.

The Electronic Engineer +« April 1970
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Dr. F. Karl Willenbrock: “The IEEE is superb at forming
committees; they can do it at the drop of a hat.”

Milton F. Lunch: ‘“Everybody knows engineers are profes-
sionals, except engineers."’

44

bate, each painting his religion as the best.” Neither the
panelists, the audience, nor the referee could seem to
define, let alone come to grips with, the underlying
problems that had brought everyone together.

Before the question and answer session, each panel-
ist offered a sort of capsule position statement on his
organization. ASPEP’s Harold Ammond, noting that
membership in his 1400-man union is voluntary, stres-
sed that the only real lever a non-union engineer has
when a situation distresses him is to leave the job. He
also touched upon the founding of CESO (Council of
Engineers and Scientists Organization), an international
federation that may be a step toward professional union-
unity. Milton Lunch of NSPE pointed out that his or-
ganization seeks to embrace nearly every interest of
the engineer, with the exception of technical matters.
This, he said, means promoting the professional, social,
and economic welfare of engineers in such matters as
salary, pensions, ethics, trade secrets, etc. Dr. F. Karl
Willenbrock reiterated that the 160,000-member TEEE
is interested in maintaining its traditional role of dis-
seminating technical information “quickly and accu-
rately.” And finally, Dr. Wilhelm von Aulock developed
the case for and against the Sounding Board organiza-
tion (see box).

Ring around the rosie

Following these introductory remarks came the ques-
tions. They ranged over such matters as encouragement
of more students to enter the profession, the image of
the engineer, codes of ethics, salary levels, the problem
of who represents the engineer, and portable vested
pensions. Unanimity of opinion was most in evidence on
the last topic, seemingly the only hard issue developed
all evening. Willenbrock’s position was that a portable
pension program “would do more to make the engineer
a real professional than anything else.” Other worth-
while comments were presented:

e “If an engineer is not backed up or protected by
a group such as a union, a code of ethics is meaningful
only when it agrees with company objectives. If they
disagree, the company-supported policy will win. It is
no accident, I think, that the criticism of automobile in-
dustry came from a lawyer, not an engineer.” (von
Aulock.)

e “Unions are ill-suited to meet the needs of en-
gineering employees.” (Lunch.)

e “One characteristic of the IEEE is that it includes
technicians, students, engineers, and people from all
phases of management. If it would change to become
more concerned with economic welfare, it would lose
this diversity.” (Willenbrock.)

e “Engincers’ salaries are set by supply and demand.”
(Lunch.) '

e “Not only IEEE, but other engineering societies,
including EJC (Engineers’ Joint Council), are actively
recruiting new engineers. EJC is seeking $500,000 to
encourage the entrance of new engineers into the pro-
fession. And this week, thousands are being laid off.
You better get some control or you’ll be working for
nothing. T know engineers laid off last July who are still
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looking for jobs because they want to stay in the same
area.” (Ammond.)

e “It would be a serious mistake to do what the
AMA did and control the number of students going into
a profession. As a result our country, which has a high
standard of living, has a low standard of health care
compared to other countries. The same thing could
happen in engineering.” (Willenbrock.)

e “You should think seriously of requiring a four-
year liberal arts course before the engineering training.”
(Lunch.)

e “An indication of psychic income is the rate of
turnover of professional employees.” (von Aulock.)

e Everybody knows engineers are professionals, ex-
cept engineers.” (Lunch.)

e “In answer to the question what the NSPE spe-
cifically does for the professional, social, and economic
welfare of the individual employee at RCA, Lockheed,
GE, or Westinghouse, it doesn’t do anything. It tries to
enhance the whole profession; it is not geared to the
individual.” (Lunch.)

As trenchant as these remarks are, they also indi-
cate the shotgun approach to the problems that pre-
vailed throughout the session, an approach that at-
tempted to deal with too wide-ranging an area.

The positive side

Although Joseph Fitzgerald, a member of the Cleve-
land Section, felt that the forum’s title had a selfish

sound and that many are satisfied with the IEEE, the
evening disappointed part of the audience and some of
the panelists. The IEEE answered no large questions,
except to state that it would continue to educate and
communicate with the engineer on technical matters in
the best way possible, unless the membership expressed
a desire for change. A member of the audience asked
Dr. Willenbrock if the IEEE intended to form a com-
mittee to investigate some of the areas that had been
discussed that night. He retorted that “the TEEE is su-
perb at forming committees; they can do it at the drop
of a hat.” However, he did say that he would like mem-
bers to send him their views, in concrete terms, on
problems and/or proposals dealing with issues vital to
engineers. The Electronic Engineer will be pleased to
forward all such comments to Dr. Willenbrock. Prob-
lems of planning, failures of execution, and unfulfilled
expectations aside, certain factors surrounding the meet-
ing do offer a measure of promise. That the meeting
took place, that such a title had been chosen, that four
men representing a large and important element of the
profession had come and talked, and that Karl Willen-
brock took an inventory of the hard-core problems fac-
ing his membership are all to the credit of the organizers
and participants. A single meeting will not produce the
changes that are needed, but it may be indicative of a
new and long-delayed move toward providing the engi-
neer with a professional security and stability that he
now lacks. The rest is up to you.
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This new
digital
cloek is
sysiems
oriented

For systems requiring a digital output
of time and date, Chrono-log offers
the Series 30,000 Integrated Circuit
Digital Clock, systems oriented
because . . .

IT MEETS EXACT SYSTEM NEEDS —
choose from standardized options
such as BCD or NIXIE display, out-
puts of hours-minutes-seconds or
other time formats, addition of month-
and-day or day-of-year calendars, par-
allel or serial (or both) output gating,
standard or expanded operating tem-
perature range . . . and many more.

IT SAVES SYSTEM SPACE — meas-
ures only 134 in. high, 834 deep and
half-rack wide.

IT CUTS SYSTEM COST—basic clock
costs less than electromechanical or
discrete-component models. Also, use
of standardized options assures the
features you want (over 7,500 com-
binations available) at off-the-shelf
prices.

Uses for Chrono-log Digital Clocks
include real time and elapsed time
inputs for data logging, data trans-
mission, data processing, time dis-
play, telemetry and digital printout
systems.

For complete information write

Chrono-log Corp., 2583 West Chester
19008 or call

Pike, Broomall, Pa.
(215) 356-6771.

CHRONO-LOG

CORPORATION
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WELCOME

This column welcomes new companies or
new divisions in the electronics industry.

The chips are down!

The formation of Semiconductor
Electronic Memories Inc. in June of
1969 introduced a dynamic new mem-
ber to the field of Msi/LsI technology.
Because of its automated assembly
techniques, the company promises a
random access memory which will be
competitive in price to core memory
systems.

To be more exact, SEMI will be
introducing a family of eight random
access memory systems this month.
The systems range from 128 words x
8 bits to 1024 words x 9 bits and are
fabricated using bipolar semiconduc-
tor chips. But what’s really important
is that the company, instead of using
wire bonding, flips the chips and as-
sembles them using a controlled col-
lapse, reflow solder method which
significantly lowers the cost.

And these systems have other not-
able features as well. Their cycle
times, for instance, are 200 ns with
a power consumption of 2 mW/bit.
The advantage here is obvious when
you consider that the cycle time of
core memory systems is usually 2 ys,
and the power consumption of an
equivalent size system is ten times that
of the new systems. Also, the packing
density of the new systems is 500 bits/
in.2, double that achieved by core sys-
tems in this size range.

The leaders behind this challenging
new firm are Mr. William R. Arnold,
president of the company, and Mr. T.
W. Hart Jr.,, manager of product
development, Both had been independ-
ently involved in the semiconductor
memory business before, Arnold as
assistant to the director of product
reliability at IBM’s component divi-
sion, and Hart as manager of 1c mem-
ory products at Motorola. Mr. Trude
C. Taylor, chairman of the board at
Electronic Memories and Magnetics
Inc.,, arranged financial support
through his company for their en-
deavor.

Experience in the field is a major
contribution of all the members of
the managerial staff. Dr. A. H. Mones,
serving as vice president of technology,
was co-inventer of IBM's solid logic
technology process. Mr. F. H. Kost,
vice president of engineering, directed
development programs in IC test sys-
tem design at IBM. And Mr. Don
Winstead serves as vice president of
marketing, having previously held the
same position at Signetics.

Mr. Winstead reminds us that
SEMI, although funded by Electronic

Memories and Magnetics Inc., is a
separate corporation. “We have com-
pleted construction of both our $1
million semiconductor operations fa-
cility and our modular operations fa-
cility in Phoenix, Ariz.” Initial product
deliveries are expected to commence
towards the middle of the year.
Circle 499 on Inquiry Card

Components outlet

The Semiconductor Assembly Divi-
sion of General Instrument Corp.,
located in Newark, N.J., is emphasiz-
ing silicon bridge assemblies. More
specifically, the new division is taking
semiconductors manufactured by its
“big daddy™” and utilizing them in as-
semblies of all kinds. Formed one
year ago, the Semiconductor Assembly
Div. is presently offering a range of
high voltage selenium and silicon
rectifiers (puck, cartridge, and block
types) which have been designed for
use in X-ray equipment, radar ovens,
precipitators, and oscilloscopes. A
range of standard modules, as well as
assemblies and custom designs are
available, depending on the customer’s
request.

According to a spokesman for the
new division, “competition in this
sphere is great. However, by knowing
semiconductor devices as well as we
do, and because we can work in chip
form and assemble the chips into
master assemblies, we feel we have
the competitive edge.”

A solid-state voltage multiplier for
color TVs is also being offered by
the Semiconductor Assembly Div. De-
signed to replace the high voltage
rectifier tube in the horizontal deflec-
tion circuit, the voltage regulator tube,
and the selenium focus rectifier, the
muitiplier’s cost is presently the same
as these three components, but is
expected to drop as production in-
creases. The solid-state device delivers
25,000 V to the picture tube without
radiation, which is its advantage over
the vacuum tube design. Another
salient characteristic of the multiplier
is a high-frequency silicon diode
module that is capable of handling
high overload currents. Other key
features include greater reliability,
lower power dissipation, modulariza-
tion, and the possibility of a more
compact horizontal deflection circuit.
The device supplies 25 kV at 2.5 mA.
Regulation is better than 6% from
no load to full load from a voltage
input of 8.3 kV.

Circle 500 on Inquiry Card
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Our past can forecast your
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You may be interested, as many of us are, in
checking your daily horoscope. However, past
accomplishments are usually due to individual
talents, rather than to a zodiac reading.

Link Engineers have devoted their time to going
about the business of being first—first in advanced
electronics technology. Our Advanced Technology
personnel developed the Spacecraft Television
Ground Data Handling System which reproduced
every photograph of the moon’s surface resulting
from the Ranger, Mariner and Surveyor missions.
Our Transportation Products group is chartered to
work-in four technical fields concerning transpor-
tation—traffic control, railroad and rapid transit,
cargo and container identification and aircraft
ground control. Our Ordnance personnel have
produced eleven systems for the Apollo mission
alone, while also contributing heavily to Saturn

ST
\\\\\\\\\\\\\\\\\\\\\\\ 5
,‘/////////////////,//‘ , /\\

and other projects. Beyond these achievements,
Link engineered the Lunar Module Mission and
Apollo Mission flight simulators—used to train the
people who extended man’s parameters to the
surface of the moon.

Quality and superiority in advanced products
comes first with Link. That’s where you come in.
Opportunity is unlimited. And, the San Francisco
Peninsula embodies all the excitement of the
California way of life for you and your family.
Forward your inquiry to Mr. Richard Nadzam, 1105
Kern Avenue, Sunnyvale, California 94086. We are
an equal opportunity employer.

SINGER

LINK DIVISION

Circuit Design Engineers, Logic Design Engineers, Digital Test Engineers, Systems Engineers, Electronic
Sales Engineers, Scientific Programmers, Digital Technicians.

The Electronic Engineer « April 1970
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General Instroment’s new one-package
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It takes only one MTOS MEM 1056 in one 24 lead dual
in-line package to drive a seven segment fluorescent read-
out tube such as the DIGIVAC* S/G.

Conventional IC counter decoder and driving systems re-
quire at least 3 packages to do the same job.

The elimination of the need for all but this single package
means lower installation costs, lower PC board costs, less
assembly and test time and, of course, higher reliability.

The MEM 1056 is an MTOS monolithic integrated circuit
designed primarily to operate in conjunction with a seven
segment fluorescent readout tube for displaying numeric
information. It contains a one decade up-down BCD
counter, a storage register, a BCD-to-seven segment de-
coding matrix and display drivers. The device features:

Direct Display Drive Capability
Low Power Consumption
Count Zero Indication
Decimal Point Indication
False Code Indication
Blanking Input

The up-down counter sections of the chips can be cascaded
to form synchronous counting chains. Also, by utilizing
external elements, asynchronous, one-megacycle, up-down
counting can be achieved irrespective of the number of
counter stages cascaded.

The description and features of the MEM 1056 BCD are
basically the same as those of the MEM 1056 except that
the BCD version has four BCD outputs.

Both the MEM 1056 and MEM 1056 BCDs are available
from your authorized General Instrument Distributor. For
full information write General Instrument Corporation,
Dept. 56, 600 West John St., Hicksville, L. I., N.Y. 11802.
(In Europe, write to General Instrument Europe S.P.A.,
Piazza Amendola 9, 20149 Milano, ltaly: in the U.K., to
General Instrument U.K., Ltd., Stonefield Way, Victoria
Rd., South Ruislip, Middlesex, England.)

*DIGIVAC is a registered trademark of Wagner Electric Corporation

NSTRUMENT

GENERAL INSTRUMENT CORPORATION « B00 WEST JOHN STREET, HICKSVILLE, L. I, NEW YORK
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FROM YOUR
MOS/LSI
DESIGNS

The formula for low cost MOS/LSI
is where you reassume design re-
sponsibility and Cartesian takes
care of wafer fabrication. Costs?
Less than you think . .. $1,000 buys
you ten, two-inch MOS/LSI wafers
from your plates . . . fabricated
under tight process control and
using proven technology. Fringe
benefits: Simple purchase order
procurement, protection of pro-
prietary information, and 2 to 3
weeks delivery. Cartesian also
makes exceptional masks: Fewer
defects, tight registration and
close line width tolerances . . . we
have the equipment and organized
skills to deliver masks that meet
spec first time out. CARTESIAN,
INC., 10432 North Tantau, Cuper-
tino, Calif. 95014. Telephone (408)
257-0481.

Circle 35 on Inquiry Card

Parametric Design of Digital Filters:
April 13-16, Boston; $275. To provide
the basic mathematical design pro-
cedures and techniques for realizing
digital filter transfer functions and
digital representations of continuous
systems. Technology Service Corp.,
225 Santa Monica Blvd., Santa Moni-
ca, Cal. 90401.

Data Communications I: April 14-15,
Montreal; $165. For those with ex-
perience in the design of batch-type,
data-processing systems who want an
introduction to data communications,
fundamental technical concepts, equip-
ment and services, message control
concepts and software principles. ACM
Professional Development, 1133 Ave-
nue of the Americas, New York, N.Y.
10036.

Data Communications II: April 16-17,
Montreal; $165. Problems of planning
for data communications including
determination of service requirements,
selection of hardware to fit applica-
tions, building adequate controls and
evaluation of proposals and software
packages. ACM Professional Develop-
ment, 1133 Avenue of the Americas,
New York, N.Y. 10036.

Integrated Circuits, Bipolar and MOS:
April 20-22, Atlanta; May 11-13, New
York; $295. Emphasizes selection and
specification of circuit types and
identifies design limitations of digital
and linear 1cs; recognition of differ-
ences between ics and their discrete
counterparts. RCA, Institute for Pro-
fessional Development, Box 962,
Clark, N.J. 07066.

Printed Circuit Technology: April 20-
23, Cleveland; $345. Designed to give
an overview of the technology in-
volved in the design, fabrication, as-
sembly and production of pc boards.
Sylvania, 63 Second St., Waltham,
Mass. 02154.

Digital Communications: April 20-24,
Chicago; $395. Develops the practical
design criteria of digital communica-
tion hardware. Various modulation
techniques and optimum coding
schemes are presented with practical
applications of information theory in
the field. RCA, Institute for Profes-
sional Development, Box 962, Clark,
N.J. 07066.

Integrated Circuit Technology: April
21-23, Chicago; $290. To provide
necessary information on spec sheet
evaluation, cost-reduction mcthods,
state-of-the-art devices and circuit de-
sign techniques for greater efficiency
and reliability. Sylvania, 63 Second
St., Waltham, Mass. 02154.

Microelectronic Soldering and Braz-
ing: April 27-28, Boston; $175. De-
tails the behavior of materials as
related to microelectronics in order
to analyze the methods of obtaining
optimum bonding conditions. Empha-
sis will be placed on prebonding
operations and the bonding process.
Technical Forum Assoc. Inc., 545
Technology Sq., Cambridge, Mass.
02139.

Digital Systems Engineering: April 27-
May 1, Wash,, D.C.; $390. Digital
design principles and interfacing tech-
niques involving such subjects as
sampling theory, A-p and D-A conver-
sion and modern encoders. RCA,
Institute for Professional Develop-
ment, Box 962, Clark, N.J. 07066.

Logic Design: April 27-May 1, Syra-
cuse; May 4-8, Minneapolis; May
11-15, Huntsville; $395. To learn
selection of the most straightforward,
practical approach to digital circuit
design. Currently available numerical
and graphical design methods will be
illustrated to increase logic design
effectiveness. RCA, Institute for Pro-
fessional Development, Box 962,
Clark, N.J. 07066.

Solid State Parameters and Models:
May 12-13, Madison; $100. To pre-
sent the latest state-of-the-art in the
techniques of gathering parameter
and model data preparatory to com-
puter design. David P. Hartmann,
Univ. of Wisconsin, 432 N. Lake St.,
Madison, Wis. 53706.

Data Communications Systems: May
[3-15, Washington, $250. Orients the
potential user in system design as-
pects, hardware considerations and
software organization and implemen-
tation, Institute for Advanced Tech-
nology, Control Data Corp., 5272
River Rd., Washington, D.C. 20016.
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YES!

NORTRONICS
will show these
and other
IBM-compatible

DIGITAL
HEADS*

7 and 9 Track
Dual Gap
READ AFTER WRITE

7 and 9 Track
Single Gap
READ /WRITE

sootn 50010

See them there or write for specs!

*Card Reader and Mini-Digital Heads too...
From The World's Leader In Magnetic Record-
ing Heads.

Hortronics

"/ COMPANY INC

8101 Tenth Avenue North
Minneapolis, Minnesota 55427
(612) 545-0401
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PRODUCT SEMINARS

This column lists product seminars
that electronic companies offer to
users of their products.

Vacuum Technology: April 13-15,
Palo Alto; $195. Thin-film deposition
by sputtering and evaporation and
surface research (Auger spectroscopy)
are the fields you’ll become familiar
with at this seminar. You’'ll also re-
ceive background information on
vacuum instrumentation and tech-
niques. Varian, 611 Hansen Way,
Palo Alto, Cal. 94303,
Circle 493 on Inquiry Card

Operator’s Seminar: April 14-17, Can-
ton. Machine characteristics, capabili-
ties and limitations are taught to you
as you receive background information
on the operating techniques of Instron
testing equipment. Instron Corp., 2500
Washington St., Canton, Mass. 02021.
Circle 494 on Inquiry Card

Maintenance Seminar: April 27-May
1, Canton. As you work with Instron
testing equipment you will learn
practical applications, troubleshooting,
service and preventive maintenance
techniques. Instron Corp., 2500 Wash-
ington St., Canton, Mass. 02021.
Circle 495 on Inquiry Card

Operation and Maintenance 1912 Visi-
corder: May 4-8, Denver, $180. Using
basic knowledge of electronics and
solid-state devices, and repair experi-
ence on correlated instrumentation,
you'll be well prepared to learn the
operation, calibration and mainten-
ance of this sophisticated recording
instrument. Honeywell Inc., Test In-
strument Div., Box 5227, Denver,
Colo. 80217.
Circle 496 on Inquiry Card

General Instrument Seminar: May 4-
15, North Wales; $100. You'll become
directly involved in discussions and
workshop experiences on both meas-
surement and control of such regulated
process variables as temperature,
pressure, flow, pH and conductivity.
Leeds & Northrup, North Wales, Pa.
19454,
Circle 497 on Inquiry Card

Application of Instruments and Instru-
ment Systems to Dynamic Analysis:
May 11, New York City area. The
purpose of this seminar is to help you
get the best mileage from your SDC
instruments and systems. Spectral
Dynamics Corp., Box 671, San Diego,
Cal. 92112,
Circle 498 on Inquiry Card
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WITH OUR LASER
INTERFEROMETER

Cartesian’s laser interferometer-
controlled photo-repeater provides
exceptional masks through pre-
cision stepping. ENVIRONMENT:
Class 100 laminar flow. Stable,
proven processing technology.
FIT: +0.03 mil from mask-to-mask
at the master level over 95% of
patterns (encompasses registra-
tion, chip size differential, and chip
rotation). LINE WIDTH TOLER-
ANCE: Held to 0.03 mil or 10% of
line width, whichever is less. DE-
FECTS: Fewer than 10 defects/in?. ¢
Defined as any clear irregularity in
dark area or dark irregularity in
clear area whose largest dimen-
sion is greater than 0.1 mil. RE-
SULTS: We take time from the
beginning to plan mask-making
thoroughly, ensuring delivery of
masks that are right the first time
out. Contact the company that has
the equipment, organized skills
and common sense to do your job
right. CARTESIAN, INC., 10432
North Tantau, Cupertino, Calif.
95014. Telephone (408) 257-0481.
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UNIVERSAL

INCREASES FLEXIBILITY
IN PROTOTYPING
PRODUCTION AND
FIELD SERVICE

U Series panel with
point to point wiring
saves time, space and money

input-output connections.

Request complete I. C. folder.

IC PACKAGING PANEL

M Available in multiples of 9 row sections up to 54 rows.
m Each 9 row section accepts 3 plugs for interfacing or

®m Accepts 14, 16, 24 and 36 lead Dual-in-Line integrated circuits.

® Doulle sided board with power and ground planes connected
to additional wire wrap terminations outside of contact row.

B Wire wrap terminations with tri-level connection length.

Au GAI Tel: 617-222-2202
inc. 39 Perry Ave,, Attleboro, Mass. 02703
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Plugs into your PC board... mates with plated conductors

Where memory without power is a re-
quirement in the design of control circuitry,
the use of the “LD" relay results in a com-
pact-low cost module. Reliability is assured
by the unique design which includes, as
standard, many features not generally avail-
able in commercial relays.

Encapsulated coil, bifurcated gold or
palladium contacts, low thermal EMF, plug-in
without sockets or soldering, low bounce and
chatter, series-break switching eliminates pig-

tails, permanent magnet avoids return spring
and mechanical linkage—all of which assures
continuous performance for many millions of
cycles.

Available with 6, 12 or 24 VDC 1 watt
coil (AC operation with series diode) in 2, 3
and 4 pole configuration. Series break swing-
ers permit each pair of fixed contacts to be
etched with common (Form C) or isolated
(Form A plus Form B) switching between
make and break circuits.

For data write or call 212-EX 2-4800.
Printact Relay Division, Executone, Inc., Box 1430, Long Island City, N.Y. 11101

52 Circle 39 on Inquiry Card

Here is your
copy of a brand new
reference chart
sponsored by
AT.AMBDA

ELECTRONICS CORP.

v

Guide
to

POWER SUPPLY
Selection

. ..and
mount it on
your wall

If the chart has been

removed, Circle Num-

ber 41 on the Inquiry
Card for a copy.
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MOS Course—Part 3
Applications of MOS circuits

MOS arrays in a data terminal

Interfacing MOS and bipolar logic p. 62

p. 67

MOS shift registers in arithmetic operations p. 71

So far, our course on Mos integrated circuits has de-
scribed the making of the devices (part 1) and combin-
ing them to form circuits (part 2). This month, we will
look into some applications for these circuits.

Interfacing MOS and bipolar logic

Most applications of Mos circuits are in systems that
also use bipolar devices. Part 1 of the course touched
upon a few of the problems associated with this mating.
Attempts to make the two more compatible have given
birth to several types of Mos devices with low-threshold
voltages. However, these low-threshold devices are only
a partial solution to the problems of interface, as is
illustrated by the use of Mos circuits in the construc-
tion of shift registers, one of their most popular applica-
tions. An Mos shift register presents two different kinds
of loads to the bipolar logic driving it. Besides the nor-
mal logic input, the register must be supplied with a
clock (or clocks), presenting an entirely different inter-
facing problem. The first part of this month’s Mos course
is devoted to ways of combining M0s and bipolar. On
page 62, you will find a discussion of just what the
problems at the interface are. More importantly, you
will also find circuits to help you solve these problems.
The article includes methods of interfacing Mos with all
of the popular bipolar logic families. Because of the
popularity of TTL in today’s systems, special attention
is devoted to the TTL/MoOs interface.

MOS in data terminals

Many optimistic predictions have been made about
the future of Mos. Up to now, the figures have been a
bit disappointing—for a variety of reasons. But things
are beginning to change; more and more devices are
becoming available and an increasing number of com-
panies are committing themselves to Mos.

One of the first companies to make such a commit-
ment—Viatron Computer Systems—supplies the sec-
ond part of this month’s course. Viatron, with their
System 21, is one of the largest users of Mos ICs in the
United States. The article shows you how they make
substantial use of Mos arrays in the System 21 data
terminal. This is hardware being built today.

Arithmetic operations with MOS

This segment, mainly covering desk calculators,
rounds out the April MOs course. MOs and calculators
have not always been a happy combination. The ex-
ample of the Victor calculator, one of the first attempts
to use Mos in a piece of commercial equipment, readily
springs to mind. But the main fault in this project was
trying too much too soon; calculators are a natural ap-
plication for mos. Since the paramount concerns are
size and cost, the ballgame belongs to Mos. While Mos
circuits cannot compete with bipolars in speed, they can
certainly pack more function in a given area.
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MOS course—Part

Interfacing MOS
and bipolar logic

These circuits can help you ease the

communication problem between MOS and bipolar.

By Tom Reynolds, Applications Engineering
Motorola Semiconductor Products Inc.

Logic circuits that use Mos devices operate with a
variety of power supply voltages and a wide range of
logic swings. With limited exceptions, neither the input/
output levels nor the power supply voltages match those
of the popular bipolar logic families.

Because of the variety of Mos operating levels, a
number of different circuits are needed to interface
bipolar and Mos logic. However, a few generalizations
are possible. Most Mos circuits operate with widely
spaced power supply potentials and with logic levels
that are relatively close to the high and low power
supplies.

The MOS gate

The typical Mos gate is electrically a capacitor. It
draws essentially no current in either the high or low
state. Changing the level, however, is equivalent to
charging or discharging a capacitor—generally through
a moderately high resistance.

62

The basic requirements for operating a Mos logic in-
put are an adequate voltage swing at the appropriate
levels and sufficient current capability to drive the ca-
pacitance at the required speed.

The circuit for a particular translation requirement
depends on the Mos devices employed, the bipolar
family driving it, and the relative values of both the
bipolar and Mos power supplies. In order to define
specific translation circuits, you must consider the re-
quirements of the particular Mos device. A suitable ex-
ample is the Motorola MC1150, a one-of-eight Mos
multiplex switch. This device requires a logic swing of
approximately 10 V making it incompatible with the four
most common forms of bipolar logic—DTL, TTL, RTL,
and EcL. (The logic swing for these families ranges
from the 0.85 V of ECL to somewhat more than 3 V
for pTL and TTL.)

The key translating circuit parameter is the poten-
tial of the Mos circuit substrate (commonly labelled
Vss). The Mos devices switch at a threshold voltage
that is determined by the gate potential relative to the
substrate. In the case of our example, an input tran-
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A TTL or DTL to MOS buffer for a substrate voltage of
+10V. The bipolar gate (G;) can be any TTL gate with open
collector output or DTL gate with passive pull-up. Typical
values of R; and R. are 10 K2 and 3 KQ respectively. If G is
an active pull-up TTL gate, resistor R, should be eliminated.

This circuit is useful when the MOS substrate is at +5 V.
It can be driven by any TTL or DTL gate. The diodes prevent
the saturation of Q, and reduce the turn-off time. The use
of these diodes is optional and depends upon the speed
required from the translator.

This translator can be used when the MOS substrate is
at system ground. G: can be any DTL gate with a passive
pull-up or a TTL gate with an open-collector output.

+13V

28 ] e

|
I
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| : I
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register
| output |
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A RTL to MOS buffer. The RTL expander has an open-
collector input. You can use the diodes shown with dotted
lines to reduce the storage time of Q, by keeping it out of
saturation.- This technique is most significant for transistors
whose storage times are > 60 ns such as the 2N2222.
Because of the transistor's inherent high speed, the diodes
do not appreciably improve the performance of transistors
such as the 2N3508. By replacing the RTL gate with a TTL
gate having an open-collector, and changing the 3 Vto 5V,
the circuit will convert TTL logic levels to MOS levels.

Power supply

y

st Ers

VWV~

1kQ Vo
2V <Vp =30V Rg cs
IVI + V2I =30V Power /-‘I;\
supply

A clock pulse driver for a MOS shift register. The gate G
must provide an active pull-up to produce the desired delay
time and fall time (t:) in the output waveform. Transistor
Q. acts as a switched current source and provides current
drive to Q.. Since Q: is never saturated, it produces little time
delay. The diodes keep Q: out of saturation and reduce the
turn-off time of Q. if fast diodes are used. Capacitor C.
couples the voltage transitions at the output of G: to the
base of Q.. This coupling also helps to decrease the turn off
time of Q.. Because of the voltage level shifting provided by
Q. and Q; V, and —V. can cover a wide range of values.

For normal operation, V. is equal to the substrate voltage.
The most common substrate voltages used are O V, 45V,
and +13 V. Typically, —V: is about 26 V below V.. The clock-
driver shown can handle any of these three substrate volt-
age conditions while still interfacing with TTL/DTL, O to +5
V-logic signals. The clock line must be held within 2 V of
the substrate voltage between clock pulses. This driver meets
this requirement since Q. pulls up the capacitive load to
one Ver drop below V.. In the other direction, the load is
charged to a voltage equal to two diode drops above —V.
since the Ve of Q: is held to a diode voltage drop.

Transistors Q, and Q. form a complementary emitter fol-
lower pair. Using the emitter-follower configuration to drive
large capacitive loads can produce stability problems. With
a large enough capacitive load, the real part of the input
impedance to an emitter-follower can become negative at
high frequencies. If the source impedance of the source
driving the emitter-follower is small, the real part of the
total impedance at the emitter-follower input can remain
negative. This results in ringing type oscillations during
voltage transitions at the emitter-follower input. Resistor R
in the clock pulse driver provides for additional series
resistance between the collector of Q; and the base of Q..
This eliminates the possibility of oscillation when Q. is
charging C, to —V..

When driving large capacitive loads, the V, and —V. power
supplies are required to deliver fairly large transient cur-
rents. If the lead lengths from the power supplies to the
clock pulse driver are long, or if the capability of the power
supplies is somewhat deficient at these peak current loads,
use of the decoupling networks, consisting of R;, Rs;, G.
and C; is strongly recommended to prevent large voltage
spikes on the power supply lines.
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TTL/MOS Interfaces

TTL as a MOS clock driver

The guaranteed output levels of TTL circuits are
< 0.4V and > 2.4 V. On the other hand, Mos single
phase clock inputs require levels more negative than
—9 V and less negative than —2 V. Therefore, it is
necessary both to amplify the signal and to shift levels
at the TTL-MOs clock interface.

Applying a positive voltage (called V) to the sub-
strate of the Mos circuit accomplishes the level shift-
ing. Normally, all voltages in a Mos circuit are
referenced to the substrate potential. While Vgg does
not have to be connected to ground, it does have to
be the most positive voltage in the Mos circuit.

You can passively amplify the TTL signal at the
interface by returning the TTL output through a re-
sistor to a minimum 410 V (referenced to TTL
ground). Normally, the TTL output would go to
about +3.5 V at the 1 level; it now goes to 410 V.

The size of the resistor determines the drive capa-
bility measured in pF at a given frequency. The
normal O level current of the TTL determines the
minimum resistor size. The circuit shown has an
output resistance of 4.17 ) and the maximum volt-
age allowed across it is 0.4 V. The minimum resistor

value is:
R, 9.6 9.6 4.17
WL SR Vel B b T
4.17 0.4 0.4

The power dissipated in the TTL device is only 19
mW, +20 mW at 1 MHz for discharging the line
capacitances. The resistor dissipates approximately
12 W. The resistor gives a rise time of 100 ns when
driving 400 pF or 50 ns when driving 200 pF. The
100 ns rise time is adequate when operating at 800
kHz or less. The realizable clock drive capacity in
terms of number of circuits depends to some extent
on the capacitance of the interconnecting wiring.
When less drive capacity is required, the resistor

Tvcc=+5v T+|ov

: ¢—= To Vgg of all registers
>0 $R=100Q
<
LTLt >c To clock drive inputs
5 >°ﬁ \ of all registers
Output will swing from +0.4
to +10 VOLTS or —9.5V to
SN_5405/7405 OV referenced to the Vgg
= of the registers.
Vees+5V
1309
Q ¢ Va6 Vop
|
T1;L' g
outpu npu :
stage ) MOS register o
Q, R$620Q
= Vgg=+OV

value is increased and the power appropriately re-
duced the number of sections of the hex inverter
used could also be reduced.

TTL to MOS interface

TTL circuits can provide data and control signals
to Mos circuits in the same manner that they supply
single phase clock drive. A standard 54/74 single
output with a 620 ( resistor to +10 V can drive 64
pF with a risetime of 100 ns or 32 pF with a rise-
time of 50 ns thereby providing considerable fanout
into Mos circuits. The 541 /74L series of circuits
have only 1/10 of this drive capacity, so their use-

sistor is off when the gate potential (relative to the
substrate), is less negative than —2 V and is on when
the gate potential is more negative than —10 V relative
to the substrate. As a result, the circuit configuration
used for a logic level translator depends on the voltage
applied to the substrate (V) of the Mos device.

MOS shift registers

Among the most popular applications of Mos cir-
cuits are shift registers. Widely used as a temporary
information storage media, the typical Mos shift register
presents two kinds of loads to the driving circuitry. One
load is the data input, which is essentially a MOs gate
load. In addition to this conventional mMos load, the
typical shift register also requires one or more clock
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inputs that impose stringent driving requirements. To
investigate the problems of interfacing Mos shift regis-
ters with bipolar logic, consider the requirements of
the MC1141, a triple, 66-bit, dynamic shift register.

The logic levels of this register are not compatible
with TTL, DTL, or RTL levels. The type of circuit used
to translate between bipolar logic levels and Mos logic
levels depends upon the voltage connected to the Mos
substrate. A common method of operating the shift
register is with the substrate at +13 V-and Vpp at 0 V.
In this type of operation the clock pulse O level is be-
tween 11 and 13 V and a 1 is between —6 and —14 V.
For the data input, the logic O is between 11 and 13 V
and the logic 1 is between 0 and 1 V.

Operation of our dynamic shift register requires two
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¢ VGG VDD= Gnd

. Vee=5.1V 1o 5.5V

=R 54/74 series TTL

b3 47080
* +5%

EA MOS 1
output

stage II:T

(Fanout of one)

—

o
Vss=5.V to 5.5V

Vee= 15V
Single CC? To other clock inputs
phase
clock = Vee=-16V Vpp
Vees+

i[5 S:RI e +sV
Eg:ja TVCC=+5V EA —R,‘ ’ )
control [ MOS IC R Al TTL)}-o
signals ——I[r 2

TTL 1 I

o R ::R|

= ‘=————®Fanout

Fanout Vgg=+I0V to +12V

fulness for this purpose is limited to low speed appli-
cations. The standard 54/74 output driving Mos
takes the form shown below.

Tests show that the voltage across R remains
below 0.001 V as the +10 V is raised to approxi-
mately +18.5 V. The TTL leakage at this higher
voltage increases rapidly with applied voltage but
the process is non-destructive, and repeatable as the
voltage is reduced. The conduction is not due to
leakage through Q, but rather, the current path is
through the diode and the base of Q,. All of the
54/74 series circuits use this circuit except the ones
with open collectors (good to +28 V) and the

buffer. The buffer (5440/7440) output does not
have the diode, and tests on that circuit show that
a gradual leakage starts at about 410 V. The buffer
is, therefore, not recommended for this application.

MOS to TTL interface—Method 1

In this method, Vg of all Mos circuits and V¢ of
the output TTL circuits are supplied with +5 V.
Driving a standard 54/74 circuit requires an effective
resistance to ground of 250 Q. Therefore, most Mos
circuits need an external parallel load resistor. Gener-
ally, the nominal value of this resistor is 500 €.
This in parallel with the worst case Mos 1 level out-
put impedance of 500 Q gives the required 250 Q.
If the value of this resistor is too low, the TTL 1 level
noise margin is reduced. While this method has the
advantages of fewer parts and lower power than
Method 2, which follows, it has the disadvantage
that the +5 V output signal cannot subsequently be
used to drive other Mos circuits without an active
level change.

MOS to TTL interface—Method 2

With this method, outputs are compatible with
inputs so that signals may flow through any combina-
tion of Mos and TTL circuits without active level
shifting. The basic biasing scheme is shown below.

When certain Mos outputs drive other Mos cir-
cuits in this system, V,, for those outputs may be
connected to V. Because the 1 level output imped-
ance is nominally 2000 Q when V,, = —27 V,
this is not the best solution for 3 MHz operation,
unless the output capacitance load is reduced. A bet-
ter alternative raises Vgg to +12 V min. and keeps
Vpp grounded. When operating at 3 MHz into 54/74
loads, the +12 V should be regulated as the power
dissipation in multiple output circuits could become
objectionable.

(Contributed by Electronic Arrays Inc,, Mountain
View, Calif.)

clock signals which are denoted by ¢1 and ¢2. The
rise and fall times of these clock signals must be less
than 100 ns and the minimum clock pulse width is

230 ns. The clock frequency must be between 10 kHz
and 1 MHz.

The clock pulse driver must be capable of producing
voltage swings of about 26 V on a capacitive load in
less than 100 ns. The typical capacitance of either clock
line is 80 pF. So, for systems using a large number of
dynamic shift registers, the capacitive load of the clock
line can be quite large.

The task of translating from Mos to bipolar levels
can be far simpler if the Mos substrate is at a potential
that is more positive than the bipolar ground. A simple
resistive divider between the output buffer of the shift
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register and a negative potential can accomplish this
translation. This simple network provides the nominal
high and low input values required to drive TTL or DTL
logic.

For applications that require not only reducing the
logic swing of the Mos circuit, but also level shifting,
the problem is analogous to that of bipolars driving
Mos and circuits similar to those shown in Figs. 1 and
2 can be modified to provide the proper levels.

INFORMATION RETRIEVAL

Integrated circuits, Computers and
peripherals, digital design
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Got masks, need parts? %

Send masks. Get parts. Two weeks. ELECTRONICS CORPORATION

3697 TAHOE WAY, SANTA CLARA
CALIFORNIA 95051 (408) 732-2204
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instant turnaround
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MOS arrays in a data terminal

MOS and data terminals—here’s why one company

thinks they are a winning combination.

By Richard Perrin, Mgr. MOS IC Development,

Viatron Computer Systems Corp., Bedford, Mass.

The control center of Viatron’s System 21 uses MOS
logic and storage elements that allow the input and out-
put of data through a combination of channels. The
system has a main memory that is capable of storing
five 80-character records (where a character is the
standard 8-bit AscII code).

The three basic elements of the memory are the five
storage areas, the memory control, and the memory
timing. Interfacing with the memory are two other sub-
systems—a video display and a microprocessor. Among
its functions, the microprocessor supplies data to the
memory and commands the memory to perform vari-
ous operations. Two independent data outputs are pro-
vided from the memory: one to the microprocessor and
the other to the display. Since they are independent,
neither subsystem is interrupted by the other. In this
way, the display can request data transfers from the
memory regardless of what the microprocessor is do-
ing with it,

Record storage

The storage area for each record contains 80 char-
acters of 8 bits each. The storage is character-organized
so that the entire 8 bits of each character are operated on
in parallel. Hence, there are eight, 80-bit shift registers
for each record of storage. These registers are dynamic
and normally recirculate the data.

The outputs of a record are wire-ored to the corre-
sponding outputs of the other four records, requiring
that the output have a disconnect buffer that goes to
a high impedance when the record is not selected. The

<—Circle 40 on Inquiry Card

buffer then allows the outputs of another record that
has been selected to drive the line. The wire-or con-
nection is used because it requires five times less pins
than a straight circuit-orR method.

DISPLAY Display
TRANSFER REQUEST data out
>
’_ Record | storage
>
Record 2 storage
o —4
= )
£ =
€ c
= MATCH b
2 > I
g g Record 3 storage =
D )
= =
b |
Record 4 storage
-
Microprocessor
commands Record 5 storage
-

Microprocessor Microprocessor
data in data out

Block diagram of the memory
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DISPLAY
TRANSFER REQUEST

4&_‘ 80-bit shift reg.
RECORD (X)
WRITE > [
RECORD (X) 80 -bit shift reg. — (Display
READ | g e
MATCH | [5 80-bit shift reg. b e
s
5
o
o [-_l-] 80-bit shift reg. o
£ s
° o
o °
©
"5 ~
= 80-bit shift reg. =
- =
o
o
=
Q
80-bit shift reg. s
o
2
Input — | S
data 80-bit shift reg. e e
LR
L4
— o
o
—— [ 2
4&1__4 80-bit shift req. —| ¢
——1 L
D -

Storage for one record. To write in the memory, the RECORD
(X) WRITE command is activated to the desired record.
When the MATCH becomes active, the correct location is at
the output of the shift register. At this time, the input gating
breaks the recirculation path and inserts the input data
character in the shift register. Only one character is written
in the memory and the recirculation path is restored.

To read thé memory, the OUTPUT GATING is enabled and
the recirculating data is presented at the outputs. The
MATCH is used to indicate which memory location is being
addressed by the microprocessor and, at the time it occurs,
the character at the memory output is transferred to the
microprocessor. In similar fashion, the relative timing of
the display and memory is arranged so that the desired
characters are at the memory outputs when the display

transfer request is activated.
Voo
[ Q7

—Vee ~Voo
. Qutput
L data
(G
1~ g

—VGG

W

Q3 Q,

e

o
(6]

SLL

l Disconnect= J 1
Data “Vool  Data iz

Disconnect buffer. The circuit contains eight MQOS devices
and requires the following three signals: DATA, DATA, and
DISCONNECT. Setting DISCONNECT to —Vpp holds the gates
of the output transistors at ground and forces the transistors
to an off condition. To transfer data, DISCONNECT is set to
ground.
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— Flag + Record | write
e
e
Instruction) — Flag Record 2 write
word o
e
] Flag Record 3 write
—
" Flag Record 4 write
Execute —* o
o
L
£ Flag Record 5 write
s
MATCH — B3] ity
3
= Flag Record | read
2 |
-
Flag Record 2 read
E———* Record 3 read
Flag Record 4 read
Flag Record 5 read
ACKNOWLEDGE

The memory control decodes the read and write commands.
When a read or write is performed, the microprocessor goes
into an idle state until it receives an ACKNOWLEDGE from
the memory indicating the completion of the operation.
The memory control generates the ACKNOWLEDGE when it
receives the MATCH signal during a read or write. The memo-
ry control can also erase a record by simultaneously com-
manding a read and write to the selected record. It does
this for two MATCH signals to guarantee that the entire
record is erased and then sends an ACKNOWLEDGE to the
microprocessor.

Dynamic counter Dyn=0
(80 state) = Horiz. Sync
Coincidence circuit B
(7 bits) Cursor match
Overflow j
-
Match counter le—— { Lnput
(2 decades) — [ digit
——
- Load Load
+| | |[Reset BSD LSD
Instruction decode
Y g Execute
Instruction pulse

word
The memory timing section.
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Data management terminal for Vaitron’s System 21.

Memory control and timing

The microprocessor commands the memory to per-
form certain basic operations. The two areas that accept
the commands are the memory control and the memory
timing. An 8-bit instruction word indicates the opera-
tion and the microprocessor generates an execute pulse
to initiate the command. The memory control decodes
the read and write commands to the desired record. A
complete recirculation cycle of the memory takes ap-
proximately five execution cycles.

The memory timing contains the address location
counters. The dynamic counter is an 80-state BCD device
that continuously counts at the memory shift rate. When
it passes through the zero state, it automatically de-
fines address location zero. A match counter maintains
the current location that is being addressed. When the
contents of the match counter equal the contents of the
dynamic counter, a match is generated to indicate that
the output of the memory storage registers has the de-
sired location. The microprocessor controls the location
it wishes to address by operating on the match counter.
The basic operations are add 1 (forward space), sub-
tract 1 (back space), reset to all O’s (similar to car-
riage return) and load a particular number (as in an
index). This loading is done in two steps, one to load
the least significant digit and the next to load the most
significant digit. The digits are Bcp and the match coun-
ter counts in BCD. The counter has an overflow indica-
tion that is used to prevent the system from accepting
additional characters (beyond the standard record
length of 80) if the operator tries to enter them.

The memory is partitioned in two separate ways.
The first, a 2¢ design approach, uses the following ar-
rays: one memory control, one memory timing, and
twenty dual 80-bit storage registers. The second par-
titioning uses 4¢ logic and reduces the number of arrays
to the following: one memory storage and timing and
five arrays of eight, 80-bit storage registers.

INFORMATION RETRIEVAL

Computers and peripherals, Digital design,
Integrated circuits.

Short-run

and Prototype

PC Boards?

Starting from scratch, Chemical
Micro Milling Company can
produce your short-run and
prototype PC boards for you with
a turn around time as low as seven
days. CMMC'’s centrally-located
PC board facility is geared to create
high quality short-run and
prototype, high density, single
and double-sided boards with
plated through holes.

CMMC can make them for you in as CMMC can etch all metals (not just

copper!) and offers a full range

4 of plating—copper, nickel, gold
llttle aS Seven days e o ¢ and tinntillate. Full facilities are

EM Chemical

Micro Milling
=% Company

A division of Magnetic Metals Co

also provided for flushing of
circuitry.

Let CMMC—Chemical Micro
Milling Company—bid on your
next short-run or prototype PC
board job. You’ll save time. You'll
save money. Call CMMC collect
for full details.

PENNSAUKEN, NEW JERSEY @ Phone: (609) 964-2030 NEWPORT BEACH, CALIFORNIA @ Phone: (714) 545-9413 ELK GROVE VILLAGE, ILLINOIS @ Phone: (312) 439-5830
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IMOS:

[THE INDUSTRY’S FIRST ION-IMPLANTED MOS DEVICES]

dual 64-bit TTL compatible
shift register. It’s loaded with
Tomorrow features. Like
greater than 10 MHz operation.
Low clock capacitance
(typically, 25pf) and low power

Because our MOS
integrated circuits are ion-
implanted, they can handle
20 MHz data. And they’re pin
compatible with P-channel
MOS.

For literature, data
sheets, and name of nearest
distributor, please write:
Hughes MOS Division,

500 Superior Avenue,
Newport Beach, CA 92663.

lon-implantation gives
them ultimate automatic gate
registration without process
complications.

dissipation (typically 0.1 mW
per bit per MHz at operating
frequencies over 10 MHz). And
it's priced at $24.95 per unit in

HCTRO107: Revers-
ible Decade
Counter with
Seven-Segment
Decoder and
Drivers @ $12.50

HCTRO0507: Seven
Stage Binary
Counter, 7
Outputs, @

00

$7.
HCTRO0201: RST
Flip-Flop @ $1.65
HCTR0102: Com-
mercial/Enter-
tainment Bina
Divider @ $0.8

STATIC SHIFT

REGISTERS

HSSR2016: Dual-16
Bit @ $5.95

HSSR2064: Dual-64
Bit @ $16.00

) LISR0064 20 MHz/

REGISTERS HLOG2304: Triple 3,
HDSR3066 Trlple -66 Dual 2 NOR Gates
Bit@ $ @$4.00
HDSR4064 Quad -64 HLOG2306: Dual J-K
Bit @ $23.50 Flip-Flop @ $4.00
ION-IMPLANTED MULTIPLES
MOS (IMOS) SHIFT HMGUL 14«}4',,:
REGISTERS eneral Purpose
HDSR2164: 10 MHz/ U2, & $10.25
B;I:Ia-f:lc&sthlft General Purpose

Quad @ $14.75

HMUL1884: Quad

Dual-Switch @
16.25

Register @ $24.95

Saomny |8

R egister HMUL2661: Six-
$35.00 (1 up) Channel Switch

MULTIPLEXERS @ $15.75

HMUX1756: 4 Bit  DUALS
o380 Ve"er  HDSWBS50: High
HMUX1784: 4 Bit Level Switch @
D-to-A Converter HDS%Ggs
@ $39.80
HMUX2542: Dual Amplifier @ $7.45
2-Bit Commutator
29.95
HMUX2641: 4-Bit

Commutator @
$29.95

Example: our HDSR2164 quantities over 100 pieces.
HUGHES STANDARD MOSINC DEVICES
COUNTERS DYNAMIC SHIFT LOGIC ELEMENTS DISCRETES

HDGP1000: General
Purpose Switch

@ $0.70
HDGP1001: General
Purpose 30-ohm
Switch @ $0.80
HDIG1030: General
Purpose @ $3.10
HDIG1886:
Electrometer @
3.55

HDSW2106: Low-
Resistance,
20-ohm Switch
@ $4.40

HDSW3005: General
Purpose Low-
Leakage Switch

$3.30

HDSW8318: General
Purpose Switch

TS
HDSW8348: General
Purpose 50-ohm
Switch @ $4.10

B 7
HUGHES AIRCRAFT COMPANY

MOS DIVISION

SUBSYSTEMS

HSUBO0525: TV Sync
Circuit @ $15.00

HSUB5021: Differ-
ential Digital
Analyzer @ $18.00

COMPLEMENTARY
MOS

LCOS4007: Dual
Complementary
Pair plus
Inverter @ $20.00
(1 up)

Note: All prices for
100 and over
quantities except
as noted.

SAMPLE KITS

#1 Electrometers
@ $9.75 each

#2 Switches @
$21.90 each

#3 Multiplexers @
$149.75 each

#4 Counters @
$33.56 each



MOS course—Part 3

MOS shift registers
in arithmetic operations

Here's how the new generation of
desk calculators uses MOS.

By Jack Irwin, Application Manager
National Semiconductor Corp., Santa Clara, Calif.

Although this article emphasizes desk calculators, the
basic techniques can be applied to other equipment
such as accounting machines, data terminals, billing
equipment, and some types of test instruments. All of
these applications have a characteristically slow operat-
ing speed due to an interface with an operator or some
mechanical device.

The adder and the memory are the two major areas
of a desk calculator that are most affected by the slower
speed. For example, the adder in a computer must be a
high speed, multiple bit, parallel adder; compare this
to the calculator, which at worst case operates on a
digit (4 bits) with correction.

The memory for the typical computer relies on ran-
dom access of at least several thousand words. On the
other hand, the calculator uses relatively few words of
sequential access storage. While the basic data flow may
vary between different types of calculators (and related
systems), the sequential flow is typical and is based on
economics.

The functions that a calculator performs on its data
fall into the three general categories: data modification,
movement, and comparison.

Data modification includes producing the sum or dif-
ference of two variables, incrementing or decrementing,
and clearing (or setting to zero). One part of finding
the sum or difference is detecting when a carry is gen-

<—Circle 44 on Inquiry Card

erated and then correcting those digits affected by the
carry. The data movement operations are left and right
shifts, insertion of new data, register to register trans-
fers, and output to some device(s).

The storage device and its effects

With the exception of a few machines that used core
storage, most of the early desk calculators used delay
line storage. Characteristically, while a delay line is
economical in terms of cost/bit, its ability to extract
the data is very limited and expensive.

Because of this, machines using delay lines for stor-
age tend to use both a bit- and digit-serial structure for
the data. In many cases the data would be interlaced on
a bit or digit basis. This forced the system designed to
store the bit or digit of one argument until the other was
present. During arithmetic operations, two options were
possible: to correct the digit and not deposit it in the
register until the next cycle, or to go back through the
data, correcting any digits that required correction.

With the first use of Mos registers, the penalty for
more access to the data was drastically reduced. Since
the introduction of bipolar compatible Mos devices, the
configuration of the register area and the adder/sub-
tractor circuit has been optimized to take advantage
of this easy access.

This freedom of access may lead in two directions.
First, the data could be stored digit-serial, bit-parallel.
(In order to compare this with other configurations, we
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A digit-serial, bit-
parallel configuration
of 3 arguments, each
of which is 16 digits.
This approach offers
high-speed operation,
but with the cost of
increased hardware.

shall use an example of three arguments of 16 digits
each.) Because the bits are in parallel, this approach
has the advantage of relatively high speed operation. For
the 16-digit example, it requires only 16 clock pulses
(cycles) to complete an operation.

In this parallel configuration the adder/subtractor
must be fast enough to find the proper sum and cor-
rect it if necessary. With the data flow gating and com-
plementing circuit, this amounts to four or five levels of
logic. At nominal MoOs operating speeds, TTL devices
such as the DM800O0 series gate easily to meet this re-
quirement. Use of more complex devices such as the
DM8283 adder could reduce the number of packages.

Performing the addition in parallel has the advan-
tage of making all data immediately available for the
correction. With the corrected value available, the
proper result may be placed back in the register within
one bit time.

The significant disadvantage of the bit parallel ap-

Add

B
Subtract

B

Subtract
A Dbit-serial adder/
subtracter. This cir-
cuit requires only two
full adders. Con-
versely, the adder/
subtracter for a bit-
parallel configuration
uses seven full ad-
ders.

. R
- DR
N B
N =

(16-bit shift registers)

o R RREE  -

- T -

proach is that it requires more hardware in all areas.
For example, the parallel adder is much more expensive
to implement than the serial version.

The other method of using the data access of Mos
registers is to use the bit-serial, digit-serial configura-
tion. This configuration has the advantage of fewer data
control nodes than the parallel structure. It can also use
the more efficient (cost/bit) 64 or dual 64-bit registers.

The adder/subtractor is affected most by this change
in configuration. Significantly it requires only two full
adders as opposed to seven in the parallel configuration.
Other considerations aside, the reduction in the number
of full adders is the major benefit, because of the cost
factor.

A factor in the design of a bit serial BCD (or Excess
3) adder is that at no time is the complete number
simultaneously available to test for correction. The only
recourse is to either store the need for carry/correction
information, or, more commonly, to store the result in

4-Bit shift register
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(64-Bit shift registers)

a 4-bit shift register. This temporary storage serves two
purposes: the result may be examined during the fourth
bit time of a digit to ascertain the need for correction/
carry; and the result during the next digit time is cor-
rected by adding or subtracting six under the control
of the correction flip-flop.

The temporary storage of the data has an important
side effect. The temporary storage is a 4-bit (1 digit)
delay. Hence the result is delayed or shifted with re-
spect to the original arguments.

One of the easier methods of realigning the data is to
provide the additional clock pulses to the register after
the sum or difference has been generated. Since the
shift is relative to the data in the other registers, we must
provide clock pulses to the result register but not to
the others in the system. Unfortunately, a system using
separate clock drives to various registers is not as eco-
nomical as one with a common clock drive because of
the cost of the additional clock drivers.

The bit-serial, digit-
serial arrangement
reduces hardware
count.

There are two ways of avoiding the use of the mul-
tiple clock drive. One method of realigning the result
register to the remainder of the system is to shift all of
the other registers through the same or a similar delay.
Then the complete system is realigned.

The other method of using common clocks and per-
forming the delayed correction shortens the path length
of the addition cycle. You can do this by either insert-
ing the data into the register 4 bits late or extracting the
data from the operand register 4 bits early. Data flow
is selected from the proper registers and gated into the
serial adder. Four bits later the corrected result is ready
to be inserted into the result register at its properly
aligned position.

INFORMATION RETRIEVAL
Integrated circuits, Digital
design, Computers & peripherals

BCD arithmetic func-
tions using a register
with an early extrac-
tion tap. Such a reg-
ister is designed to
realign data using a
common clock sys-
tem. In this example
some of the data flow
gating for the adder
and the input to the
registers has been
shown.
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NTERFACE FROBLEV

NEW PHILBRICK NEXUS MODEL 4850

PROVIDES THE VERSATILITY TO
SOLVE YOUR CONVERTER
INTERFACING PROBLEMS.

Three Mode Integrator Model 4850 is a multi-purpose
module with reset, integrate, and hold operation modes
that may be controlled by external digital signals applied
to two internal mode command comparators. The input
command levels to these comparators is directly compatible
to DTL and TTL logic levels. Provisions have been made
for elevating the reference input above common or
interchanging inputs for inversed logic commands.

The comparators control FET electronic switches that
provide excellent “feedthrough’’ characteristics and
eliminate the need for cumbersome relays in your system.
Combined with excellent stability, the Model 4850 has
the versatile performance necessary to solve those
converter interfacing problems.

Electrical Specifications

Low Hold Decay Rate — 30M V/S with Cs = 1UF
Wide Feedback Capacitor
Range — O0.001UF to 10MF

Command Logic Input

Step Level — +0.35V to £5V
Low Switching Jump — 120UV with C¢ = 1MF
Low Feedthrough Voltage — +40MUV
Low Aperture Time — 800nS
Temperature Coefficient — 20UV/°C
Overload Recovery Time — 35US
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;
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; % VI —4
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Contact us for a copy of Model 4850 Applications Guide.
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For other specialized applications try these Philbrick Nexus
non—linear function modules.

Square Law Elements Models 4353 and 4354 are
temperature - compensated, straight-line approximation,
ten-section diode function fitters with break points
adjusted to fit a square law relationship.

Temperature Compensated Logarithmic Operators
Models 4350 and 4351 are complete modules providing
an output voltage proportional to the log or antilog of
the input signal, without a requirement for external
amplifiers or components.

Average—RMS—Vector Operator Model 4352 is a small,
encapsulated unit designed to find the average value of
an input signal, Y; find the RMS value of an input signal,
X; or perform the operation\/ X2 + Y2 on the input
signals X and VY.

Multiplier—Continuous Function Operator Model 4450
is a true four-quadrant multiplier whose output represents
the instantaneous product of the two input signals, with

no limitations as to the polarity of the input signals.
For further information on any of these Philbrick Nexus
products, call your local Philbrick Nexus field representative,
or write today for your free copy of the new 1970 Philbrick
Nexus Catalog. Teledyne Philbrick Nexus, 67 Allied Drive at
Route 128, Dedham, Massachusetts 02026. U.S.A.
Telephone (617) 329-1600

No. 1 should do more . . . you expect us to.

YT TELEDYNE
PHILBRICK NEXUS
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DESIGN FEATURES

Modern techniques
of analog multiplication

Multiplier differences in construction and
performance mean a wider choice for you.

By Tom Cate, Burr-Brown Research Corp., Tucson, Arizona.

As performance improves and prices tumble, analog
multiplier modules grow more popular. Reduced costs
have been obtained through new design approaches and
low-cost 1C op amps. However, each new design tech-
nique has its benefits and limitations, making choice of
the right multiplier for your application more difficult
than ever. The behavior of different multipliers having
the same accuracy specification may vary in a particu-
lar circuit. The user will find a knowledge of the prin-
ciples behind multiplier design helpful in choosing the
best one for his application.

Because it is impossible to consider all multiplier de-
sign techniques in one article, our discussion will be
limited to commercially available, modular, low-cost
amplifiers.

“Quarter-square’”” method with diode-shaping nets

The quarter-square technique has been used for many
years, particularly in general-purpose analog computers.
Although partially displaced by new designs, it still of-
fers advantages where accuracies of #=0.5% or better
are needed with signal frequencies in the range of dc to
100 kHz. The advent of high-performance, low-cost 1C
op amps has renewed interest in the technique but, re-
quiring more components, it remains inherently more
expensive than some of the newer techniques.

Quarter-square multiplication is based on the alge-
braic identity

XY = % (X + V)2 — (X — V)

One-quarter of the difference of the two squares equals
the product XY; hence the name, “quarter-square”
multiplier. As a rule, the quarter-square multiplier ac-
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cepts a range of =10 V on the X and Y inputs and has
an output range of =10 V. To simplify their task. engi-
neers normally design a circuit that takes absolute
values of the (X4Y)/2 and (X—Y)/2 terms before
squaring, so the actual equation is

z XY 1 X+Y ] X-—-Y |2
°_T"1—0U 2 l i l 2 H

Generally, the error pattern will be “lumpy” as shown
in fig. 2. In general-purpose analog computing, this
lumpiness is usually not important. However, it is sig-
nificant in communications or telemetry applications
where multipliers often function as modulators. The
error pattern of quarter-square multipliers tends to gen-
erate more high-frequency harmonic error than other
types, so if inter-modulation distortion, ac null suppres-
sion, or harmonic distortion are critical, the effects of
inherent lumpiness or incremental nonlinearity of the
errors should be considered.

A possible advantage of the quarter-square technique
is good frequency response, only depending upon the
squaring network stray capacitance and the operational
amplifier frequency response. Diode breakpoint drift
may be partially compensated for by deliberately mak-
ing the breakpoint reference voltage drift in the oppo-
site direction. Varying interconnections between the
internal operational amplifiers and the squaring mod-
ules of a quarter-square device provide other operations
such as division, square-root, etc.

“Variable-transductance’’ method using transistors

The term “variable-transductance” is applied to mul-
tipliers that vary the transductance of a transistor by
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Inputs

Output
-XY
10

Squaring
modules

Fig. 1. Quarter-square multiplier, Three operational ampli-
fiers and two one-quadrant squaring circuits will perform
complete four-quadrant multiplication if connected as
shown. Two of the op amps do the summing and the
diodes perform the absolute value operation. The squaring
modules consist of diode-shaping networks that contain a
number of biased diodes. Each multiplier contains two
squaring circuits—one for + and one for — input voltages.

Qutput-current
<— Square law curve

Straight line
approximation,

Input-volts

Error

Input—volts

S NN
: ST

Fig. 2. The output of the squaring networks in fig. 1 is
a current that forms a straight-line approximation to the
square of the input voltage. Since diodes do not have sharp
breakpoints, the approximation can be better than straight-
line. Even so, about ten diode breakpoints are needed for
#+0.25% accuracy and fifteen for =0.1% accuracy.

-0V <+I0V Ro
> Ry :: f—‘V\N———
Y : >——ou—:o
20kQ %X
=l Q2 I+ Ro XY
10003 \ 2| = Eo™10- for
= Vgg1” |=VaE2 Vos R, =20K, R,=50K
o AA and R,=33K
Rp 100KQ| KL | 100k
. el AR
l IK.Q.j: i:mal
~10<Y <0 -5V e +15V

Fig. 3. Basic variable-transconductance multiplier. If we
make the simplifying assumption that the transistor current
gains are infinite, then the base currents will be zero. The
collector current and emitter-base current will be equal,
and the voltage across the base-to-emitter junction will be
related to the collector current by the equation

g ¥
BE

I(; = ]s e pd
where I is the collector current and V, is the base-to-
emitter voltage. Differentiating this equation, we find that
the transconductance of Q7 and Q2 in fig. 3 is

AIl AIz q

q
o I, and =
AVpm ey K1

KT AVans B

Also, I, = I, + I,. Kt/q is approximately 26-mV for
silicon transistors at room temperature. If the transistors
are matched, then I, =~ I, and Vp, ~ V, with the input
at X = O. As the X input varies, the ¥V pp’s vary increment-
ally such that the incremental current variations are

¢ I q. 1L
Al = —— AV 1AL, = —— AVpm
' T KT - 7 T N e o
Al — Al = q, I, (AVgr1 — AV BE2)

2 KT

If X is divided down to the millivolt range by factor «,
and the offset voltage V,, is adjusted for zero differential
output with X = O, then « X = AV, — ABpp,, so

Al — AL, = I aX.

il
2 KT
If R, is large, then the Y input will be essentially a cur-
rent source and I, ~ — (Y, where { is a scaling constant.
The differential output current is converted to a single-
ended output voltage by the op amp. The feedback resistors
R, set the output gain such that

E, = — R, (AI, — AL).
Combining equations, the output is
Ra
B = qu;"xy, where —10 < X < +10and —10 < ¥ <0.

The gains are usually adjusted by varying R,, %, and a«,
such that R, g3/2 KT is one-tenth at 25°C. This will make
the output XY/10.

modulating the emitter current. This technique is be-
coming more widespread, and is used in most new
modular amplifiers costing less than $100. The term
“variable-transductance” has been broadly applied to
different multipliers of widely varying capabilities, caus-
ing confusion about what constitutes a “variable-trans-
ductance” multiplier.

The following discussion is not rigorous, but should
provide an understanding of the principles behind this
type of multiplier. These types all depend upon the for-
ward-biased semiconductor junction-diode expression
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eV
F
Ir = I,ge"'KT,orVF = mEy logﬁ'—
Is
where:
Ir = forward conduction current
Is = reverse saturation current
Vr = voltage across the junction
¢ = charge on the electron
m = constant
T = absolute temperature
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L Q| Q2 }—] _%RO
= Vos
Y input Lok Vos=120mV

Fig. 4. An improved version variable-transconductance
multiplier. The easiest way to improve the basic method
is to add op amps to both inputs. The X-input op amp is
connected for precise attenuation of the input signal and
to provide high input impedance and a low driving imped-
ance to the base of Q/. The Y-input op amp is connected
as a precise current source. The improved circuit is still
very temperature-dependent.

This equation is not theoretically exact; more impor-
tantly, the magnitudes of mK/q and Iy vary from unit
to unit in commercially available semiconductors. Two
of the many ways to exploit the semiconductor junc-
tion equation will be discussed in detail. A simple vari-
able-transductance multiplier is shown in fig. 3. This
basic configuration is suitable for modulator applica-
tions requiring accuracies of 3 to 10%. Several limita-
tions prevent the basic circuit from being used as a
general-purpose multiplier:

a. Because the Y-input must be negative, extra cir-
cuitry must be added to obtain four-quadrant operation.

b. The emitter resistor R, must be small enough to
put the transistor into a favorable operation region, yet
large enough to make the Y-input a true current source.

Adding a transistor or op amp voltage-to-current con-
version circuit on the Y-input will improve the per-
formance.

c. The X-input may vary =10 V, but the transcon-
ductance relationship is only valid over a range of about
#+20 mV at the base of Q/. The X-input must be di-
vided down considerably, so the circuit is very sensitive
to offset variations.

d. The output is very temperature-dependent. Even
with matched transistors, there is a I/T term in the
denominator of the gain equation. The temperature-
dependence of the offset is even more important. For
best linearity, the X-input should be divided down as
much as possible (¢ must be small). But then the gain
must be larger to obtain the same output (R, must be
large). Increasing R, makes the circuit more sensitive
to Vi mismatch and to temperature gradients. A few
millivolts between the transistors can cause volts of
change at the output.

€. The assumptions of infinite transistor gain, ex-
ponential voltage/current relationship, perfectly match-
ed transistors, and an ideal op amp are only approxi-
mations. Even with a constant temperature and a good
op amp, it still remains difficult to obtain *=2% ac-
curacy. Although the basic variable-transductance tech-
nique is adequate for simple modulation needs where
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Choosing the right multiplier

These techniques of multiplying are radically
different; each has its own advantages and disad-
vantages. Once the principles are understood, the
designer can take advantage of the strengths, avoid
the limitations, and choose the best type of multiplier
for his use. Let’s look at some typical applications:

a. Modulator for cathode-ray-tube display. Speed
and linearity are the most important factors in this
type of circuit. Lumpiness (or ripple) of a quarter-
square multiplier output would cause the CRT spot
to “wobble.” An averaging-type multiplier would be
too slow, so some sort of variable-transconductance
multiplier should be used.

b. High-speed analog computer. Accuracy and
speed are usually required, so a fast quarter-square
unit will probably be the best choice.

c. Average power computer in instrumentation
system, If both inputs are very low frequency and
the multiplier output is being read on a meter or
chart recorder, an averaging-type multiplier should
be best. Accuracy and cost are commonly the most
important factors in instrumentation applications.

d. Gain-control in autopilot system. Large air-
craft are basically low-pass filters themselves, so an
averaging-type multiplier would be best. However,
if the gain-control must control the stability of a
system with rapid response, then a variable-trans-
conductance type is more appropriate.

e. Amplitude-modulator of carrier signal. Sup-
pressed-carrier modulation requires good ac null
suppression and good frequency response. Good lin-
earity and low distortion over a wide dynamic range
are also important. A variable-transconductance type
should be the best unit for this application.

offset isn’t critical, it must be refined to make a general-
purpose multiplier.

Advanced variable-transductance multiplier

The inherent limitations of the basic variable-trans-
conductance method may be eased by devising a cur-
rent-controlled, temperature-compensated version* (fig.
5). This approach improves performance, but still de-
pends upon the semiconductor-junction equation. It
provides true four-quadrant multiplication with no in-
herent temperature drift. Since current ratio modula-
tion performs the multiplication, these multipliers can
be designed for high-frequency operation.

Although superior to the basic technique, this method
is more complex. First, the voltage inputs must be con-
verted to differential-output current sources. Then the
signals are processed by three transistor pairs that must
be matched and must also follow the desired semicon-
ductor junction equation. The emitter bulk resistance
is a particularly large source of error. This can be mini-
mized by adding extra components. In addition, the
bias voltage and bias current sources must be carefully
designed. In particular, the bias currents I and I must
be well regulated.

*This basic approach was first published by Barrie Gilbert of
Tektronix in the December, 1968 issue of the IEEE ‘“Journal
of Solid State Circuits.”
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Fig. 5. Advanced variable-transconductance multiplier.
(Circuit changes are on the colored portion of the diagram.)
To simplify the analysis, assume that the input voltages
X and Y have been converted to currents such that
X ¥

daly = Kg—.
2 an E E P)
Also, assume that all transistor gains are infinite, all
transistors are matched, and that the semiconductor junc-
tion equation is

Alp = Kp

QI and Q4 are connected in a diode configuration, making
the collector currents I, + Al and I, — Alp, respectlvely
Writing the emitter-voltage loop equation around Q/, Q2,
Q3 and Q4;

Va — Veee + Vpes — Vas = 0
m KT - ¢ Ip +AIB> _m KT foig I
q k Is q Is
+mKTl _[CL_MKTlog<IR—AIR)=0
Is q Is
log (———IB + Al ) = lo i 2
Ig — Alg Ies

This indicates a current ratio relationship of

Ig 4 Alg Ice

Ig — Alg cx Ics ¢
Similarly for the Q1, Q5, Q6, and Q4 loop:

Ig + Algp _ Ics

Ip — Alp Ies

Since the base current is negligible, the sum of the collec-
tor currents for each pair will be the total emitter current
for each pair.

Tes + Ies = Ig 4+ Algand Ies + Ice = I — Alg.

As with the basic variable-transconductance multiplier, an
operational amplifier is used to convert the differential
output current into a single-ended output voltage. The dif-
ferential output current is given by

Al, = Ics + Ics — Ics — Ica.

The output voltage E, is —R,Al,. To obtain the output in
terms of the inputs Aly and Al first put the collector
currents Iy, I¢;, 1o, and I, in terms of the inputs:

Ios = ( - MB ) Uz +alp)
fos = ( 2+1le ) (s = alp)
oo = (2 2_131‘* ) (s — alp)
Ies = (i;r}ji) (s + Als).

Substituting these results into the expression for A, re-
sults in

2 Alg AT
AT, = e ey L
Ip
Since E, is R,Al,, the output voltage will be
2R,
E, = —— Al Alg.
Ip

The incremental current, Al,, is proportional to the X-

input (Al = KzX/2) and Al is proportional to the Y-

input (Al = K;Y/2), so

R, Kpg Kg
21g

The constants R,, K,, Kp, and Iy are normally chosen

such that

E, = XY.

XY

B =5

Use of unmatched transistors and a straightforward
application of the basic principles can produce accura-
cies of =10 to #=5%. Very careful transistor matching
and compensation of the more significant error sources
can achieve accuracies of better than +=0.5%.

Since matching is important, monolithic integrated
circuit techniques are often used to produce the essen-
tial elements. Presently, accuracies in the range of 0.5
to 2% with economical yields are difficult to achieve.
As this type of multiplier grows more popular, the ac-
curacy may further improve through additional error-
compensating circuitry or new design techniques.

Averaging methods

“Triangle-averaging” and “pulse-height/width” mul-
tipliers all have oscillators that create high-frequency
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waveforms. The oscillator output is modulated in am-
plitude by one input, and along the time-axis by the
other input.

The average value of the area under the curve thus
produced is designed to be proportional to the desired
product. Low-pass filtering at the output integrates the
modulated wavetrain and extracts the desired average
dc value. The oscillator must have a frequency several
decades above the highest frequency component of X
and Y. Multipliers that use the averaging principle are
relatively slow, but accuracies from =#=0.1 to =0.5%
can be obtained from a wide variety of models commer-
cially available at moderate prices. Two of these are
discussed in figs. 6 and 7.

Used mainly in instrumentation circuitry in which two
low-frequency signals are to be multiplied, averaging-
type multipliers combine good accuracy with low cost.

The Electronic Engineer + April 1970
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Eg is positive if (E;+X)>0, and is negative if (E £X)<O.
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Fig. 6. Block diagram of a typical pulse-height/ width
multiplier. The pulse width, Tp, is proportional to the
input X according to

T T i X

AN TR
where T is the period of the triangle wave, and V5 is its
amplitude out of the triangle generator. X and E, are

L.

Time

summed and compared to zero. As X varies from —V, to
+Vp, the pulse width T varies from zero to T. The effect
of this is to modulate the width of T, At X = O, the pulse
width is T/2 and Eg is a symmetrical square wave. The
Electronic Polarity Switch is gated by Eg and has an out-
put amplitude proportional to input Y. The dc average
of the modulated waveform (E,,) is given by

1

E.) Avg. =
(En) Avg T

T
S En,dt
Avg. 7

/g

1 » r
—|:j' Yd+ S (-Y) dtjl
o T

P

~N

lyr,-va@-1)

=3

1
——@¥ T, =TT,

Substituting the expression for T'p into the equation for

(E,,) 44, leads to
x A
T) L YT] L L
2V, Vs

1 T
E) g, = 7 [@1) (5 +
Usually, Vp is set equal to 10-V. Notice that the amplitude
stability of the triangle wave is very important, but the
frequency stability is not.

Triongle-wave
generator

E

X 0———— Summing and Summing
iopi network Output
Inputs clipping £ Ry
Y O—— network 2 wi f'ol‘tN pass ES
ilter

Fig. 7. Triangle averaging multiplier. As with the pulse-
height/width type, a high-frequency triangle-wave is gen-
erated. This time the triangle wave is combined with the
input signals and rectified. The details are cumbersome
and will not be shown; however, two waveforms (E; and
E,) are created whose average values are:

zw+%@—w

(&) Avg. = 47,

1
~2 VP o (XA TP

B Avg. = 4V,

Summing E, and E, at a gain of four provides an output of
—-XY
2V,

Vp is usually made equal to 5 V. As with the pulse-height/

width type, amplitude stability of the triangle wave is
crucial but the frequency stability is not.

E, =

The noise specification and the cutoff frequency of the
low-pass filter should be checked, in view of the in-
evitable compromise between faster response and lower
noise. The high-frequency ac ripple at the output seldom
causes any difficulty if the multiplier is used in a low-
pass system, but capacitively coupling the output of an

averaging-type multiplier into a system can cause prob-
lems.

Future trends

Currently, the quarter-square technique offers a com-
bination of good accuracy with moderate-to-high speed.
Although quarter-square units remain the best choice
for many applications, they will be gradually displaced
by variable-transconductance and averaging units.

The transconductance of a semiconductor junction is
the principle behind a variety of recently developed

The Electronic Engineer « April 1970

multipliers. (Unfortunately, the nomenclature is mud-
dled, and different circuits have been given the same
name.) A judicious blend of monolithic, hybrid, and
discrete techniques should enable manufacturers to fur-
ther improve accuracies and lower the cost of “variable-
transconductance” type multipliers.

Multipliers based on averaging a modulated carrier
combine good accuracy with low to moderate prices.
Their most significant limitations are ac noise at the
output and slow speed. Most averaging multipliers use
several operational amplifiers internally. As higher qual-
ity, less expensive IC operational amplifiers become
available, performance will improve and costs drop.

INFORMATION RETRIEVAL
Circuit design, Data processing, Computers
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Whether you want a wave analyzer
or a spectrum analyzer, the ambi-
dextrous HP 3590A does the job. This
flexibility is achieved through the use
of automatic amplitude ranging,
electronic frequency sweeping, and
linear or log X-Y outputs for graphic
display.

But this dual capability is only the
start of the HP 3590A’s measuring
ability. Add tc this versatility the >85
dB dynamic range, highly selective
bandwidths, ac and dc program-
mability, and a frequency range of
20 Hz to 620 kHz. The sum of all these
improvements is increased perfor-
mance and accuracy at speeds pre-
viously unattainable. Why settle for

less? Witn the HP. 3590A, you get
the measurements you want—when
you want them—faster and easier.

To provide the additional advan-
tages of a special balanced input
with selectable terminating imped-
ances of 75, 135, 150, and 600 (—
the new HP 3591A selective voltmeter
is now available. Multiply this highly
useful input capability by the fact
that the 3591A is calibrated to indi-
cate properly in either dB or dBm
regardless of the terminating im-
pedance selected. One result—an
analyzer capable of making noise
and level measurements on balanced
voice frequency circuits, or on car-
rier systems up to 120 channels. And
this example is only one of the many
applications of an instrument de-
signed with you in mind.

Wave Analyzer or
Spectrum Analyzer?
The HP 3590A is both!

82 Circle 46 on Inquiry Card

The 3590A mainframe is $3200. The
3591A mainframe is $3350. Three
plug-ins are available: 3592A low
cost slave and program unit when
used in second 3590A, $80; 3593A
with 3-digit mechanical display,
$1100; 3594A with 5-digit electronic
counter frequency display, $1600.

To get complete information on
either the HP 3590A or the HP 3591A,
call your local HP field engineer. Or,
write to Hewlett-Packard, Palo Alto,
California 94304. Europe: 1217 Mey-
rin-Geneva, Switzerland.

099/6

I

u”

HEWLETT hp; PACKARD

SIGNAL ANALYZERS
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Variable frequency
wide range

multivibrator has

With this circuit you can get wide frequency
range with variable frequency

capabilities. Exact component values can be
easily calculated with the given formulas.

R. J. Slll'pl'enant, Scientist, LTV Research Center, Anaheim, Calif.

Variable frequency square wave oscillators, such as the
astable multivibrator, have important applications
where precise frequency tuning and/or a wide frequency
range are needed. Normal methods for achieving these
circuits require additional active components and con-
trol voltages or have very limited frequency ranges.
This article describes a circuit that overcomes both of
these disadvantages. Design formulas are included here
for determining component values for various appli-
cations.

Variable-frequency astable multivibrators can be de-
signed using either voltage control or resistance con-
trol. Voltage-controlled circuits, such as the one shown
in Fig. 1 require active components (Q3 and Q4) as
well as a voltage source, V;,. In addition, for low val-
ues of supply voltage, V, the frequency spread between
fmax and fy, is restricted by the useful range of Vj,.

The conventional resistance-controlled multivibrator
is shown in Fig. 2. This circuit requires no active con-
trol components. However, its fui, to fu.e frequency
range is severely limited due to the collector-to-base
feedback path that results from connecting the R,’s
to R. To prevent QI from turning itself off after it has
been turned on, R, must be greater than R. Now, the
expression for the period of oscillation T for this cir-
cuit is,

Fim e O 2D (2 + Ri) (m
h b
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The minimum period occurs when R = 0
2Ry (R
Tin = ——’[;'—) Cln2 =2R,Cln2 @)

b

The maximum allowable period occurs when R = R,

2R, (Ry + 2Ry)
A A B
2R,

Twisz < 8Rs Cln'd

Cin- (2 4= 1)
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Thus,
Loz 3R, Cln 3 1.5n 3
T~ ClRE a3
Tmaz
< 2.36

Improving the design

You can greatly expand the frequency range by re-
moving the collector-to-base feedback path. Figure 3
shows how this is done with the addition of two diodes
and three resistors. In this circuit, when Q1 turns on,
Vy and V, are driven positive but V3 is not since CR2
is reverse biased. Thus the collector-to-base feedback
path is broken and the previous limits on R}, and Tpa,/
T nin are removed.

The new frequency range can now be derived. In
the symmetrical multivibrator the period of oscillation
is given by the expression

T=2X069RC

where R is the total resistance in the discharge path.
In Fig. 3, the maximum period occurs when the poten-
tiometer is equal to its maximum value R,,.

If the supply voltage V, is greater than the diode
drops, they can be ignored in the derivation, and the
results are:

R, + Rs + R,
2 X 0.69 C R: (R; + R,)

Tmaz= 1!
R: + R; + R, ()

R =

The minimum period occurs when R, = 0, or when

R2 R3
Ry +- R;
2 X 0.69 C Ry Ry

Tmin = 2
R: + R, 4

Thus
T s (Rs + R,) (R, + Ry)

Pri B Ry Ry 5= Ry R;

Assume R, >> R, + Rj3 then

Tmaz R'.’. + RS
~ 3
Tmin [ma: R1 ( )

The minimum period of oscillation is limited by the
recovery of the collector voltage V.. If it is allowed to
recharge to 90% of its final value at the highest fre-
quency of oscillation, then the half cycle recovery time
must be 2.3 time constants. Therefore

Toin =2 X 23.CR) @)

Equating this to Twmi, in Eq. 2 yields.
2 X 0.69 C Ry Rs

3CR, =
2 X 2.3 1 R, + R
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or
0.3 R: R

R; + R, = R,

Substituting this into Eq. 3 yields

Tmaz . 0-3 Rz Rs ® 0.3 Rz (5)
CORiEy B

Tmin mazx
The maximum period of oscillation is limited by the
minimum dc circuit gain of the transistor as follows:
Ic S Bmin Ib

then
R2 S ﬁmin Rl (6)

Using the equality in Eq. 6 and substituting into Eq. 5
yields

I—

QZE

AAA
VA%
AAA
VWV

OVs

Fig. 1: Voltage controlled multivibrators, such as the one
shown here, require the use of active components and a
voltage source to control the frequency of oscillation. In
this case, Q3, Q4, and Vi. provide the control. The useful
range of Vi, restricts the achievable variation in frequency
for low supply voltages.

I—

Q QQ;
C c
e ]
A
>
2Ry Rp 3
2R¢ RC%E
R,;E"
oVs

Fig. 2: Although the conventional resistance controlled mul-
tivibrator shown above eliminates active devices from the
frequency control circuitry, its useful frequency range is
quite lim'ted. The limitation is a result of the collector-to-
base feedback path due to the connection of R to the
Ruw's. In fact, the period of oscillation for this circuit is re-
stricted by Tmux <2.36 Tmin.
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Tma:

Tmin |maz

= 0.3 Bmin

A typical B, would be 40 giving a useful frequency
range of 12 as opposed to the 2.3 range of the unmodi-
fied circuit.

Component design formulas

You can use the following set of design formulas to
find the component values for the multivibrator.

1. Choose an R; such that the B, of Q1 and Q2 at

By . :
~p, 1s a maximum.
1

Il‘

2. For a given Ty, or Ty, choose the other such
that

Fig. 3: If you remove the collector-to-base feedback, the
resistance controlled multivibrator can be greatly improved.
This is achieved by adding two diodes and three resistors
to Fig. 2. The useful frequency range is now extended and
the period of oscillation for this circuit is limited by

= 0.3 Bmin

min |max

where Bmin is the minimum g of the transistors. A typical
Bmin of 40 gives a useful frequency range of 12.
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Q Q2
c v v c V,
1 3 \ 1| c
I€ P vl -0
CRI CR2
>
3 Ry
%EFN EERZ Ry : Ry3
s Rp
<>

Tmaz
= 0.3 Buin

Tmin
3. Equation 4 yields the following value for C.
_ Twin o
"~ 46R, 4
4. Solving Eq. 7 for R, yields
Tmin -
R ®
Substituting Eq. 8 into Eq. 6 gives
Bmin Tmin
R, = 5 7 Bmin L1 9)
S. Substituting Eq. 9 into Eq. 2 yields
Trin Bmin B2 Bmin Tmin
= = 10
Rs = T38C oen B = Ton ~ € (1.386men — 4.6) 0

6. Substituting Egs. 8, 9 and 10 into Eq. 1 yields:

Tma.r v 7vmin
R, = 3:38nmn B [
(Bmin — 3.3) (Bmin Tmin — 3.3T maz)

A design example
A 10 — 100 Hz oscillator with ¥V, =6 V will be
designed to illustrate the applications of these formulas.
1. QI and Q2 will be 2N4060’s which have a By, =
40 at I. = 1 mA. Therefore,

R; was chosen to be 6.2 kQ

T 100
2. M = =10 < 0.3 Bmin = 12.
T min 10 A
102
34 0= — = 0.36 uf
1.6 X 6.2 X 10° 5
4. Rz &S, Bmiu Rl = 240 }\Q
40 X 1072
5. Ra — - P
0.36 X 107¢ (1.38 X 40 — 4.6)
= 22 kQ
6. ‘R, = 3.3 X 40 X 240 X
[ 40 X 1078 :I
(40 — 3.3) (40 X 10 — 3.3 X 100) 103
Therefore

R, = 1.1 M@

With the above values and with germanium diodes for
CR1 and CR2, the frequency range was 10.6 Hz to
108 Hz.

References

Goan, Joseph, “Wide-Range Voltage Controlled Multis,” E.E.I.,
April 1, 1964, p. 48.

Manzolillo, Dan, “Single Pot Symmetrically Controlled Astable

Multivibrator,” Ideas for Design, Electronic Design, July 19,
1962, p. 73.
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There isn't another like it.
Y4-inch, single-pole, six position,
28-vdc. Helipot switch for PC boards.

B ==Yl L INSTRUMENTS, INC.

HELIPOT DIVISION
Fullerton, California 92634

INTERNATIONAL SUBSIDIARIES: AMSTERDAM; CAPE TOWN;
GENEVA; GLENROTHES, SCOTLAND; LONDON; MEXICO CITY;
MUNICH; PARIS; STOCKHOLM; TOKYO; VIENNA

Model 374 $2.75 (1-9 pieces)
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IC IDEAS

This month’s Ideas Page
No. 905: Low frequency sine wave crystal oscillator .. ............. ... 88
No. 906: Op amp makes unique one-shot .. ........................ 38
No.907: TTL compatible lamp driver . ... ... oo e e siscnn o 90
No. 908: Zero input impedance preamp . .. ... 90
No. 909: One-shot triggerson both edges of input . .. ............ ... .. 92
Na. 910: Op amp phase shifter for D.op T80® it ol Ghle oL 0 i 92

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.

* |f we publish your idea you win a check for $25.00.

* 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.

* After 12 issues our readers will vote on the best

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

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

Submit your IC ldeas to:

Alberto Socolovsky

Editor

THE ELECTRONIC ENGINEER

Chestnut & 56th Sts.

Philadelphia, Pa. 18139

Here's how you voted

The winning Idea for the October 1969 issue is, ‘A
staircase waveform generator”

James W. Foltz, our prize-
winning author, is an engi-
neer at Motorola’s Inte-
grated circuits center in
Mesa, Arizona. Mr. Foltz
has chosen the Simpson
Model 270 multitester as
his prize.
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905

Richard S. Baggett
Hughes Aircraft Co., Los Angeles, Calif.

Low frequency (less than 90 kHz)
crystals present a problem because
the resistance of the crystal is very
large—on the order of 50- to 100-
k). Because of this large resistance,
the amplifier gain must be large
so that a total loop gain of unity
is maintained.

The p.A702 used in this circuit
provides the large gain needed and
an AGC loop produces a sine wave
output. The acc loop is shown in
the dashed lines. The output is
rectified by CR; and filtered by
C, and R;. The resultant dc voltage
is used to change the resistance
of @, which changes the gain of
the y.A702. The value of C; should
be adjusted until an undistorted
sine wave output is produced.

Low frequency sine wave crystal oscillator

R
2N3386 S Kq)

"

2
a
V‘V‘v o
5 |
m
(2]
n

1-28 pF

OVyut 4 VPP
Sine wave

58KHz

z
=)

€3l

AA

SR3

2700pF

————-
|
I
|
|
L

)
4

T ISKQ

{I——

(Parallel mode)

906

Maxwell G, Strange
NASA, Goddard Space Flight Center, Greenbelt, Md.

This one-shot is inherently tem-
perature stable. The circuit provides
a highly repeatable trigger point
independent of the input pulse rise
time. Also, its output swing can
drive FET switches or reed relays
directly.

Voltage divider R;,, R,, R; and
R, holds the input threshold V, at
a positive value. Therefore, when
the input is at ground, the output
is saturated positively. When the
input level exceeds V;, R; provides
regeneration to switch the output
to negative saturation, Capacitor C
then charges exponentially such that
V, returns toward its normal posi-
tive value. When ¥V, passes through
OV, regenerative action causes the
output to rapidly return to positive
saturation.

Because the inverting input must
return to ground before timeout,

Op amp makes unique one-shot

Trigger point

k Input
- — —— __VT fo. AAA
22KQ
0

(Pulse width<t)
VT
(+0.5V for Vg =15V )y

LM2

/

0

\

RtV

Output

| -I_ 0

"“%_Vs

22KQ3ZRy

you can use an Rrc differentiator if
the input pulse is too long or if
its base level is at some level other

than ground.
Pulse width, variable from micro-

240K ¢ Arh
Ry c
3 =
L T=-g sec.
R S (CinuF)
$200KQ
R, Pot.
200KQ

O+Vg

seconds to seconds, is proportional
to the value of C; a value of 0.005
uF gives about 1 ms. Resistor R,
provides a fine adjustment without
affecting V..

88
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To Digital
IC Problem
Solving

We’'ll be there...

May 11 - New York
International Hotel,
Kennedy Int’l Airport,
Jamaica, L. I

May 12 - New York
Hilton Inn,
Tarrytown, N.Y.

May 13 - Philadelphia, Pa.
Holiday Inn,
Route #1 &
Schuylkill Expressway
May 14 - Washington, D.C.
Twin Bridges Mariott,
Twin Bridges, U. S. #1
May 15 - Florida
Sheraton Ft. Lauderdale
Ft. Lauderdale, Florida

~ whene the priceloss ingrediont & cane!
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Daine Hmunnﬂ,ax

DATA acauisiTion

Digital Systems 70 — an in-depth digital integrated circuit
seminar covering all digital families is on the way. You’ll
learn of new techniques in high-speed logic,discuss complex
and special functions — and probe the new developments in
MOS, CMOS, Poly Cells, CAD and memories.

It will be a full day with a short pause for lunch (included in
the nominal $25 registration fee). And then off to the after-
noon session highlighted by custom MSI/LSI discussions and
a comprehensive high-speed logic applications clinic. Bring
your questions along — you’ll find our panel of ‘“digital
problem solvers” ready to provide tips on Motorola’s complete
digital line.

Reserve Now.

Make your arrangements now as seating will be limited to
the first 250 reservations in each area. Contact your nearby
Motorola Semiconductor sales office or distributor for details.
Or send your check or money order for $25.00 to P.O. Box
20912, Phoenix, Arizona 85036.

May 18 - Texas May 21 - California
Royal Coach Motor Hotel, Sheraton Universal Hotel,
Dallas Universal City
. May 22 - California
May 19 - Chicago : ’
Arlington Park Towers, thi_:(gusseCabana Hyatt
Arlington Heights, lllinois Palo Alto
May 20 - Minnesota May 25 - California
Thunderbird Motel Grand Hotel,
Minneapolis Anaheim

MOTOROLA

Digital Integrated Circuits
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907 TTL compatible lamp driver

Hal Koester
Data Products Corp., Woodland Hills, Calif.

This simple and inexpensive incan- 1 sn7440
descent lamp driver can be made ! 2
with a TI SN7440 dual, 4-input — 680
NAND buffer. The lamp power
source is directly off the 1c power
supply. Each lamp circuit requires
60 mA, and the series resistors are
necessary to limit and balance the
current,

A high level input will turn the Input >————2¢ Type 338 lamp
lamp on. Unused inputs on the buf- 2.7V .06A
fer can be left open or tied to the
driving source if the loading is
allowable, Because of the low in-
tensity of the 338 lamp, a clear
lens cap on the indicator will give
best results. _|2_SN_,440

Indicator

+5V

908  Zero input impedance preamp

Albert E. Hayes
Consulting Engineer, San Jose, Calif. o+l2V

This circuit uses a zero input im-

pedance amplifier as the preamp in

a digital tape reproduce system. In I0KQ
conventional reproduce systems, the v
output voltage from the head is the i

time derivative of the recorded sig-
nal rather than a replica of the [ \\

. S Reproduce OO0IuF
signal itself. hecd }\ wATO2

Also, to maximize the signal $4749 (
voltage at the preamp, you must ’/
maintain a high impedance across
the head. This requirement encour-
ages stray noise pickup and ac-
centuates the undesirable shunting
effect of the distributed capacity of =
the usual shielded head cable. d-ev

Using an Ic op amp presents a
virtual zero input impedance to tegral of the voltage because of mV of ouput signal for each micro-
the head terminals and the output the inductance of the magnetic amp of head current. In addition,
current rather than the voltage is head, it comprises a replica of the an obvious improvement in noise
fed to the amplifier. Since this recorded signal, pickup results from the zero imped-
current is essentially the time in- The values shown give you 10 ance head termination.

>,

60— S—=0

T —
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ALL YOU NEED TO KNOW ABOUT

F RE E SERIES 54/74 TTL CIRCUITS.

272 pages of data list specs, il-
lustrate logic diagrams, give test |
conditions for

o 54/74 STANDARD
CIRCUITS

e 54H/74H HIGH SPEED
CIRCUITS

o 54/74 MSI
COMPLEX
ARRAYS I

WANT THEM RIGHT AWAY? FILL OUT AND MAIL THE COUPON TODAY.

.--------------------------------------------------'

| &
i YES! Send me the 54/74 handbooks [] High Speed Circuits—88 page handbook |
: I've checked. EB25645. -
| [] Standard Circuits—88 page handbook (] MSI Complex Arrays—96 page handbook |
: EB25640A. EB25655. :
: MAIL TO: §
B Name TECHNICAL LITERATURE SERVICE =
B ) SPRAGUE ELECTRIC COMPANY i
g Title 233 MARSHALL STREET 5
[ | NORTH ADAMS, MASS. 01247 | |
'] Company

[ |

| Address :

B Cit

B Y

: State Zip THE MARK OF RELIABILITY
--------------------------------;522;

Circle Reader Service Number 6 Circle Reader Service Number 7 Circle Reader Service Number 8
for 54/74 Standard Circuit Handbook for 54H/74H High Speed Circuit Handbook for MSI Complex Array Handbook.
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Ken Erickson

Interstate Electronics Corp., Anaheim, Calif.

This circuit gives you a pulse of
the desired width whenever the
input changes logic states. If the
input is a symmetrical square-wave
you can use it as a frequency
doubler. Another application is as
a detector to monitor changes in
digital data.

If the Q output of the flip-flop
is initially at logic 0, when the
input changes state, the output of
the exclusive OrR gate goes to a
1 level and triggers the one-shot.
When the one-shot times out, the
output goes low and the inverted
output goes high thus toggling the
flip-flop to the logic 1 state. This
causes the output of the gate to go
low and removes the input to the
one-shot. With each half cycle of
the input square wave this sequence
is repeated.

One-shot triggers on both edges of input

%TI SN7486N

Inputo—)-‘-

\
%Fuirchild 9024

75kq 000pF

+ 5V 00— WVW\—

Output

One shot
Fairchild 9601 _| B
Q)

st A{I l[ s e LA e e i
5 7 i 6 e 50 R B O 0
A

- f-25pus

NIRRT ) o R 50 ) S [ 8 0

910

Irwin Cohen
Theta Instrument Corp., Bogota, N. J.
When a wideband, single - ended
signal must be passed as is or else
phase shifted by 180°, it usually
requires more than one amplifier
and several switching elements.
This circuit accomplishes the
same function with one op-amp
and retains the low source imped-
ance. Switches Q, and Q, are
MOSFETs but any switching element
consistent with the dc offset require-
ments of the circuit could be used.
When Q, is off and Q, is on, the
amplifier is in the inverting con-
figuration with a gain of —1. With
Q; on and Q, off, the amplifier
functions in both the inverting and
non-inverting configurations and by
superposition the net gain is +1.
Matching of the gains in the two
configurations is dependent on the
match of the R, resistors. The re-

Op amp phase shifter for 0 or 180°

o
! : I
For min. dc drift R, = 0.5R, —R,,
(of FET)
R
G D
9 709 o
S %
eln ‘V‘VAv
D K
o . 02 =
S
H__/

To FET drivers

sistance of the FET switches has an
insignificant effect on the circuit
gain. In both modes, the output im-
pedance approaches zero.

You can also use the circuit as
a demodulator by driving the
MOSFETs with a periodic reference
signal,

92
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Take advantage of
RCA's ability

to supply superior
SCR's and Triacs...
when you need them.

Ask our solid-state specialists why RCA’s broad line of indus-
trial SCR’s and triacs excel in quality, reliability, and perform-
ance. They’ll tell you that RCA thyristors are subjected to some
of the toughest quality assurance tests in the industry. Thus,
they save design dollars by virtue of superior performance in
critical applications.

Ask users of industrial thyristors why RCA is a key supplier
and they’ll tell you RCA services the industry! Whatever the
application—area lighting to avionics, regulators to inverters,
or power supplies to modulators —RCA has SCR’s and triacs to
meet your application requirements.

The Electronic Engineer « April 1970

Use these SCR’s and triacs in your control applications:

SCR Triac
Family Rating Family Rating

IT(RMS) VDROM IT(RMS) VDROM
40740 10 A 600 V 2N5568 | 10 A 400 V
40752 20 A 600 V 2N5572 | 15 A 400 V
2N690 25 A 600 V 40671 30 A 600 V
2N3899 | 35A 600 V 2N5543 | 40 A 600V |

NOTE: SCR ratings of 100, 200, & 400 volts and triac ratings of
200 & 400 volts are available in each family. Stud packages &
isolated-stud packages are also available in each rating.

For further details and your copy of the latest thyristor cata-
log, THC-500, see your local RCA Representative or your RCA
Distributor. Or write RCA Electronic Components, Commercial
Engineering Section RJ4 /URG, Harrison, N.J. 07029. In Europe:
RCA International Marketing S.A., 2-4 rue du Liévre, 1227

Geneva, Switzerland.

Thyristors

1
I|||||||H
I\

G
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Full performance
ata price
you can afford

You don’t have to be a Scotsman to
know that you pay more for top per-
formance. So if we told you this new
3-digit DPM was made to sell for less
than $115 in OEM quantities, you'd
figure its performance at something less
than that delivered by our higher priced
models.

But you’d be wrong. And here’s why.

First of all, our initial objective was
to develop an instrument for OEM
measurement needs of the scientific
and medical community. Obviously,
price was an important factor. But so
was performance. The happy solution

*U.S. Pat. #3,051,939

was to eliminate a few of the more
exotic functions that these users nor-
mally don’t require. For example, 100%
overrange and standard BCD output
(an option available on Model 1261).
Secondly, instead of compromising
performance, we've actually improved
it! Model 1261 is a basic 0-99.9 milli-
volt DC meter with 50% overrange
capability, 100 microvolt resolution,
long-term stability, 50 megohm input
impedance, high rejection character-
istics, and Weston's patented dual
slope* circuitry. It's packaged in the
plug-in case that's common to all our

DPM’s, giving you Weston front panel
serviceability.

This latest addition to our DPM fam-
ily brings .1% accuracy within range
of practically everyone’s budget. Make
your own comparisons, spec for spec,
with other digital compacts on the mar-
ket. Write today for complete data and
ranges available.

WESTON INSTRUMENTS DIVISION,
Weston Instruments, Inc., Newark, N.J.
07114, a Schlumberger company

WESTON"’



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.

Amplifiers

Diodes make good gain-control devices, Richard
S. Hughes, U. S. Naval Weapons Center, "Elec-
tronic Design," Vol. 18, No. 3, February I,
1970, pp. 54-57. Diodes can be used for gain-
control of high-performance amplifiers. The cir-
cuits for four transfer functions are shown. They
are: logarithmic function, inverse log function,
hyperbolic function, and linear function. The
subject of diodes used as attenuators is also
discussed.

Charts and Nomographs

The Esclangon diagram for voltage and current
along a transmission line, Michel Poloujadoff,
Institut Polytechnique de Grenoble, "IEEE Spec-
trum," Vol. 7, No. 2, February 1970, pp. 92-94.
One of the problems facing electrical engineer-
ing students is to understand the phenomenon
of voltage and current variation along an elec-
tric line. A graphic method, developed by the
late F. Esclangon in 1943, is enlarged upon
by the author as a useful complement to the
Smith chart and usage of basic formulas.

Nomographs ease circuit designing with op amps,
William H. Huber, TRW, "EDN," Vol. I5, No. 3,
Feb. |, 1970, pp. 37-42. This presents a number
of nomographs useful in the design of summing
and voltage follower amplifiers. The author
claims these graphs will give you a first-try
design accurate to 5%.

Circuits

*Yariable frequency multivibrator has wide
range, R. J. Surprenant, LTV Research Center,
"The Electronic Engineer,'" Vol. 29, No. 4, pp.
83-85. The author discusses a circuit that over-
comes the necessity for additional active com-
ponents and control voltages or very limited
frequency ranges for variable-frequency square
wave oscillators, such as the astable multi-
vibrator.

A.ssemble a sequential counter, Howard Raphael,
Singer Corp., "Electronic Design,' Vol. 18, No.
3, February 1, 1970, pp. 60-62. A step-by-step
method is presented for starting with the num-
ber of stages needed and proceeding to the
logic diagram. Flip-flops and gates are used
as an alternative to expensive, unstocked, MSI
devices.

FETs improve IC op-amp performance, Norman
Matzen, Siliconix, "EEE," Vol. 18, No. I, p. 9.
A simple application note that shows how to
improve the offset voltage of an LM20l opera-
tional amplifier (at the expense of its band-
width and transient response) by adding a
matched pair of low-cost JFETs at the op amp
input, and operating them close to pinch-off.

Gunn and LSA oscillators—capabilities and state
of the art, Prof. Lester Eastman, Cornell Uni-
versity, ''Electro-technology,'" Vol. 85, No. 2,
February 1970, pp. 25-28. Developments that
have been made in the last few years with
semiconductor bulk and transit-time devices
promise to lead the way to simple, completely
solid state microwave systems. Both Gunn Ef-
fect and LSA devices have been developed that
generate power levels large enough to be useful
for these systems. The author presents the capa-
bilities of these graphically and also plots the
experimental achievements that have been made
thus far.

Need a low-voltage dc converter?, N. Poirier &
B Cochun, Northeastern University, ''Elec-
tronic Design," Vol. 18, No. 4, February 15, 1970,
pp. b6-¢8. Bipolar transistors have collector to
emitter saturation voltages of only about 50mV,
so with the proper clocking circuitry they can
be used to multiply dc signals as low as 0.1V.
Circuits for voltage doublers, triplers and clocks
are illustrated.

Nobody here but us Zeners, Richard L. White,
Rigely Banada Corp., "EDN," Vol. 15, No. 3,
Feb. I, 1970, pp. 45-50. The author shows you
how to use Zener diodes to generate alpha-
numeric characters for CRT display. The method
employs 28 Zener diodes to ‘generate ten digits
and uses 60-Hz line voltage, which it splits into
two phases to drive a multiple sine wave-segment
generator. The generator output passes through
summing networks, logic gates, and so forth,
and is displayed in the CRT.

Silicon power transistors—design and applica-
tions, Leo Lehner, Motorola Semiconductor Prod-
ucts, Inc., "Electro-technology,' Vol. 85, No. 2,
February 1970, pp. 29-34. Silicon power transistors
becoming more and more popular as their
performance increases and their price decreases.
But there are critical factors to consider in de-
veloping them for the maximum performance

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
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Institute of Electrical & Electronics

Engineers
345 East 47th Street
New York, N. Y. 10017
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Chilton Company
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Philadelphia, Pa. 19139
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them on your company letterhead.




ABSTRACTS

possible. You must consider power, voltage,
gain, frequency, response, reliability, cost, rug-
gedness and thermal sinking. Here is how they
are produced and how production, packaging
and thermal factors offect their use.

Communications
Data transmission: a direction for future develop-

ment, Harry Rudin, Jr., IBM Zurich Research Lab,
"'"|EEE Spectrum,” Vol. 7, No. 2, February 1970,
pp. 79-85. Dr. Rudin discusses the problems now
existing as a result of the mismatch between
the low-speed terminals and channels capable
of continuous flow of information. Traffic theory
principles make possible combining randomly
occurring messages into a more continuous flow
of data traffic. The outhor states that much can
be done in this area, especially when you con-
sider the impact of pulse code modulation.

Why space broadcasting, R. P. Haviland, Gen-
eral Electric Co., "IEEE Spectrum," Vol. 7,
No. 2, February 1970, pp. 86-91. The efficacy of
satellites for TV broadcasting for both developed
and underdeveloped nctions is examined. The
author makes a case for using a community
satellite in developing areas to initiate TV
service while a satellite could be used in de-
veloped areas to open up the spectrum of
program choice. Cost and telecommunication
policies, both national and international, are
discussed.

Components

*Modern techniques of analog multiplication,
Tom Cate, Burr-Brown Research Corp., ''The
Electronic Engineer,'"" Vol. 29, No. 4, pp. 75-79.
New design approaches and low cost IC op
amps have made a bigger market for analog
multiplier modules. A practical guide to aid
you in the selection of analog multipliers.

Photocell inputs—watts or footcandles?, James
M. Palmer, Centralab Semiconductor, "EDN,"
Vol. 15, Feb. 15, 1970, pp. 35-41. The author
claims that neither photometric nor radiometric
terms currently used 1o describe photocell param-
eters are entirely satisfactory. He discusses pho-
ton and thermal detectors, and the problems
of specifying these devices. Finally, the author
proposes an alternative method of specification,
one which uses a system of units peculiar to
the detector in question. Although it appears
cumbersome, this new method frequently gives
the most repeatable results, according to the
author.

Computers and Peripherals

Decipher the Gray code, Monty Walker, The
Singer Co., "Electronic Design,' Vol. 18, No. 4,
February 15, 1970, pp. 70-74. Operation of shaft
encoders and counters is speeded up when the
Gray code is used in place of binary, because
only one bit changes when transitioning between
consecutive numbers. Methods for converting
from Gray to binary and decimal, and back,
are given for either pencil and paper or logic
circuitry.

Laser recorders pick up where magnetics ma-
chines leave off in speed, capacity, Stanley Par-
nas, Synergistics, ''Electronics,'" Vol. 43, No. 4,
February 16, 1970, pp. 101-103. A new possible
application has been found for lasers—recorders.
Laser beams shining onto film surfaces can be
used to record data much faster than is now
possible with magnetic recorders. This idea can
be applied to permanent type digital-data stor-
age, taking up much less space than magnetic
tape.

MOS Random-access Memories, David Roop,
Texas Instruments Inc., "Electronic Products,"
Vol. 12, No. 10, February 1970, pp. 96-97. This
article reviews the MOS technology as it is
applied to RAMs. Included is a short discussion
of on-chip decoding vs off-chip decoding.

O'pﬁcal Character Recognition (OCR), Thomas
L. Baasch, Assoc. Editor, ''Electronic Products,"
Vol. 12, No. 10, February 1970, pp. 98-103. The

problem of teaching a machine to ''read" is
one that is getting a lot of attention. Here's
a discussion of the techniques that help the
machine understand the written word.

Random-access MOS memory packs more bits
to the chip, Lee Boysel, Wallace Chan and
Jack Faith of Four-Phase Systems, ''Electronics,'
Vol. 43, No. 4, February 16, 1970, pp. 109-115.
A random-access memory made with MOS has
1,054 bits, along with decoding circuitry, on a
150 mil square. The density is achieved by elimi-
nating the separate feedback required to re-
fresh each bit. Through new design, the refresh
portion of the memory cell is shared among
many bits. Thus, leaving more room for strictly
data storing.

Semiconductor memories, Harry T. Howard, Tech.
Ed., "EDN," Vol. 15, No. 3, Feb. I, 1970, pp.
22-33. This surveys computer information storages
that use semiconductsr devices. The author points
out that existing magnetic storage systems are
the bases for semiconductor memory organiza-
tions. How to achieve such organizations eco-
nomically with semiconductors is a current con-
troversy. Ferrite core, bipolar, dynamic MOS,
and static MOS mainframe memories are com-
pared, and available semiconductor memories
are listed by manufacturer and device number.
The listing describes several important charac-
teristics of each device.

Digital Design

Why use current-mode flip-flops?, Ury Priel,
Motorola Semiconductor, ''Electronic Design,"
Vol. 18, No. 3, February 1, 1970, pp. 64-69. The
advantages of current-mode logic are outlined
and the gated R-S flip-flop is examined to illus-
trate them. Antirace flip-flops and master-slave
circuits for lower speed-power products are
discussed.

Integrated Circuits

The anatomy of integrated-circuit technology,
Harwick Johnson, RCA Labs, "IEEE Spectrum,"
Vol. 7, No. 2, February 1970, pp. 56-66. As a
complement to J. J. Suron's article in January,
"A perspective on integrated electronics,' the
author gives reasons for the spectacular growth
of integrated circuits and discusses the conse-
quences.

*|nterfacing MOS and bipolar logic, Tom Rey-
nolds, Motorola Semiconductor Products, Inc.,
""The Electronic Engineer,'" Vol. 29, No. 4, pp.
62-65. Ways of combining MOS circuits and
bipolar devices are discussed, along with a de-
tailed presentation of what the problems at
interface are. Circuits to solve the problems
are recommended.

LS| poses dilemma for systems designers, Eliza-
beth de Atley, San Francisco Editor, ''Electronic
Design," Vol. 18, No. 3, February I, 1970, pp.
44-52. This article is a series of interviews with
systems and semiconductor spokesmen, and at-
tempts to shed light on the question of which
company should design the chips used in systems.

*MOS arrays in a data terminal, Richard Perrin,
Viatron Computer Systems Corp., ''The Electronic
Engineer," Vol. 29, No. 4, pp. 67-69. One of
the largest users of MOS explains how they
make substantial use of MOS arrays in their
data terminals.

*MOS shift registers in arithmetic operations,
Jack Irwin, National Semiconductor Corp., ''The
Electronic Engineer," Vol. 29, No. 4, pp. 7I-73.
Despite an unhappy past history, calculators are
a natural application for MOS. Because of size
and cost advantages, MOS offers more function
in a given area, even though they are slower
than bipolars.

What level of LS| is best for you? G. E. Moore,
Intel, ""Electronics,' Vol. 43, No. 4, February 16,
1970, pp. 126-130. Here is a different idea on
how to decide what's best for you and about
what LS| should cost. It is based upon a mathe-
matical model developed by the author. From
this model you can predict IC prices you should
have to pay for your design and equipment.

Materials

Electrooptic effects in ferroelectric ceramics,
Cecil E. Land, Sandia Lab, and Richard Hol-
land, Jet Propulsion Lab, "IEEE Spectrum,' Vol.
7, No. 2, February 1970, pp. 71-78. Because
ferroelectric ceramics are piezoelectric and op-
tically birefringet and their coefficients of
piezoelectricity and birefringence are electrically
variable, these materials have diverse applica-
tions. Devices that exploit the property wherein
light can be scattered or polarized in an elec-
trically controllable way are discussed.

Packaging

Multiplexer p-c boards are both rigid and flexible
in all the right places, Raymond A. Grueninger,
IBM Corporation, '‘Electronics,'" Vol. 43, No. 4,
February 16, 1970, pp. 116-121. Because of new.
fabrication methods ond films, it is possible to
make multi-layer printed-circuit boards both
rigid and flexible, exactly as required by the
user.

Wire or cable has many faces—know them all
before choosing, Part |, Frank Timmons, Belden,
""EDN," Vol. 15, No. 4, Feb. I5, 1970, pp. 43-5I.
The author's premise is that there is no simple
way to select electronic wire and cable, and
that there is a lot more to the selection of a
cable than whether or not it meets MIL specs.
You can often get a better cable for your appli-
cation, and at less cost, by checking with.the
cable manufacturer rather than ordering blindly
from a military spacification. The author dis-
cusses a wide range of electrical and mechanical
requirements and parameters significant in the
proper selection of a cable.

Power Supplies

Avoid the pitfalls of power-supply connections,
Arthur Darbie, Hewlett-Packard, ''Electronic De-
sign,'"" Vol. 18, No. 4, February 15 1970, pp.
D10-D20. Improper wiring connections can de-
grade the performance of a power supply. De-
tailed discussions of five problem areas are
given, with rules for avoiding trouble. The five
categories are: improper dc distribution, ground
loops, improper remote-sensing connections, im-
proper remote-programming connections, and
improper ac power-input connections.

Test and Measurement

Frequency meter, comparator, phase meter—
three in one, Arthur Delagrange and Robert
Davis, Naval Ordnance Lab, "'Electronics," Vol.
43, No. 4, February 16, 1970, pp. 122-124. This
article describes an instrument that is a fre-
quency meter, a comparator, and a phase meter
all-in-one. Weighing only two pounds, the cali-
bration/measurement unit features crystal control.
The authors claim that it can be built for $150
worth of parts.

Miscellaneous

From engineer to entrepreneur: financing the
transition, John F. Jordan, D. H. Baldwin Co.,
"'|EEE Spectrum,'" Vol. 7, No. 2, February 1970,
pp. 40-4. A well-established company may be
the ideal spot for on engineer with an idea
to look for financing and advice for his new
high-technology firm. Practical suggestions deal-
ing with such items as how to prepare a pro-
posal, preincorporation agreements, and rules
for the '"qualified" stock option are included.

Heat pipes—a cool way to cool circuitry, C. H.
Dutcher Jr. and M. R. Burke, Electronic Com-
munications Inc., 'Electronics,” Vol. 43, No. 4,
February 16, 1970, op. 94-100. You can get rid
of heat by piping it away from the source.
Vapor heat transfer and capillary action com-
bine to carry the heat through pipe-like con-
ductors with good efficiency. Only a little over
a year ago these were still in the laboratory,
now they are commercially available.




Two and three-eighths inches high.
Two and three-eighths inches wide.

That's how to size up a miniature low-
noise traveling wave amplifier. On the
outside. Because right now that's the
minimum size for designing in maxi-
mum integrated performance. Covering
the things that really matter in ECM.
Noise level. Gain stability at stress tem-
peratures. Life and reliability.

That's the performance ballgame. And
we play it to win.

Varian DRPM’s measure up as the
TWA's that deliver the best combination
of performance and size goina. Qur
wide dynamic range models check in at
2% x 2% x 9¥2”. High gain models are
an inch longer.

We offer a dozen off-the-shelf wide
dynamic range models with up to 45 dB

gain that'll cover any standard or strad-

dleband range between 2 and 18 giga-
hertz. Standard models take 105°C in
stride. All sport a maximum noise ligure
of 85 dB in S and C bands, 95 in X,
12.0 in Ku. Guaranteed through temper-

The miniature
ow-hoise twa ballgame
begins at 2%".

Circle reader service number 42.

ature. The heaviest is 5.5 pounds,
power supply included.

That's the big picture in miniature
TWA's. It all fits in a 2%s” square frame.
Rule in a smaller outside dimension and
you rule out the best inside performance.

For more about the TWA's that deliver
the performance you really need in
ECM, call any Electron Tube and Device
Group Sales Office. Or drop a line to
TWT Division, 611 Hansen Way,

Palo Alto,

California &
94303. varian
twt division




NEW PRODUCTS

Low-frequency sweepers beat their way upstream

Swept low - frequency measurements
are commonly needed in an electron-
ics laboratory. And many such meas-
urements must span several decades
of frequency as, for example, when
you test transducers, filter networks,
audio amplifiers, and so forth. It is
usual to make these measurements
on a point-by-point basis, or with elec-
tromechanical sweep drive attach-
ments.

But there is yet another way, one
which uses the BFo (beat frequency
oscillator) output of a wave analyzer
or a selective voltmeter. This BFo out-
put is a level signal source, which
sweeps the input of the device under
test. The analyzer or voltmeter then
measures the amplitude of the result-
ant output of the tested device.

This test method seems, on the sur-
face, quite satisfactory. But to make it
work, you must meet several require-
ments. First of all, to cover frequencies
lower than 100 Hz, you need a narrow-
band filter in the system. This filter
lets the analyzer separate the test sig-
nal from noise, and provides a reason-
able dynamic range of measurement.

Secondly, use of a selective filter
coupled with wide dynamic range im-
plies slow sweep speeds in order to
measure the true response of the de-
vice under test. For example in the
3590A, if the filter has a 10-Hz band-
width, then you must sweep at about
I -Hz/s.

For electronic sweeps, a slow sweep
speed means a limited sweep time. If
you have a 100-s sweep, then at 1
Hz/s you can examine a 100-Hz band,
maximum. But low-frequency and
audio measurements should cover,
preferably, 20 kHz. To fill such needs,
you should have a 10.000-sweep time
and a 2-Hz/s sweep rate.

Yet a third requirement on the
sweeper comes about because, tradi-
tionally, audio measurements are made
on a decibel vs log frequency basis.

To sum up these several require-
ments, a satisfactory low-frequency
sweeper should have a
® narrow bandwidth, 10 to 20 Hz
* slow sweep speed, 1 to 2 Hz/s
* long sweep time, 10,000 to 20,000 s
¢ level output linear in dB
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Noise weighting filters are used with rms responding voltmeters to measure noise
on telephone circuits. Here is the response of one such network—called a CCITT
message weighting filter—measured as shown in the inset diagram. See how the
amplitude response is both measured and represented linearly in dB, and log-
arithmically as a function of three decades of frequency. The dynamic range could
have been greater than the 70 dB shown, except that the filter is an active de-
vice and introduced noise of its own. Sweep speed was 1 Hz/s at the start, and
2 Hz/s at the higher-frequency end. Since you can switch sweep speed without un-
desirable output responses, you can have a full 20-kHz sweep bandwidth.

* horizontal output proportional to log
frequency.

Hewlett - Packard’s Model 3595A
meets all of these requirements. Tt is
a sweeping local oscillator plug-in de-
signed for use with the manufacturer’s
3590A wave analyzer and 3591A se-
lective voltmeter.

[Th] 3595A SWEEPING LOCAL OSCILLATOR

FREQUENCY [KHz}~—
1LIN SWP STARTING FREQ!
COARSE ZERG

FREQUENCY RANGE SWEEP SWEEP RATE (Hz/SEC)
| MAX SWP TIME 10,000 s

ME
620 KHz 0

o Y a4 STA!RT — |
RESET
|
i Lo A

W MUTD  — EXT FREQ —
GanmoL

FREG+1.28 e
7 VRS

The 3595A gives you. for the first
time. both electronic and manual tun-
ing capability. You can sweep with
the unit’s two frequency ranges—20
Hz to 62 kHz. and 200 Hz to 620 kHz
—automatically. for a maximum of
10,000 s. In other words, you can
sweep a 10-kHz band at a 1-Hz/s
rate.

Further. transient-free switching lets
you select 1- or 2-Hz/s sweep rates at
will. And vou can special-order an ex-
tension of this switching capability
into the 10-Hz/s range. The variable
sweep rate lets vou sweep uninterest-
ing portions of the band under obser-
vation at a rapid rate, and those of in-
terest at a slow rate.

In short. the 3595A combined with
the 85-dB dynamic range of the 3590A
lets you examine audio frequencies in
a manner previously possible only with
complex arrays of instrumentation.

The Model 3595A will be available
in the Spring, and will sell for $1375.
90 day delivery. For more informa-
tion, contact Inquiries Manager, Hew-
lett-Packard, 1501 Page Mill Rd.
Palo Alto, Calif. 94304. (415) 326-
7000. Circle 210 on Inquiry Card
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Guess the

price of HP’

new counter

£
Nave

"

Clues:

Hanney s

.“ ‘iu -

it averages time intervals to 10 picoseconds

it has a built-in 0.05% integrating DVM

it’s dc to 50 MHz, CW or burst
its counter and DVM are easily programmable

Surprise: $1550. That modest amount
buys a Hewlett-Packard timer/counter that
does things universal counters never did
before. For example, it averages time
intervals as short as 0.15 nanoseconds.

So you can resolve to 10 picoseconds

on repetitive signals.

That modest sum also buys a counter
with a built-in integrating digital volt-
meter. So it's the only counter that can
measure internal trigger level settings or
other inputs with DVM precision. Now
you can measure 10 to 909 rise times, half
power points and other voltage-dependent
time intervals. That means unprecedented
simpli(ity. for cxnmplc, in prop;tgati()n

The Electronic Engineer « April 1970

delay measurements. The counter also
features four integration times. Asa DVM,
it provides three voltage ranges, 60 dB
noise rejection and 0.059% accuracy.

Even without these exclusive features,
the 5326's are real bargains. They count to
50 MHz direct with seven-digit resolution
(eight digits optional ) , measure period
and multiple period average and scale
input frequencies by any power of 10 up to
10%. They measure ratio and they totalize.

With programming and BCD output
options, the 5326’s fit easily into systems
applications. Counter and DVM are DTL
programmable through a common
connector.

Circle 51 on Inquiry Card

You can get all of these benefits in the
5326B for $1550, or buy the same counter,
less the DVM, in the 5326A for $1195. Any
way you look at the 5326 A or B—either is
a great counter value. Your local field
engineer has all the facts about HP’s new
IC counter line. Give him a call or write to
Hewlett-Packard, Palo Alto, California
94304; Europe: 1217 Meyrin-Geneva,
Switzerland.

HEWLETT @ PACKARD

ELECTRONIC COUNTERS
02003

99



NEW PRODUCTS

New graphic recorder

Is X-Y, strip and T-Y in one package.

A new Omnigraphict™ graphic re-
corder line (2000/3000 series) with
a convertible chassis and plug-in ex-
pandability will replace previous flat
bed X-Y and T-Y recorders.

In this new concept, one main frame
is basic to a broad line of X-Y, strip
chart, and T-Y recorders. The result-
ing reduction in production costs
means a lower price for the series.
There are two models being offered.

Model 2000 ($770) is a basic X-Y
main frame suitable for OEM and
dedicated applications. It can be ex-
panded to meet almost any user re-
quirements by means of a variety of
plug-in modules without modifications.

Model 3000, with a price of $710
(plus modules), features multiple
speeds and a wide choice of input
functions from a variety of plug-in
modules. Electric pen lift event mark-
er and positive paper feed or roll take-
up are standard. It has nine pushbut-

ton selected digital chart speeds and in-
stantaneous reaction as there are no
gear transmissions or clutches. Both
recorders feature true differential in-
put—they measure from any type of
source up to *+500 V from ground.
Isolation and common mode rejection
are good enough that shields and
guards are not needed. Overshoot is
not discernible on normal step inputs.
It is < 19 on full scale step inputs.
Thirteen plug-in modules available
include dc coupler, dc ranging. dc
switching with or without time base,

and dc preamplifier. The modules
easily plug into all 2000 and 3000 re-
corders. They range in price from $25.
And here is a unique feature—a
warranty that lets you exchange an un-
used module for another type of mod-
ule and receive up to 909, credit to-
wards the new module. It allows 909,
credit on modules exchanged within
30 davs; 859% credit within three
months; 659 credit within 6 months;
and 259, credit. within one vear, to-
ward purchase of a new module. Thus,
if your needs change after you pur-
chase a recorder for a certain function,
you can exchange plug-in modules on
this recorder for any other module
made by the company. The same re-
corder would then meet application
requirements for the new function.
Houston Instrument, Division of
Bausch & Lomb. 4950 Terminal Ave.,
Bellaire, Tex. 77401. (713) 667-7403.
Circle 264 on Inquiry Card

Optically coupled isolators offer high speed switching

Two new high-speed switching units
have been added to Texas Instruments’
solid state optically coupled isolator
(OCI) line. Each consists of a GaAs
diode light source optically coupled to
a silicon phototransistor. Both are com-
patible with Standard TTL and DTL.
Functionally, these isolators — the
TIL107 and TIL108—are similar to
relays and transformers because they
offer a pair of input and output termi-
nals with high electrical isolation.
However, instead of using a magnetic
field for signal transfer, they operate
through internal light coupling—the
input diode is electrically isolated from
the output phototransistor. Their high
voltage isolation of #=1 kV makes them
capable of replacing low power relays
and pulse transformers. And, they are
1000 times faster. An advantage over

100

mechanical relays is that they have no
moving parts or fragile wiring. An ad-
vantage over transformer counterparts
is their lower frequency response which
extends to dc. They also let you elimi-
nate other associated circuitry.

They are useful as interface elements
between systems where dc isolation is
needed to eliminate ground loops and
spurious noise. They can also be used
as voltage regulators and line driver-
receiver combinations in computer

peripherals and military communica-
tions.

Other features are their small size
—0.206 x 0.220 inches in diameter,
and the offsetting Tcs of the photo-
transistor and LED. The offsetting
TCs give them a stable output over a
wide temperature range. Typical dc
transfer ratios are 0.1 for the TIL107
and 0.2 for the TIL108. Packaged in
an inverted two-lead TO-18 can, the
ss isolators provide internal resistance
> 1013 Q) and a coupling capacitance
of 0.4 pF.

Auvailable from distributor and TI
stock with two weeks delivery after re-
ceipt of order. TIL107 is $6.00 (100
piece quan.) and TIL108 is $10.00
(100 piece quan.). Texas Instruments
Incorporated, Box 5012, M/S 308,
Dallas, Tex. 75222,

Circle 265 on Inquiry Card
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NEW PRODUCTS

Latch on to phase-locked loops

The first monolithic, phase-locked-loop ICs are here.

A big system on a little chip, each package

holds all the components of the classical loop:

phase comparator, error amplifier, lowpass filter, and VCO.

Do you remember what got the
linear 1c market really moving? Sure
you do. It was the first good mono-
lithic op amp—the 709—about five
years ago. Since then, process and de-
sign improvements have made the 1C
op amp the workhorse in applications
not even dreamed of at its misty be-
ginnings.

Well, we may be witnessing the
start of another design revolution, be-
cause a new component has been born
—the phase-locked loop in a mono-
lithic structure. This means that an old
concept, dating back nearly 40 years,
is now a workable product: its cost
and performance promise to be com-
petitive with traditional ways of do-
ing things.

What things? As a starter, phase-
locked loop applications fall into four
general classes: fm demodulation; sig-
nal conditioning; frequency multipli-
cation and division; and a-m detection.
And the real kicker here is that with
these new monolithics, you need no
tuned circuits, You've finally elimi-
nated that old bugaboo of 1c design—
the inductor.

(There are several ways to simulate
an inductance with inductorless cir-
cuitry. One popular method is to use
gyrator networks, which “turn around”
a capacitor’s phase shift to simulate the
voltage-current relationship of an in-
ductor. But no technique is available
on a production basis.)

102

Where can you use it?

At the time of this writing, the listed
applications are so numerous that the
data sheet is already six pages long.

Phase-locked loops

Suppose you set an oscillator
to operate at a frequency near
that of some incoming signal
which you wish to operate upon.
Suppose further that you mix
this incoming signal with the os-
cillator signal in a phase com-
parator. Then the comparator’s
output is a dc level. The ampli-
tude and polarity of this dc
level are a function of how much
the oscillator frequency is above
or below that of the incoming
signal.

Now let the oscillator's fre-
quency be voltage controlled
(VCO), and derive its control sig-
nal from the comparator’'s low
pass-filtered dc output, via an
error amplifier. You now have a
closed-loop system which forces
the VCO frequency to vary in
such a way as to reduce to a
minimum the phase difference
between the incoming signal and
the VCO’s output.

The near-zero-phase-shift con-
dition is called the synchronized
or locked state. In this locked
state, the closed loop operates as
a signal-tracking filter. Thus, if
the input is, say, an fm signal,
then the loop’s dc error varia-
tions represent the recovered
modulation of the input. Sim-
ilarly, because the VCO tracks
the input signal, the VCO’s out-
put is a reconstituted version of
the loop’s input.

But to give you some idea of what'’s
practical with these devices, here is a
small sampling of uses.

As frequency-selective fm demodu-
lators, you can use these new ICs to
perform as i-f strips and sound de-
tectors for broadcast fm and TV re-
ceivers, as scA detectors at 67 kHz,
and as high-linearity detectors for
very-wideband fm detectors. You can
also use the devices to filter and de-
modulate multiplexed fm telemetry
signals. Or, because the circuit can de-
tect tones, you can build simple, but
effective, paging receivers.

As a signal conditioner, the phase-
locked loop can be used to synchronize
signals, and to reconstitute or track
noisy or unstable signals. For fre-
quency-selective a-m detection, you
can use a phase-locked loop as a co-
herent detector.

How about frequency multiplica-
tion and division? No problem. You
can generate a wide range of frequen-
cies which are integer multiples or
submultiples of the input reference
signal. And the output will have the
same percentage of accuracy and
stability as the input reference.

Neat trick
Perhaps you need a data terminal.
OK. Take an acoustic coupler and a
touch-tone telephone unit. After you
dial the computer central and tell it
(continued on page 104)

The Electronic Engineer « April 1970



400 Hz
Solid
State
Relays

for military & commercial aircraft

The originators of TO-5 relays
announce another first! Solid
state relays that meet or ex-
ceed all categories of MIL-
STD 704A. Transient pro-
tected on input and output.
Features include an ultra-
sensitive “coil” (compatible
with 5 volt logic systems, such
as TTL), and a zero-voltage
switching option to minimize
RFI. They can switch over 5
KW, resistive or inductive
loads (50-500 Hz).

Extremely high reliability and
maintenance-free operation

make them ideal for aircraft
control and power system ap-
plications. Three input “coil”
ranges are available, 3-8 VDC,
7-85 VDC and 90-230 VAC.
Features include low contact
resistance (50 milliohms typi-
cal) and contacts capable of
withstanding overloads
1000% above ratings. Lack of
moving contacts prevents
arcing, permitting switching
in explosive atmospheres,
controlling motors, solenoid
valves, actuators, transform-
ers, etc.

The high contact surge rating is ideal for lighting
control systems (5000 watts of tungsten lamps can
be switched). For complete technical data on our
400 Hz Series 6 Solid State Relays and solutions
to your 400 Hz power switching problems, contact

TELEDYNE
RELAYS

3155 West El Segundo Blvd. Hawthorne, Calif. 90250
Telephone (213) 679-2205
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ONLY VISHAY MAKES

TRIMMERS

WITH ALL THESE SPECS

lowest

temperature e
coefficient

(—55°C to +150°C)

DOWN TO

20

10Q

ENR MAX.
THERMAL NOISE
NON-MEASURABLE

lowest
resistance
values

lowest
dynamic
noise

LESS THAN

.05%

“INFINITE RESOLUTION"

lowest
setability

& stability

Vishay puts the state-of-the-art performance of its
fixed resistors into trimming potentiometers! Here,
for the first time is a combination of precision/
stability/ TC/resolution which eliminates the need
for padding resistors, decreases test time, im-
proves product performance — and YES! Vishay
trimmers meet or exceed all requirements of MIL-
R-27208 and/or MIL-R-22097 characteristic C.
Send for your free copy of Bulletin TR-101 describ-
ing this new line of total performance trimmers.

VISHAY RESISTOR PRODUGTS

A DIVISION OF VISHAY INTERTECHNOLOQGY, INC.
63 LINCOLN HIGHWAY ® MALVERN, PA. 19355

PRECISION RESISTORS + NETWORKS « DECADE BOXES « TRIMMERS

Circle 86 on Inquiry Card

Cont. from page 102

what you want it to do, you switch to
FSK to transmit your data. Well, the
ic phase-locked loop decodes such data
automatically and, level-shifted through
a transistor into a TTL gate, gives you
a complete digital interlock right into
the computer.

The loop also can regenerate the
FSK data for transmission back to you.
So a data set with a phase-locked loop
and some logic gives you a bilateral
system without an electrical connec-
tion to the telephone line.

Two so far

The devices announced to date are
the NE560B and the NES561B. The
difference between the two is that the
561 has an internal phase-shifter which
makes things a bit more handy for
a-m detection. Both devices are other-
wise useful for all the applications de-
scribed.

The 1Cs operate from about 1 Hz to
60 MHz. You determine the frequency
simply by setting an external capaci-
tor. Useful input levels range from 100
wV to 1 V—a dynamic range of 80-
dB.

The 100-p.V sensitivity figure is spe-
cified for a 75-kHz fm deviation at
10.7 MHz. But note that you can drive
the units differentially, which means
that you can (effectively) double the
sensitivity. that is, the 100-uV figure
drops to 50 pV.

You can adjust the bandpass to
+19% of the center frequency, and
the tracking range is similarly variable
to #=209%. Third-harmonic distortion
is 19 max. Power supply voltage can
be anything between 15 and 26 V, and
dissipation is 160 mW or less at 18 V.

Chip size is 68 x 72 mils, and the
45 active elements are all npn bipolar
transistors. All circuits are built us-
ing dielectric isolation techniques.

A word about temperature stability.
Frequency drift with temperature is
specified as 1200 ppm/°C max., 600
ppm/°C typ. But in consumer/indus-
trial applications, ambient changes are
often not very large. And remember
that once the loop locks, the stability
of the output is solely a function of
the input (reference) signal stability.
In any case, the in-lock stability is still
comparable to the best that you can
achieve with resonant circuits.

What do these new devices cost? In
100-up quantities. the NE560B goes
for $18 each. and the NES61B is $22.
For more information, contact Sig-
netics Corporation, 811 East Arques
Ave., Sunnyvale, California 94086.
(408) 739-7700.

Circle 266 on Inquiry Card
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CALL
oL
PAPERS

You are invited...

to present a paper to the anticipated 15,000 computer engineers and scientists
who will attend the first, national COMPUTER DESIGNER’S CONFERENCE— Ana-
heim Convention Center, Anaheim, California, January 19, 20, 21, 1971.

The Papers Committee is specifically interested in seeing 300 to 500 word abstracts
detailing your new computer design developments, component applications and
design techniques.

Abstract deadline is June 1, 1970; announcement of accepted papers will be made
on August 1, 1970, and the completed paper, ready for publication will be due on
December 1, 1970.

Your Paper Delivered at This
Conference can Advance Your Career

. YOUR PAPER BECOMES A PERMANENT PART OF THE REFERENCE MATERIAL
ON COMPUTER DESIGN—because every Technical Paper delivered at the confer-
ence will be published in a hardbound edition of the Conference Proceedings.
This published work will be carried by the major technical libraries in the United
States, Canada, Europe, United Kingdom and Japan.

. YOU WILL ACHIEVE PERSONAL RECOGNITION—because your work will be
brought to the attention of your company management.

. YOU AND YOUR COMPANY WILL BE RECOGNIZED AS LEADERS—because of
the favorable notice given to design work of sufficiently high caliber as to be
selected for presentation at a nationwide conference.

WHERE TO SUBMIT YOUR ABSTRACT

To participate in the first nationwide Computer Designer’s Conference, submit
your abstract, in triplicate, (300 to 500 words) to:

Technical Papers Committee, Computer Designer’s Conference,
222 West Adams, Chicago, Illinois 60606

Electronic Engineer Magazine is an Associate Sponsor of the Computer Designer's Conference

Suggested General
Subject Areas...

Logic Design

Systems Engineering

Ato D and D to A Converters
Interconnection Systems

Peripheral Systems and
Accessories

Input-Output Buffers
Memories, Fixed, Erasable
Circuit Design

Test & Check-Out Equipment
Information Display

Data Aquisition

Time Sharing Systems
Serial/Parallel Converters
Optical Computers

Graph Plotters

Printers

Remote Terminals
Multiplexers, Shift Registers
Microprogramming
Mechanical Computers
Hybrid Computers

Pattern Recognition
Specialty Languages

Analog Memories

Digital Memories

Memories (Semiconductor,
Magnetic, Mechanical, Optical)



NEW MICROWORLD PRODUCTS

HIGH GAIN VIDEO AMPS
Hybrid units operate from —55 to 80°C.

TTL UP/DOWN COUNTERS

Said to be lowest priced in the industry.

Both these amplifiers have an open loop gain of 50 dB
with a 3 dB bandwidth of 1.0 MHz. Each amplifier can
deliver 700 mW of output power and has an open loop
output impedance of 33Q). Slew rates are 100 V/us for
the MS100 and 180 V/us for the MS100A. The units
provide short circuit protection at the output and they are
rated over the temperature range of —55 to 80°C. The
amplifiers are in a 1 in.2 by 0.200 in. thick package. In
quantities of 1 to 49, price is $52 ea. with off-the-shelf
delivery. Sylvania Electric Products Inc., 40 Sylvan St.,
Waltham, Mass. 02154,

Circle 270 on Inquiry Card

DIGITAL DECODER/DRIVER

Drives 7-segment fluorescent readouts.

This bipolar decoder/driver can drive a 7-segment vac-
uum fluorescent numerical display directly. The MSI 9327
accepts four inputs in 8421 Bcp format and generates
appropriate outputs for the readout. The device comes in
two models. The 9327A which has an output breakdown
voltage of 64 V, can multiplex up to 12 readouts and can
be used effectively in time share systems The 9327B, with
a lower breakdown voltage of 30 V, is used for driving
Dual-In-Line packages and flatpacks. Prices range from
$8.00 to $10.45 ea. (100-999 pcs.) Fairchild Semicon-
ductor, 313 Fairchild Dr., Mountain View, Calif. 94040.
(415) 962-3563.

Circle 271 on Inquiry Card
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These Ms1 circuits are designated the SN54/74192, a
4-bit binary counter and the SN54/74193, a binary-coded
decimal (Bcp) counter. The devices consist of four J-K
toggle flip-flops; one input buffer each for down, up, clear,
and count/load control, one NAND gate each for borrow
and carry outputs; and eight preset/clear NAND gates. Both
units are available in 16-pin plastic (N suffix) and ceramic
(J suffix) dual-in-line packages. Prices in 100-999 quanti-
ties, range from $7.70 ea. to $26.31 ea. Delivery is 3
weeks. Texas Instruments Incorporated, Inquiry Answering
Service, Box 5012, M/S 308, Dallas, Tex. 75222.

Circle 272 on Inquiry Card

N-CHANNEL READ ONLY MEMORY
In a 256-word by 2-bit format.

The ICM6008 contains all the decode electronics, mem-
ory storage devices, and the output drivers (which can be
wired-ored). You can parallel the arrays, thereby making
the memory expandable, both in the number of words (in
multiples of 256), and in the number of bits/word (in
multiples of 2). Operating speed is greater than 3 MHz
over the industrial temperature range and the unit inter-
faces directly with bipolar logic. True zener diode protec-
tion is provided on all inputs and outputs. It’s in a 16-lead
ceramic DIP and costs $45 ea. in quantities of 1-99,
Intersil Inc., 10900 N. Tantau Ave., Cupertino, Calif.
95014. (408) 257-5450.

Circle 273 on Inquiry Card
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LADDER SWITCH
For D/A applications.

The MN203 contains a pair of sPDT
switches designed to drive R/2R ladder
networks. The input is compatible with
monolithic logic circuits and the out-
put delivers ground or 10 V to the
ladder network. The unit has an offset
of 2 mV max. and a series resistance
of 20 Q max. In lots of 250, price is
$36. Micro Networks Corp., 5 Barbara
Lane, Worcester, Mass. 01604.

Circle 274 on Inquiry Card

MATCHED PAIR TRANSISTORS
On a 20-mil square chip.

This Series includes the DI 4044/
4878, DI 4100/4879 and DI 4045/
4880 where the DI prefix identifies the
equivalent 2N transistor for which
each is designed. These transistors
feature dielectric isolation, a high dc
gain, and close parameter match from
10 pA to 1 mA. Dionics Inc., 65
Rushmore St., Westbury, N.Y. 11590.
(516) 997-7474.

Circle 275 on Inquiry Card

DECODER/DRIVER

BCD to 7 outputs

Each output of the FTD-1001 has
a 30 V, 120 mA continuous drive
capability and the max. package power
dissipation is 1 W. Each collector out-
put is uncommitted and the circuits
are fully Tt and pTL compatible,
Unit price is $12.50 in 1-99 lots.
Fabri-Tek Micro-Systems, Inc., 1410
S.W. 3rd St., Pompano Beach, Fla.
33060. (305) 943-9440.

Circle 276 on Inquiry Card
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RELIABILITY:
The Word for

When we decided to introduce our first MOS product, the most impor-
tant consideration was reliability. Before the first device went out the
door, there were 1,000,000* hours of high temperature (125°C) stress
(reverse bias) testing backing it up.

The reason for this stability is our ADVANCED THICK OXIDE over the
‘P region, where it counts! This provides:

Elimination of pinholes

Low dielectric stress leveis over “P’ region
Low capacitance

High speed operation (10 MHz)

Elimination of cross talk

Unlimited life

Now available — off the shelf — in P-Channel (Type C):
2N4065 single transistor 3400 5-channel
2N4066 dual transistor 3705 8-channel
2N4067 dual transistor

2N4120 single transistor

Multiplexer
Multiplexer

We have low voltage (TTL compatible) and standard MOS voltage
custom projects on stream. That's the beauty of our ADVANCED THICK
OXIDE process. We can apply it to your needs — give us a call.

* Device hours on one thousand 2N4066/7

L
AMELCO SEMlCONDUCTOR

tain View, California (415) 968-9241 - Westwood, Massachusetts (617) 326-6600

1 3-5833 « Ri 1;.1\ d 201) 943-4700 - De ann. \llinois (312) 439-3250
.\mm.w (:w rnia (714) 635-3171 - Wiesbaden, Germany 372820

Circle 54 on Inquiry Card

MOS at AMELCO
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NEW MICROWORLD PRODUCTS

ACTIVE FILTERS

With power gain in all modes.

The VAF-100 is a state variable
active filter capable of simultaneous
bandpass, lowpass and highpass out-
puts. You can also independently ad-
just bandwidth, frequency and gain.
Available in both hermetic and non-
hermetic versions, the price is $24.50
each, 1-24 pieces. Varadyne., Inc.,
2330 Michigan Ave., Santa Monica,
Calif. 90404. (213) 394-0271.

Circle 267 on Inquiry Card

VARIABLE GAIN AMPLIFIER
With a 50 MHz frequency response.

At 10 V, typical gain of the SG
1402 is 25 dB and power consumption
is 50 mW. You can vary the gain from
25 dB at zero phase shift down through
—24 dB and back up to +25 dB
through a phase shift of 180°. Three
versions are offered and prices (100-
249 pcs) range from $2.10 to $9.95.
Silicon General, Inc., 7382 Bolsa Ave.,
Westminster, Calif. 92683,

Circle 268 on Inquiry Card

HIGH SPEED ANALOG SWITCH

Operates directly from logic.

The CDAI18 is a spDT switch and
driver circuit designed for use as an
ultra high speed D/A switch with R/2R
ladder networks or as a general pur-
pose analog gate. This circuit has a
max. turn-on time of 20 ns (12 ns
typ.), and a max. on-resistance of
50 Q (35 Q typ.). Crystalonics, A
Teledyne Co., 157 Sherman St., Cam-
bridge, Mass. 02139. (617) 491-1670.

Circle 269 on Inquiry Card

o SPRING-LOADED CONTACTS DESIGNED TO BE PLUGGED
INTO A MATING SOCKET

o PATENTED BIASING BALL CONSTRUCTION PRO-
VIDES CONTACT BETWEEN PLUNGER AND LIN-
ING OF BARREL.

 LOW AND UNIFORM RESISTANCE

 ROUND, CONICAL & FLAT TIPS
» REPLACEABLE POGOS ARE

AVAILABLE FOR CENTERLINE
SPACING OF .050” UPWARD

e SINGLE, BOARD

MOUNTED OR COM-

PLETE ACTUATING
SYSTEMS

* GOLD-
PLATED

REPLACEABLE

POGO

Contacts

Tel. (617) 222-3726

PYLON COMPANY, INC. — 57 Newcomb St.
Attleboro, Massachusetts 02703

108 Circle 55 on Inquiry Card

Motorola temperature compensated
crystal oscillators

Come in small packages
Do a big job

Where low power, small size and instant warm-up are required,
choose a Motorola TCXO. They're ideal for a wide variety of indus-
trial applications.

Small Size. They come in packages as small as 1.5 cubic inch.

Wide Frequency Range. From 500 KHz to 40 MHz. Extended
ranges on special order.

Stability. + 1 ppm from 0° to 4 55°C. Higher stability on
special order.

Low Aging. Less than 1 x 106 per year.

And if you need a non-standard TCXQO, just let us know. Varia-
tions in input voltage, frequency, output level and wave shape are
available on special order.

For complete information, send for your free copy of Bulletin
TIC-3213 today. Write Component Products, Dept. 40F, Motorola
Communications & Electronics, Inc., 4501 W. Augusta Blvd., Chi-
cago, lllinois 60651; or call (312) 772-6500.

@ MOTOROLA

Circle 56 on Inquiry Card



One more time:

Fairchild built a reputation on new products,
new technology and new applications. Last
month we ran the editorial below. It announced
another new step for Fairchild. A commitment to
do business wherever there’s business. First
source. Or second. It was a major policy decision
for us. So major, in fact, we’re repeating the
editorial this month.

EDITORIAL

If We Can’t Sell You Ours,
We'll Sell You Theirs.

For a long time, Fairchild built only linears designed
by Fairchild engineers. We didn’t think anything else was
worth the effort. People said we had an NIH (Not
Invented Here) complex. And, they were right.

However, it’s been brought forcefully to our attention
that a couple other guys in this business know what they’re
doing. The competition is coming out with some pretty
worthwhile linears. Our customers have noticed too,
because they’re talking to other manufacturers about
linears we don’t make. They’re even talking to sole
sourcers!

To keep things even, we’ve decided to give our wander-
ing customers something they’re going to need if they
start dealing with a sole source linear maker: A second
source. Us. (Just in case the original supplier’s factory
blows up or they lose the formula or whatever it is that
happens when you can’t get delivery.)

Starting now, Fairchild is introducing a new line of
linears. We call them IT circuits (Invented There).

The first two are available today: The LM101 and the
MC1495. Soon we’ll add the LM101A, MC1496 and

the SN7524. Of course, we’ve given them Fairchild part
numbers. Here’s a conversion chart:

wA795  Analog Multiplier MC1495
wA796  Modulator MC1496
pAT748  Operational Amplifier LM101
pAT777  Operational Amplifier ~LM101A
pAT61  Sense Amplifier SN7524

There will be other additions to the IT line soon. So be
sure you contact your local Fairchild Sales Engineer
before you drop a design for lack of a reliable alternate

source. Just give him the part number you want and
ask him to check the IT line. Farewell NIH.



Application

Digest

If you’d like any of the following
application literature just write:
Fairchild Linear Applications,
Box 880A, Mountain View,
Calif. 94040. Ask for it by
publication number.

Publication
Number

138
134

131

129

125

141
164
136

133

128
126
123

99
140

130
127

111

119

124
183
175

122

171

Title

1A725 Instrumentation
Applications

The Frequency Division
Multiplex Channel Amp
with the ©A748

An Arithmetic Analog
Computer using 1 A735
Logarithmic Amplifier
Low-Pass Active Filter for
Electronic Imaging using
the uA715

Applications of the pA749
Dual Operational
Amplifier

wA742 (TRIGAC) AC
Power Control Handbook
Applications of the pA722
10-Bit Current Source
Low-Drift, Low-Noise
Monolithic Operational
Amp for Low Level Signal
Processing — nA725

More Voltage Regulator
Applications using the
uA723

A High Speed Sample and
Hold using the xA715

The xA749 Dual Opera-
tional Amplifier

A Micropower Monolithic
Op Amp — pA735

#A733 Oscillators

1A731 High Speed Dual
Channel Sense Amplifier
wA725 AGC Amplifier

A Trapezoidal Deflection
Circuit for use with the
3250 Numeric Character
Generator using the pA715
A High Speed, Zero Input
Current Chopper Amp —
wA715

A High Speed Differential
Preamp for Thin Film
Memories — pA751

The pA746E Color TV
Chroma Demodulator IC
A Low-Noise Preamplifier
—nA741

The uA739 — A Low-Noise
Dual Operational Amplifier
A Monolithic Radiation-
Resistant Operational
Amp —pAT744
Applications of the

©A739 and ;A749 Dual
Preamplifier Integrated
Circuits in Home
Entertainment Equipment

Fairchild Cuts Prices
of Ten Popular Linears

Say goodbye to modules.

New prices on Fairchild’s most popular Linear ICs now make

modules expensive as well as bulky.

The Price Story:
DEVICE ORDERING TEMPERATURE OLD PRICE NEW PRICE¥

TYPE CODE RANGE 100-999 100-999
nAT15 U5F7715312 —55°C to +125°C  $48.00 $30.00
pAT715C UbBF7715393 0°C to +70°C 15.00 7.95
nAT722 U3M7722333 —20°C to +85°C 65.00 37.50
pA722B  U3M7722334 0°C to +55°C 50.00 22.50
wAT25 U5B7725312 —55°C to +125°C 48.00 37.50
rA725B  U5B7725333 —20°C to +85°C 37.50 25.00
wA725C Ub5B7725393 0°Cto +70°C — 15.00
pAT735 U5B7735312 —-55°C to +125°C 48.00 37.50
wA735B U5B7735333 —20°C to +85°C 37.50 25.00
wA735C U5B7735393 0°C to +70°C — 15.00

*Call your local Fairchild distributor or Field Sales office for even lower

volume prices.
The Performance Story:

nAT15 — High Speed Op Amp
100V /uS Unity Gain Slew Rate
300nS Settling Time

65MHz Bandwidth

70nA Offset Current

Circle Reader Service Number 122

wAT722 —10 Bit D/A Converter
Current Source

+814 Bit Accuracy

10 Bit Resolution

600nS Switching Speed
Internal Precision Reference
Circle Reader Service Number 123

X IT@YoT@Xs V@Y I V@Y TQYLT@Ys 7Y V@Y IT@XoT8Ys

wA725 — Instrumentation

Op Amp

0.5uV/°C Voltage Drift

128dB Voltage Gain

120dB Common Mode Rejection
0.6pA\V Hz Input Noise Current

Circle Reader Service Number 124

wA735 — Micropower Op Amp
100.W Power Consumption
0.5nA Offset Current

10Mga Input Resistance

Wide Supply Voltage Range
Circle Reader Service Number 125

Win #10

Ready. Set. Design!

We hope you’re getting your entries ready for the contest we
announced last month.

Just in case you missed the announcement, here’s what
you have to do to enter:

1. Get all the facts on a Fairchild Linear IC.

2. Design the world’s greatest application for it.
3. Send to: Fairchild Linear Contest, P.O. Box 880A,
Mountain View, California 94040.

All entries will be judged by the editors of EEE Maga-
zine. Every month, they will select the most imaginative
application and give us the designer’s name. We'll publish the
winning design and give the winner $100 upon publication.

i ]
FAIRCHILD

FAIRCHILD SEMICONDUCTOR A Division of Fairchild Camera and Instrument Corporation Mountain View, California 94040, (415) 962-5011 TWX: 910-379-6435 SEMICONDUCTOR
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Introducing the World’s First
Monolithic J-FET Input Op Amp

Punch-through op amps are
obsolete.

Fairchild’s new pA740 now
offers 150pA (max.) current into
either input. While some manu-
facturers are talking about super
beta or punch-through transistors
with current gains of 1000,
Fairchild technology now makes
possible J-FET devices with
equivalent betas of over 15,000.
And, they’re completely compat-
ible with standard monolithic
processing.

The pA740 is a simple two-
stage design similar to the nA741,
but employs J-FET input tran-
sistors to obtain extremely low
input currents.

1AT740 Electrical Performance

InputCurrent............ 150pA max.
(either input)

Unity Gain Slew Rate. ........ 6V/uS

Input Resistance.......... 10> Ohms

VOAEE GaIN. « 4ix s v 5 505 57 wimiw 510 120dB

Input Offset Current. ........... 30pA

The new linear has all the
convenience of the uA741:
internal frequency compensation
for unity gain, input over-voltage
protection to either supply, out-
put short circuit protection to
ground or either supply, and the
absence of “latch-up.”

Balanced offset null is easily
obtained with a 10K potenti-
ometer and does not affect other
parameters.

Other nA740 features include
a wide common mode range of
+ 12 volts, high differential volt-
age range of + 30 volts, and wide
operating supply range of = 5V
to = 22V.

The ©A740 is directly inter-
changeable with the pA741,
[LA748 or ;LA709.

The new Fairchild device
provides circuit designers with
superior performance in such

110

applications as active filters,
voltage followers, integrators,
summing amplifiers, sample
and holds, transducer amplifiers
and other general-purpose
feedback applications.

The 1 A740 is now available in
TO-99 packages (both military
and industrial temperature
ranges) from any Fairchild
Distributor.

Circle Reader Service Number 120

INPUT

NULL

INVERTING

NON-
INVERTING
0 INPUT
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LA

Ry 3

A
VWV

1A740 FET INPUT OP AMP

MA757 Ideal Choice for an
GC-Able AM/IF Amplifier

Fairchild’s xA757 can be used
very effectively as a high gain,
wide AGC range IF amplifier. In
this application, the input signal
from the generator is matched to
the input of the microcircuit with
transformer T',. The output of the
1st section is taken from Pin 12
across a tank circuit which acts as
a load impedance. The signal is
coupled through a capacitor to the
input of the 2nd section, Pin 10.
The output of the 2nd section is
taken in a push-pull manner with
transformer T';. The secondary
of T'; drives the diode detector

from which audio is recovered.
Q; acts as an AGC signal ampli-
fier to provide gain for the AGC
signal from the diode detector.

Voltage gain of the circuit from
the input of T'; to the input of
T, is typically 80 dB, while the
AGC range is typically 70 dB.
Input signal handling capability
of the microcircuit is typically
300 mV,,s at the input terminals
of the microcircuit at full AGC.
Stable gain is obtained over a
wide temperature range, regard-
less of AGC setting.

Circle Reader Service Number 121
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NEW LAB INSTRUMENTS

TIMER/COUNTER/DVM

Also averages time intervals.

Besides having all the functions of a medium-priced
universal counter, Model 5326B can also average time
intervals. That means it can measure repetitive time inter-
vals as short at 0.15 ns, and it has resolution as fine as 10
ps. The instrument also has an internal integrating DVM
(not a plug-in), with which it can measure its own trigger
level settings. This gives you the ability 10 make such
measurements as the 10-to-90% rise time, where the 10
and 909, points are the trigger points. The price is $1550.
The instrument is also available without the internal DVM
for $1195. Inquiries Manager, Hewlett-Packard Co., 1501
Page Mill Rd., Palo Alto, Calif, 94304. (415) 326-7000.

Circle 211 on Inquiry Card

RANDOM SIGNAL ANALYZERS
With or without on-line capability.

Model 810A, a real-time analyzer, can perform auto-
and cross-correlation studies, amplitude probability distri-
bution, amplitude probability density distribution and en-
semble (signal) averaging. It gives you the equivalent of
9,990 lag values computed and displayed 100 points at
a time. The smaller, Model 820A is similar to the 810A but
without real-time capability. It computes the parameter at
each delay value and reads it out before stepping to
the next delay value. Prices are $6000 to $9500 for the
Model 710A (depending on options) and $3150 for the
Model 820. Delivery is 60 days. Progress Electronics Co.
of Oregon, 5160 N. Lagoon Ave., Portland, Ore. 97217.
(503) 285-0581.

Circle 212 on Inquiry Card
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PROGRAMMABLE MODULATION METER
Carrier frequencies from 2 MHz to 1000 MHz.

Model 2301 measures deviation in six ranges from =*=1.5
kHz to =500 kHz, full scale over an fm range from 30
Hz to 150 kHz. The unit also gives you the demodulated
output with <0.25% distortion. For am applications, the
2301 measures up to 90% modulation depth at carriers
from 2 MHz to 350 MHz with an analog output propor-
tional to carrier shift. Control is by Bcb where 0 = 0 to
0.8 Vand 1 = 12 V #=2 V. The measurement output is
a dc analog proportional to fm deviation or am modulation.
Price is $4455 with delivery in August 1970. Marconi
Instruments, 111 Cedar Lane, Englewood, N.J. 07631.
(201) 567- 0607.

Circle 213 on Inquiry Card

DIAGNOSTIC COMPUTER

For logic circuit analysis.

Y WIS RRANI T T o N
QAN CL )

BRSO
> rn 1

sing high speed punched tape as its program source,
the DC III provides appropriate inputs and checks both
the inputs and outputs of the digital device under test.
Front panel displays indicate the sequence number of tests
failed, together with identification of the I/O pins in error.
A built-in digital voltmeter allows probing or trouble shoot-
ing, if desired. Test heads accommodate a variety of de-
vices. The standard 64 I/0 lines can be expanded to 254
if necessary. Availability is 30 to 60 days for standard
units and approximately 120 days for expanded systems.
Price is under $17,000. Digital/General Corp., University
Research Center, 11000 Cedar Ave., Cleveland, Ohio
44106. (206) 721-0440.

Circle 214 on Inquiry Card
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The best gets better.

The HP 5248 General-Purpose
Counter can now measure to 3 GHz with
a single plug-in —without any gaps. This
is made possible by our new 150 MHz
to 3 GHz Heterodyne Converter,

Model 5254C, and by extending the
direct counting range of the 5248
counter mainframe to 150 MHz.

There’s another benefit unique to
these instruments that’s not immediately
apparent. Converter and counter ranges
actually overlap so you derive the final
answer by merely adding the converter
dial reading and counter reading. There’s
no need to remember to subtract readings
over any part of the frequency range.

Even before the latest improvements,
no other counter could match the

new reason why

usefulness and flexibility of the 5245
Series. We now offer fourteen different
plug-ins to help you make all the
measurements you need. These include
six frequcncy converters; transfer
oscillator to 18 GHz; two time interval
units; two prescalers; video amplifier;
DVM; and preset unit.

And you can’t beat the 5245 line for
reliability either. Its remarkable
dependability has made it extremely
popular, particularly with
rental firms—some of our best
customers. When their clients
rent an HP counter, rental firms
know they won't lose rental
fees because of downtime.

The price of the new 5254C
Heterodyne Converter is $825. The

Theres a

5248L counter is $2900. You won’t find
a more economical single-package
solution to your dc to 3 GHz counter
needs. Your local HP field office has all
the details. Give them a call. Or write to
Hewlett-Packard, Palo Alto, California
94304; Europe: 1217 Meyrin-Geneva,
Switzerland.

£ox

HEWLETT ﬁ PACKARD

ELECTRONIC COUNTERS

02918

Circle 57 on Inquiry Card

this continues to be
the world’s most popular
counter line.

22481 ELEGTRONIC SQUNTER
@ ESLETT + BATHARD

SAMPLE RATE

SENSIT

ViTY
{¥OLTS RN

5254C FREQUENCY CONVERTER A8~

Rﬁﬂzi HEWLETT * PACKARD

3.0 GHz
AUX OUT =50 MH2

INPUT 500
CAUTION
+20 DBM MAX
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running tests.

For ICs. DC, function, dynamic testing. Any one or all together. In a
single pass. At any temperature from —55° to 125°C. Up to 4500 per
hour. Flat-packs, dual in-lines or TO-5s. In any lead configuration and
mounted in conventional carriers.

The Fairchild 5900 series. Unique. Chambers for environmental
IC testing, with options to spare. Dynamic, functional and DC para-
metric. Single or batches of 50,000, magazine-loaded and processed
automatically.

Seventy-two units soaked simultaneously, tested serially to what-
ever parameters and temperature you program into the system. (And
changing a program is as simple as changing a tape.) There’s a post-
test sort into three-class bins. Military, commercial, rejects. Or any
other classes designated.

The 5900 Environmental Test Chambers are designed for closed
loop operation with the Fairchild 4000, 4000M, 5000 and 5000C/5800
IC Test Systems. And ties on with a simple cable connect. Complete
electrical isolation prevents any possibility of injected noise in circuits
under test. Adapters for interchanging package configurations are
easy plug-ins. And a swing-away test head permits performance board
changes without disrupting the temperature chamber.

There’s nothing remotely like the 5900s for IC testing. Nowhere else
can you get it all, in the sample place, at the g —————
same time, under environmental conditions. EAIRCHILD
DC, function, dynamic —we’ll do it for you
hot or cold. Or anywhere in between. All it SYSTEMS TECHNOLOGY
takes is a system. Ours.

Division of Fairchild Camera & Instrument Corporation, 974 E. Arques Ave., Sunnyvale, California 94086 (408) 735-5011 TWX: 910-339-9217
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NEW LAB INSTRUMENTS

AUTOMATIC CORE HANDLER

For testing ferrite memory cores.

You use the Model X-13 with a
core tester to electrically test 14 to 30
mil O.D. ferrite memory cores at rates
from 200 to 1300 cores per minute.
The handler features a vertical orien-
tation and feed system which increases
the core handling rate. Horex Elec-
tronics Inc., 1729 21st St., Santa
Monica, Calif. 90404.

Circle 277 on Inquiry Card

TIME INTERVAL METER
With 1 MHz crystal oscillator.

LAB POWER SUPPLY
With triple output.

Model TLS8-3 has outputs of 0 to
+8 Vdcat3 A,0to +32Vdcatl A
and 0 to —32 Vdc at 1 A. Other fea-
tures include automatic current limit-
ing, 0.01% regulation and 0.05%
stability. It costs $199. Delivery in 4
weeks. Trygon Electronics, Inc., 111
Pleasant Ave., Roosevelt, N.Y. 11575.
(516) 378-2800.

Circle 280 on Inquiry Card

WAFER PROBER

For medium-speed applications.

DIGITAL VOLTMETER
With fast warm-up time.

This unit, Model 2700, reaches an
accuracy of +=0.1%, =1 digit in one
minute. A five minute warm-up brings
the instrument to full rated accuracy
of #=0.05%, =1 digit. Standard volt-
age range is .0001 to 999.9 Vdc Simp-
son Electric Co., Div. of American
Gage and Machine Co., 5200 W.
Kinzie St., Chicago, Ill. 60644,

Circle 283 on Inquiry Card

RANDOM NOISE GENERATOR

With minimum output of 1 V rms.

Model 915 triggers on positive or
negative going pulses, and you can
operate it in either a 1 ps or 1 ms
mode, with a range from 0 to 99,999.
Measurements start on the A-input and
stop on the B-input. Price is $555.
Computer Measurements Div., 12970
Bradley Ave., San Fernando, Calif.
91342. (213) 879-2511.

Circle 278 on Inquiry Card

DIGITAL TO VOICE CONVERTER

Converts number to spoken message.

DaTAD

The Datavox 1 reads numbers and
also announces polarity and function
(volts, amps, etc.). You can adapt the
unit to most digital instruments with
a maximum of five digits. Unique
messages and vocabularies can also be
furnished. Price is $795. Instrumen-
tation Systems Inc., 1111 San Mateo
N.E., Albuquerque, N.M. 87110.
(505) 265-9536.

Circle 279 on Inquiry Card
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Model 900-OL provides indexing
speeds of up to 2000 steps/s. The de-
vice has a probe capacity of 60 points,
a maximum indexing error of 0.0001
in./in., and three optional inking
modes. Indexing accuracy is =+=0.25
step, non-accumulative. Electroglas,
Inc., 150 Constitution Dr., Menlo
Park, Calif. 94025.

Circle 281 on Inquiry Card

MODULE AND ARRAY TESTER
For go/no go testing.

Model 2030A accommodates 14 or
16 pin 1cs and supplies high and low
frequency square waves, positive and
negative 100 ns pulses and low repeti-
tion pulse trains. Output signal moni-
toring is provided by HI and Lo indi-
cator lamps. $425 with 3 week de-
livery. Pulse Monitors, Inc., 351 New
Albany Rd., Moorestown, N.J. 08057.
(609) 234-0556.

Circle 282 on Inquiry Card

Model 220 features white noise in
11 bands ranging from 5 Hz to 2 kHz
up to 10 MHz. The spectral density
is flat to =0.3 dB on all ranges. Out-
put impedance is 50  and a 60 dB
attenuator is provided. The metered
output is calibrated in volts rms and
dBM. Signal Research Inc., Box 79,
Titusville, N.J. 08560.

Circle 284 on Inquiry Card

CAPACITANCE METER

Typical accuracy is *=1%.

®

.
%

&

Model C1 measures capacitance
without complicated null balancing
procedures. Twelve overlapping ranges
provide full scale readings of 100 pF
through 30 pF. The max. voltage
across the capacitor is about 11 Vdc
and all types, including electrolytics,
can be tested. Price is $325. Russell
Laboratories, Box 644, Altadena,
Calif. 91001.

Circle 285 on Inquiry Card
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MINITAN is the first choice in size and reliability for Spacetac heart pacer modules.

OW

more MICTOIArads per
milimeter” from

COMPONENTS

MINITAN . . . the world’s smallest, proven
microminiature solid electrolyte capacitor gives you the
capacitance-to-volume ratios you’ve been searching for.

75% Smaller than equivalent CS13 Sizes! With Minitan you solve high density
hybrid or thick film packaging problems without sacrificing performance. Polar
and non-polar types from .001 to 220 ufd . . . working voltages to 35 volts . . . yet
packaged in a case about the size of a pin-head — as small as .100 X .050 X .040.

Flexibility To Fit! 11 resin-sealed mylar case sizes . . . rectangular and tubular
shapes . .. axial or radial leads. Easy-soldered nickel leads, as well as gold-plated
kovar ribbon leads for maximum IC compatibility. Standard tolerances to +=5%.

Proven Reliability! 1,679,000 Life Test Hours @ 85°C with only one failure.
130% surge voltage rating. Operating temp. range from —55°C to 125°C. DC
leakage typically less than .01 UA per ufd — volt.

Specified for manned space flights — where reliability and performance count!
Specified for micropackaged commercial computers, portable communications,
thick film hybrids — where reliability and performance count.

Specify Minitan to solve your space problems. Write today—we’ll rush data sheets,
samples and documented proof of Minitan reliability. See EEM file system 1500.

COMPCUENTS(ICR

nNCoORFORITEND
BIDDEFORD, MAINE 04005
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SYSTEMS EQUIPMENT

PERFORATED TAPE READER

Asynchronous speeds to 5 char./s.

INTERFACE SYSTEM

For instruments/computers.

ACOUSTIC COUPLER

New communications link.

Model R-50 unidirectional reader
has a “top load” read head that allows
fast “straight line” tape loading. Posi-
tive hole/no-hole starwheel sensing
from the bottom of the tape assures
accurate reading. It reads 5, 6, or 7
level tapes in std. 11/16, 78, or 1 in.
widths without modification. Any tape
material can be read. $350. Tally
Corp., 8301 S. 180th St., Kent, Wash.
98031. (206) 251-5500.

Circle 224 on Inquiry Card

MULTIPLEXER

Makes over 6 million connections.

Model MUX-810 is for high-speed
digitizing of analog inputs. Eight ana-
log signals can be connected to a single
output. Connections can be made
sequentially, with any number of chan-
nels in the sequence; or on a random
access basis. Connections can also be
stepped one channel at a time. Equi-
valent “ON” res. of the unit is 0.2Q.
It operates over a range of 47 Hz
through 420 Hz. Computer Labs, 1109
S. Chapman St., Greensboro, N.C.
27403. (919) 292-6427.

Circle 225 on Inquiry Card

PLUG-IN MEMORY STACK

For mini and midi-computers.

Series 200 memory stacks feature
direct plug-in and 750 ns capability.
They are available in 4k, 8k and 16k
words with word lengths from 4 to
40 bits/word. Series 200 stacks use
18 mil memory cores with a 3D, 3-
wire organization but 20 mil core
stacks are also available. Ferroxcube
Corp., Saugerties, N.Y. (914) 246-
2811.

Circle 226 on Inquiry Card
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This system reduces real-time ex-
perimental data, then transfers it to a
remote time-shared computer. Model
131 instrument/computer interface
system can accept experimental data
from up to 90 analog and digital in-
struments. These data are then proc-
essed by the appropriate instrument
modules making up the Model 131.
Princeton Applied Research Corp.,
Princeton, N.J. 08540.

Circle 227 on Inquiry Card

MINI-COMPUTER

Low cost time-sharing system.

Model
system begins at only $15,250 for a
central processor and two teletype
terminals. Extending the features of
the highly popular and simple BASIC
language, it accommodates up to 16
terminals. With the Model 1103A
acoustic coupler, you may operate
from remote locations using the Wang
3315 teletype terminal and std. tele-
phone lines. Wang Laboratories, Inc.,
836 North St., Tewksbury, Mass.
01876. (617) 851-7311.

Circle 228 on Inquiry Card

TELEMETRY MULTI-COUPLER

Covers “L” and “S” bands in one unit.

= B

PR

Ll e maliis

Model M4-1423R has a freq. range
of 1435-2300 MHz and 2 dB min.
gain. Output vswr is 1.5:1 max.; in-
put vswr is <2.1:1. Unit has a *+2
dB max. response ripple and a NF of
8 dB max. Dynamic range is 75 dB;
it has 4 outputs, with 50 dB min.
output to output isolation. $3000. Op-
timax, Inc., 258 Main St., Ambler, Pa.
19002.

Circle 229 on Inquiry Card

3300 BASIC mini-computer

Model 3040 links serial binary data
sources and a distant time share com-
puter or remote terminal. It operates
with a normal telephone handset over
public telephone lines, without special
attachments. Model 3040 performs in-
terchangeable with Teletype Models
33, 35, and 37 or with other printing
mechanisms. Beckman Instruments,
Inc., 2500 Harbor Blvd., Fullerton,
Calif. 92634. (714) 871-4848.

Circle 230 on Inquiry Card

SPUTTERING SYSTEM

Fully automatic.

High yield batch production system
can process up to 4000 sq. in. of sub-
strate material in one cycle. With the
System 89, all critical operating func-
tions are under “Program Control,”
eliminating the need for a skilled op-
erator and further increasing uniform-
ity from batch to batch. Film thick-
ness uniformity tol. is as good as =59,
within the 8 in, circle of the substrate
holder. Materials Research Corp.,
Orangeburg, N.Y. 10962, (914) 359-
4200.

Circle 231 on Inquiry Card

DIGITAL SYSTEM

Displays and records data.

Data Monitor, Model DM-1, pro-
vides continuous digital readout and a
printed record of remotely-located
analog variables. It also delivers digital
outputs for computer interfacing and
for driving parallel displays at several
locations. Accuracy: 1 part in 10,000.
Printing rate, 3 lines/s. Theta Instru-
ment Corp., Fairfield, N.J. 07006.
(201) 227-1700.

Circle 232 on Inquiry Card
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‘NEW MATH’

from Fairchild Controls

I 1

AMPLIFIER ADO- 45

- B )
$ FAIRCHILD
R

T
BlG

AMPLIFIER

P viEw
CURRENT BOOBTER Tor Y

Ace-45/22 | »ﬂ |
-N ‘-ﬂ

WA T ) RTINS
FAIRCHILD e
| R SRRARTRA RY
CONTROLS
MADE IN USA

CHOOSE 1 Fairchild Op Amp from our wide range of available amplifiers . . .

ADD 1 current boosting circuit to give you 200 milliamps of output current . . .

AND, you get 1 package containing 2 circuits with the same electrical param-
eters — the same pin spacing and configuration as the original op-amps.
Achieving space and cost savings not available in the use of two circuits

to obtain extra output current.

Combining compatible components like these exemplifies Fairchild
Controls’ dedication to serve your broad scope amplification needs

whether they be:

e Total systems.

* Proprietary op-amps.

* Reliable second sourcing the industry’s broadest line of
standard op-amps.

See your nearest Fairchild rep, or call or write Marketing Manager, at

et e ]
FAIRCHILD
Recep it Lot

CEOORTRLE S

423 NATIONAL AVENUE, MOUNTAIN VIEW, CALIF. 94040 (408)962-3833
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NEW PRODUCTS

VOLTAGE-VARIABLE DIODE
Tuning ratio above 14.

1V 1401

Hyperabrupt-junction voltage-variable
capacitance diode, Type MV 1401, fea-
tures a min. tuning ratio of 14 at 1
MHz, specified for a reverse-voltage
range of 1 to 10 V. It has a high
nominal capacitance of 550 pF at 1
V and 1 MHz, and a min. figure of
merit of 200 at 2 V and 1 MHz. $5.95
ea. (100-999). Motorola Semiconduc-
tor Products Inc., Box 20924, Phoenix,
Ariz. 85036. (602) 273-3466.
Circle 201 on Inquiry Card

CHIP CAPACITOR
Range is 1200 to 470,000 pF.

New ceramic chip measures 0.230
#+0.010 x 0.210 #=0.010 and will re-
place the old 0.230 x 0.230 size. Tem-
perature range is —55° to 125°C.
Standard voltage ratings are 50 Vdc at
125°C and 100 Vdc at 85°C; capaci-
tance tol.: =*=59%, =*=109%, =+=20%.
Chip comes in both Npo and general
purpose dielectrics with noble metal
terminations. Vitramon, Inc., Box 544
Bridgeport, Conn, 06601. (203) 268-
6261.

Circle 202 on Inquiry Card

GaAs EMITTERS

Radiate 1R energy at 935 nm.

Four new gallium arsenide emitters
are made from amphoterically doped,
solution-grown GaAs. Three different
headers offer a variety of outputs and
beam patterns, ranging from 0.36 mW
optical power output into a 16° optical
beam to 150 mW into a 150° beam.
Spectronics, Inc., 541 Sterling Dr.
Richardson, Tex. 75080.

Circle 203 on Inquiry Card
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GLAZE RESISTORS
Values from 10 kQ to 10 GQ.

Stability of these miniature metal
oxide glaze resistors is better than 19
under full loads for 2000 hours, with
more than 40 W power diss./in3. Op-
erating temps range from cryogenic
levels to 220°C; tcs from 200 to 660
ppm; voltage coeff. from 2 to 5 ppm;
and accuracy from 0.59% to 29 de-
pending upon the resistance value.
Victoreen Instrument Div., 10101
Woodland Ave., Cleveland, Ohio

Circle 204 on Inquiry Card

DC SOURCES

For pc board mounting.

Precision loadable series RA-50 dc
voltage ref. sources accept an un-
regulated dc input which can vary as
much as *=10% and convert it to
stable 10 Vdc, 0 to 5 mA output.
Under steady state input conditions
the voltage drift does not exceed =+3
ppm in 8 hrs. or =10 ppm in 30 days.
TC is a low 1 ppm/°C for 0° to 50°C
amb. North Hills Electronics, Inc..
Glen Cove, LI, N.Y. 11542. (516)
671-5700.

Circle 205 on Inquiry Card

PANEL METER

Has insertable scales.
e —

e e |
Series 7000 panel meters have a
new case design which permits mount-
ing on the panel front, or behind the
panel with either an optional bezel or
lens kit. Tracking of 1% 1is standard
in taut band meters in dc ranges. Sizes
are 3%, 45 and 5% in., with all
popular ranges available. API Instru-
ments Co., Chesterland, Ohio 44026.

Circle 206 on Inquiry Card

CONDUCTIVE EPOXY
Two-component, silver filled.

Epo-Tek H21 is a 1009 solids sys-
tem that permits rapid and reliable po-
sitioning of chip resistors, chip capaci-
tors, LID’s, inductors, and other devices
in hybrid circuits. It can be used in the
300°C to 400°C range for intermittent
service, and will withstand continuous
operating temp. of 250°C. Volume re-
sistivity is rigidly held at 0.0006 to
0.0009 Q-cm. Epoxy Technology, Inc.,
65 Grove St., Watertown, Mass.

Circle 207 on Inquiry Card

PRECISION ADAPTERS

Keep reflections to a minimum.,

Precision 7 mm adapters are for
applications where you want to keep
reflections to an absolute minimum.
A modified 7 mm connector is used
in which the inner conductor is sup-
ported radially by a set of dielectric
pins and longitudinally by a dielectric
slab, instead of by the more conven-
tional support bead. The pins and
slab are carefully compensated. Al-
ford Mfg. Co., 120 Cross St., Win-
chester, Mass. 01890.

Circle 208 on Inquiry Card

1000 VA LINE REGULATOR

Nominal 50 ps response time.

Model 3131 1000 VA line regulator
features improved regulation for line
and load conditions, plus fast response
for any transients that may appear on
the input line signal. This 1000 VA
regulator has a total front panel height
of 5V4 in. and a weight of about 70
Ibs. $995. NH Research, Inc., 1510
S. Lyon St., Santa Ana, Calif. 92705.

Circle 209 on Inquiry Card
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Need A Scope
That Remembers?

[0 If you make real-time measurements in the 50 MHz to 100 MHz frequency range, here’s

something for you to remember: Only Hewlett-Packard offe a storage scope with bandwidth

capabilities in these frequencies. In addition to this exclusive capability, Hewlett-Packard offers a scope that remem -

bers sampling displays and spectrum analysis displays. [J If you want low-frequency, high-sensitivity in a low-cost

remembers, HP has it, too. [] In all the HP scopes, at the twist of a knob,

vary persistence—an HP exclusive. HP's storage technique allows you

your high frequency needs. Choose the low-cost 1200 series for

your low- frequency measurements. [] For application information on HP scopes that remember, contact your

local HP field engineer.

HEWLETT h

. PACKARD

Or, write to Hewlett-Packard, Palo Alto, California 94304.
Europe: 1217 Meyrin-Geneva, Switzerland.

Prices: HP 141 Mainframe, $1395 or $1500;
HP 181A Mainframe, $1850; HP 1200 Series, $1550 or $1900. OSCILLOSCOPE SYSTEMS
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NEW PRODUCTS

SOLID STATE SOURCE

Klystron replacement for X-band.

Miniature ss source is for klystron
replacement applications in the 8.5
to 10.0 GHz region. It delivers a min.
of 10 mW output from either an osM
connector or waveguide flange over
the range of —30° to +70°C with
a stab. of +=0.2%. It is tunable over
+100 MHz. Engelmann Microwave
Co., Skyline Dr., Montville, N.J.
07045. (201) 334-5700.

Circle 215 on Inquiry Card

SILICON CHOPPER

Transformer-coupled.

Model 71 chopper (or modulator)
is an encapsulated unit designed to
alternately connect and disconnect a
load from a signal source. It may also
be used as a demodulator to convert
an ac signal to dc. It can linearly
switch or chop voltages over a wide
dynamic range which nominally ex
tends down to 1 mV and up to *=10
V. The contacts can handle up to 5
mA. Solid State Electronics Corp..
15321 Rayen St., Sepulveda, Calif.
(213) EM 4-2271.

Circle 216 on Inquiry Card

ISOLATION TRANSFORMER

Eliminates spurious ground loops.

v

Wideband 1109-PA ground isola-
tion transformer eliminates spurious
ground loop currents in 75 coax,
video and data signal lines. Using
transformer balancing and shielding

techniques, 140 dB attenuation is
achieved against 60 Hz interference
with minimal distortion and attenua-
tion over the 25 Hz to 7 MHz band.
$125 (1-9). North Hills Electronics,
Inc., Alexander Place, Glen Cove, L.1.,
N.Y. 11542. (516) 671-5700.
Circle 217 on Inquiry Card
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LEAD TRIMMER

Pneumatic machine.

MARK IX trimmer trims parallel
leads of components such as transis-
tors, disc capacitors, pip modules ICs
in TO packages and most other set-
ups within a 1 in.? area. Quick change
dies may be built to trim up to 20
leads on a single module to specified
lengths from 0.050 to 0.500 in. Tech-
nical Devices Co., 11242 Playa Ct,
Culver City, Calif. 90230.

Circle 218 on Inquiry Card

CRYSTAL FILTER
Sharp selectivity.

Model 900-190-1 filter is centered
at 10.7 MHz and has 6 dB bandwidth
of 2.2 kHz min. It can be used wher-
ever narrowband selectivity is needed
and small size and low cost are im-
portant. Additional specs: 45 dB Bw
= 5.0 kHz; ripple = #=0.5 dB max;
insertion loss = 4.0 dB max.; input
and output terminations = 600 Q plus
30 pF. $12.40 to $26.00 ea. Erie Fre-
quency Control, div. of Erie Techno-
logical Products, 453 Lincoln St., Car-
lisle, Pa. 17013. (717) 249-2232.

Circle 219 on Inquiry Card

LATCHING RELAYS
In TO-5 cases.

The first two types (424A and
424AD) in a new line of four-pole
magnetic latching relays are identical
except that the D version has an in-
ternal chip diode in parallel with each
coil for transient suppression. The sin-
gle-throw units are fast (1.5 ms ac-
tuation time), and are thus well suited
to use in systems where memory is
needed. Teledyne Relays, 3155 W. El
Segundo Blvd., Hawthorne, Calif.
90250. (213) 679-2205.

Circle 220 on inquiry Card

Broad spectral response.

LATCHING RELAY
Meets Mil-R-5757E.

This 4 ppT (4FC) magnetic latch-
ing relay meets the requirements of
Mil-T-5757E, including welded seal.
It is available with 6, 12 and 24 Vdc
coils and operates from a 150 mW
short duration pulse. Contacts are
rated low level to 2 A res. Tempera-
ture range is —65° to 4+125°C. Bran-
son Corp., Vanderhoof Ave., Box W.,
Denville, N.J. 07834. (201) 625-0600.

Circle 221 on Inquiry Card

SILICON PHOTODIODE

e i 4

The SGD-040 is available in two
hermetically sealed package setups;
Type “A” conforms to a TO-5 me-
chanical outline and Type “B,” to a
TO-46 outline. Characteristics include:
sens. of 0.5 A/W at 0.9 yum; spectral
response range from 0.35 pm in the
UV to 1.13 ym in the near IR; rise-
time < 1 ns; channel imp. > 25 M Q;
and dark leakage current < 1 nA.
EG&G, Inc., Electronic Products Div..
160 Brookline Ave., Boston, Mass.
02215. (617) 267-9700.

Circle 222 on Inquiry Card

PUSHBUTTON SWITCHES

Reed actuated, low profile.
o )

J

Single pole normally open switch
provides the low operating force and
high reliability needed in keyboards.
The RSM-41 mounts on a 0.75 in.
spaced matrix, and is free from inter-
action between units. Minimum oper-
ating force, 1.2 oz.; max. 2.0 oz.; volt-
age, 50 V; current, 500 mA; power,
10 W; initial contact res., 15 mQ.
Alco Electronic Products, Inc., Box
1348, Lawrence, Mass. 01842, (617)
686-3887.

Circle 223 on Inquiry Card
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NOW... A NEW AND EXPANDED MANUFACTURING
SYSTEM FOR HIGH TECHNOLOGY INDUSTRIES

.by Hamilton Precision Metals

® COMPUTER ® INSTRUMENT ® TELECOMMUNICATION ® BUSINESS MACHINE

The Precision Metals Division of Hamilton Watch Company is now
geared to meet the requirements of computer, instruments, telecom-
munication and business machine manufacturers—as well as other
high technology industries—with high-quality precision strip, foil
and wire processing, precision Photoforming® and parts assembly.

Hamilton’s metals technology includes precision rolling of ultrathin
strip and foil and wire drawing in pure metals, commercial alloys
and proprietary metals with highly specialized properties. This
facility also includes heat-treating and annealing to provide the
physical or magnetic properties required.

Photoformed parts are produced from the precision-rolled
strip and foil in high volume, meeting the most rigid shape
and dimensional specifications. Parts are manufactured by .
modern, high-production equipment in the most advanced
chemical etching facility featuring ' ultraclean ' produc-
tion conditions.

Aﬂm.\ﬂr;\r.\ﬂ N - R b
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f. Jelal Jidlelalell 3%

HA mum

HEAD LAMINATIONS

HEAD SPRINGS

For useful printed data on precision-processed metals,
Photoformed parts and assembled components write:

TYPICAL & ' PRECISION METALS DIVISION

COMPUTER PARTS FANMNMILTON

WATCH COMPANY « LANCASTER, PA. 17604 « PHONE (717) 394-7161
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NEW PRODUCTS

INDUSTRIAL SCRs

Hermetically-sealed.

ID200 series ScrRs provide low-cost
electrical equivalents for the widely
used C106 series plastic scrRs. They are
for 1-V, medium-current control uses.
Voltage ratings are from 50 to 200 V
with a cont. dc forward current rating
of 1.6 A at 70°C case and a gate trig-
ger current of 200 pA max. From
$.70. Unitrode Corp., 580 Pleasant
St., Watertown, Mass. 02172. (617)
926-0404.

Circle 246 on Inquiry Card

HV POWER SUPPLY
Delivers 5.5 kVdc at 500 p.

Miniature supply is only 114 x 1 x
11/16 in., but delivers 5.5 kVdc at
500 wA. The 2.3 oz. unit is fully en-
capsulated in thermally conductive
epoxy, and when provided with ade-
quate heat sinking, it will maintain
rated current output at any temp.
from —55°C to +75°C. The unit
can charge a 0.6 u.F capacitor, parallel
with 10 MQ in 2s., with a 209, duty
cycle. Capitron Div. of AMP Inc., 155
Park St., Elizabethtown, Pa. 17022.
(717) 564-0101.

Circle 247 on Inquiry Card

TOROIDAL INDUCTORS

Small in size and weight.

ecc
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These inductors come in 90 induc-
tance values from 0.1 yH to 10 mH
with tolerances to #=1%. All are temp.
stabilized and display high Q for op-
timum operation at freqs. between
250 kHz to 25 MHz. Eighteen different
packages are used in sizes ranging
from 0.100 x 0.200 x 0.200 in. up to
0.300 x 0.500 in. Engineered Compo-
nents 2134 W. Rosecrans Ave., Gar-
dena, Calif. (213) 321-6565.

Circle 248 on Inquiry Card
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TRANSISTOR AMPLIFIER
With a low-noise figure of 7 dB.

This S-band amplifier (WJ-5004-4)
delivers a guaranteed power output
(for 1 dB gain compression) of +5
dBm and small signal gain of 25 dB.
It meets the respective environmental
requirements of Mil-E-16400F, includ-
ing Amendment 4 dated 15 May 1968,
and Mil-E-5400K, Class 2. Watkins-
Johnson Co., 3333 Hillview Ave.,
Stanford Industrial Park, Palo Alto,
Calif. 94304. (415) 326-8830.

Circle 249 on Inquiry Card

IC DE-SOLDER TIP

Speeds solder melting time.

POWER RESISTOR
With flat heat sink.

Industrial power resistor with a new
wafer construction allows power dis-
sipations to 50 W, with 0.003 to 25 Q
resistance values, low TCs (to =5
ppm) high accuracies (5% std. tol-
erance), and chassis mount construc-
tion. It has Kelvin Varley (4 wire)
construction for 0.05% measurements.
Charles T. Gamble Industries, Fair-
view St. & New Jersey Ave, Riverside,
N.J. 08075. (609) 461-1900.

Circle 252 on Inquiry Card

POWER SUPPLIES
High efficiency, low ripple.

Model 6948 de-soldering tip steps
up solder melting time on PC boards.
It features a slotted head that simul-
taneously applies heat on both sides
of the 1c leads. Up to 16-pin DIPs can
be released in one operation. Tip is
iron clad, nickel plated and pre-tinned.
It is available singly or included in the
company’s Princess® 1c de-solder kit
(Model #6939). Unger, div. of Eldon
Industries, Inc., 233 Manville Ave.,
Compton, Calif. 90220. (213) 774-
5950.

Circle 250 on Inquiry Card

REED SWITCH
Low profile.

New line of modular supplies are
for TTL, ECL, RTL, DTL and HTL logic
uses. An electronic ripple reducer
produces low output ripple <10 mV
rms, max. The LV Series is offered in
three package sizes from 3 to 15 V
and up to 150 A. Line reg. is 0.15%
410 mV for line variations from 105
to 132 Vac. Load reg. is 0.15% +10
mV. TC is 0.03% +0.5 mV/°C.
LLambda Electronics Corp., 515 Broad
Hollow Rd., Melville, N.Y. 11746.
(516) 694-4200.

Circle 253 on Inquiry Card

GUNN EFFECT SS SOURCE

Uses cavity stabilization methods.

Tiny Tina, centertap reed switch
meets the full electrical and physical
requirements of DIL reed relay manu-
facturers. Operate time, including
bounce, is typ. 250 ps, enabling fast
cycling; and <50 mW of power are
needed for switch operation. It has
easily workable 0.020-in. dia. leads.
Gordos Corp., 250 Glenwood Ave.,
Bloomfield, N.J. 07003. (201) 743-
6800.

Circle 251 on Inquiry Card

Model FS-51 covers 8.5-9.6 GHz
and 9.5-10.5 GHz ranges with three
min. power levels available; 5 mW, 10
mW, and 25 mW. Frequency stab. is
+10 ppm/°C max. with =5 ppm/°C
being typ. It has an op. temp. range
from —30° to +70°C. The fm noise
1s typ. 5 Hz/1000 Hz from the car-
rier. Frequency Sources, Inc., Ken-
nedy Dr., Box 159, North Chelmsford,
Mass. 01863. (617) 774-0577.

Circle 254 on Inquiry Card
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STACK THESE UP
y AGAINST THE OTHERS

Your Best Buys In Power Supplies
Come From Heath

Heath Power Supplies have been the first choice of thousands
of engineers for over 20 years . . . and with good reason. They
offer that skillful blend of performance, versatility and price
that make them the best all-around supplies available. And for
the price of a couple of supplies from anyone else, you can buy
all seven of ours. We still believe you should be able to get a
stack of supplies without spending a pile of money. When you
need a reliable, well-designed power supply and low cost too,
there’s only one best buy — Heathkit. For performance, versa-
tility and top dollar value, the others just don’t stack up.

2z

9s

$21.95" buys a Solid-State 1-15 VDC Kit

e Variable 1-15 VDC o Adjustable current limiting ¢ Up
to 500 mA continuous e Positive or negative ground e
External AC or DC programming e Darlington pair regu-
fation ¢ Less than 5 mV ripple ¢ 120/240 VAC o Circuit
board construction. IP-18, 9 ibs.

$50.00" buys an Assembled 0-15 VDC Supply

e Solid-State e Variable 0-15 VDC e Adjustabie current
limiting 35-750 mA e Overcurrent indicator ¢ 0.62%
regulation e 0.02% stability ¢ External programming e
5-way binding post and octal socket output e 120/240
VAC o Assembled & tested. EU-41A, 6 Ibs.

$90.00" buys Assembled 50-300 VDC Supply

= Solid-State o Variable 50-300 VDC o 20 mA current
limiting e 6.3 VAC (0 1 A e 19 regulation e Less than
50 mV ripple o 120/240 VAC e 5-way binding post &
octal socket output e Assembled & tested. EU-40A, 7 Ibs.

$47.50" buys a Solid-State 1-30 VDC Kit

e Two variable ranges ... 1-10 & 1-30 VDC o Two range
current limiting . . . 10-100 mA & 10 mA-1A e Switched
metering e Function lamps e External voltage sensing e
AC & DC programming e Standby switch e 120/240
VAC e Circuit board/wiring harness  1P-28, 9 Ibs.

$61.95" buys a 0-400 VDC Kit

., *0 10400 VDC & 0 to -100 VDC 6.3 VAC (0 4A & 12.6
VAC (@ 2A e Separate meters for B+ voltage & current
1% regulation e Less than 10 mV ripple o« 120/240
VAC e KitIP-17, 21 Ibs. s Assembled & tested IPW-17,
18 Ibs., $95.00*

$79.95" buys a Solid-State 0.5-50 VDC Kit

¢ 0.5 to 50 VDC e .05% regulation ¢ Adjustable current
fimiting e 4 switched current ranges ... 50, 150, 500 &
1500 mA max. e Standby switch e Less than 250 uV
ripple o Floating output s Immune to transients » 120/
240 VAC e Kit IP-27, 16 Ibs. e Assembled & tested
1PW.27, 14 Ibs., $125.00*

O\S‘s $52.95" buys a 6 & 12 VDC Kit
293,

e Switched 6 VDC (@ 10 A or 12 VDC (@ 5 A outpute
Filtered and unfiltered outputs e Separate voltage and
current meters o Less than 0.3% ripple o Doubles as a
battery charger o Heavy duty e Kit IP-12, 18 Ibs.

e e e e e e e e e e e e e g HEATHIIT |-
HEATH COMPANY, Dept. 520-25
Benton Harbor, Michigan 49022 a Schlumberger company
FREE 1970 CATALOG! O Enclosed is § plus shipping.

Now with more kits, more color. | Please send model (s)
Fully describes these along with I [J Please send FREE Heathkit Catalog. [0 Please send Credit Application.

over 300 kits for stereo/hi-fi,

color TV, electronic organs, gui- Name

tar amplifiers, amateur radio,

marine, educational, CB, home Address

& hobby. Mail coupon or write

Heath Company, Benton Harbor, City State Zip

Michigan 43022. L __*Mail order prices; F.0.B. factory. _Prices & specifications subject to change without notice. TE-219
__________________________________ —_
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NEW PRODUCTS

QUARTZ FILTERS
With a 5 MHz center freq.

These 6-pole coupled mode quartz
filters have a 3 dB Bw of 14 kHz, and
a 60 dB Bw of 70 kHz. Temperature

stab. is +0.005%, and time stab.
+0.0007 % /yr. Operating temp. range
is from —45° to +85°C. Input and
output impedances are 12,000 ). Max-
imum insertion loss is 4 dB, ultimate
attenuation 100 dB. Piezoelectric Div.,
Gould Inc., 232 Forbes Rd., Bedford,
Ohio 44146.

Circle 255 on Inquiry Card

PHOTOTRANSISTOR ARRAYS
OCR applications.

LS

- u“v“
3
T

These std. arrays come with from
5 to 12 phototransistor sensors and
a variety of on-center distances. All
commercially available phototransis-
tor chips are available with std. posi-
tioning tolerances to #0.001 in. Ar-
rays can be mounted directly to a
fiber-optic head or a pcB, plugged into
std. sockets or attached by mounting
holes. HEI, Inc., Jonathan Industrial
Ctr., Chaska, Minn. 55318. (612)
445-3510.

Circle 256 on Inquiry Card

STRIPLINE ATTENUATORS
Give up to 5 W of power.

HV LATCHING RELAY
Weighs only 34 grams.

Type TCR/L high-vacuum SPDT
magnetic latching relay can switch
2500 W with only a 3 ms, 18 Vdc
pulse. It can be operated at 5000 V
in air and 15,000 V in oil or gaseous
dielectric media. Because of the short
pulse used to operate this relay, the
coil temp. rise is negligible. It meets
Mil-Std-5757. Torr Laboratories, Inc.,
222 Cotner Ave., Los Angeles, Calif.
90064. (213) 477-1224.

Circle 258 on Inquiry Card

DIL RESISTOR MODULE
Low height profile is 0.250 in.

‘ﬁ

)
/

i
|

New 8-lead cermet module pro-
vides a small economical package for
uses requiring 7 or fewer resistors.
Series 760 modules with 8-pin leads
are available with capacitor chips
and/or active devices. Lead spacing is
0.100 in. Total module load at 70°C
is % W. Base prices are $.74 ea. in
1000 lots, based on #2129, tol. and
std. Tc of #+=250 ppm/°C from 50 Q
through 1 MQ. CTS of Berne, Inc.,
Berne, Ind. 46711. (219) 589-3111.

Circle 259 on Inquiry Card

FLAT JUMPER CABLE

For multiple circuits.

SILICON NPN TRANSISTORS

Plastic power line.

The B5000-5150 series is well suited
for hybrid circuitry application where
power transistor functions are re-
quired. The transistors are plastic
packaged. A typical cost for the
B5000-5150 is $0.90 ea./100. Elec-
trical characteristics are: hpp range
up to 250, I 3 A max. and Vg, up
to 60 V max. Solitron Devices, Inc.,
256 Oak Tree Rd., Tappan, N.Y.
10983. (914) 359-5050.

Circle 261 on Inquiry Card
ROTARY SWITCH

For pc board applications.

Model 374 is a 1-pole, 6-position,
Y4 in. dia. cermet switch that will
handle 100 mA at 28 Vdc and will
operate from —55° to +85°C. They
have a precious metal wiper for longer
life, and built-in standoffs to allow
easy board washing. Two std. models
are available—the 374 (screwdriver
adjust) and the 374H (thumbwheel
adjust). Helipot Div., Beckman In-
struments, Inc., 2500 Harbor Blvd.,
Fullerton, Calif. 92634.

Circle 262 on Inquiry Card

PARAMETRIC AMPLIFIERS

Feature noise temp. to 100°K.

These flat attenuator chips are for
stripline, microstrip and pc uses, and
are available in models ranging from
5, W to 5 W, and from 1 dB to 20
dB, with a 10% or 0.5 dB tol. A
vswr of <1.2 and up to 4 GHz is
attainable with proper mounting. $7.75
to $20.00. EMC Technology, Inc.,
1300 Arch St., Philadelphia, Pa.
19107. (215) 563-1340.

Circle 257 on Inquiry Card

iz26

This jumper cable is for connections
such as a circuit patch cord, board
extension, chassis to cabinet, chassis
to chassis, and cabinet interconnection.
Designed to mate with pPc connectors,
contact is made directly to the flat
cable conductors, eliminating the need
for attached contacts or terminals.
Burndy Corp., Tape Cable Div., 15
Linden Park, Rochester, N.Y. 14625.

Circle 260 on Inquiry Card

“PAR” series, uncooled paramps
cover freq. ranges from 1 to 8 GHz
with Bws to 500 MHz. A double bal-
anced design®” on an alumina sub-
strate provides high Lo to rf isolation
from the built-in avalanche diode
pump source. Weighing <2 1bs., a typ.
RHG paramp has a freq. range from
3.7 to 4.2 GHz. Electronics Lab., Inc.,
94 Milbar Blvd., Farmingdale, N.Y.

Circle 263 on Inquiry Card
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GUDE-TIES, replacing plastic wraps,
cut yearly material cost more than 75%

“GUDE-TIES”, CUT LENGTHS of Gudebrod Flat Braided
Lacing Tapes, are specifically produced for spot tying—in produc-
tion harnessing or for on-site work. A comparative engineering
analysis found that material costs for Gude-Ties was 76.7% less
than for plastic wraps on a yearly production basis, and harness
weight was reduced also. In aviation and other important applica-
tions weight of the harness is important, and gaining more im-
portance. Gude-Ties are dispenser packaged for one hand, easy
withdrawal. Meet MIL-T Specs, make firm knots. Availablein 6”,
8”,10”,12",15”,18",20"” and 22" lengths (other lengths to order).

Try GUDEBROD’S SYSTEM *S§»

In spot tying when you combine Gudebrod Gude-Ties with
Gudebrod Gude-Snips and the Gudebrod Swivel-Tilt Har-
ness Board Mount you’re really streamlining the production
of wire harnesses. Gude-Snips, palm-of-the-hand snips cut
cleanly, easily—right or left hand. Spring action, Du Pont
Teflon bearing. Eliminate constant reaching for knife or
shears. The balanced, three dimensional action of the
Gudebrod Swivel-Tilt Harness Board Mount brings every
section of the harness within easy, comfortable reach.
Cuts fatigue — speeds
work. Ask for full in-
formation about
Gudebrod System
‘S’ for spot tie
lacing. (For con-
\ tinuous tying, ask
about System “C”.)

Gudebrod Swivel-Tilt
Harness Board Mounts
available in several sizes

G UDEBROD

%@w \ﬁcm o

GUDEBROD BROS. SILK CO., INC. Founded 1870, 12 South 12th Street, Philadelphia, Pa. 19107

e

1870—100 Years of Quality—1970
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ANPERITE

Thermostatic
DELAY RELAYS

4MPERIT
DELAY
|| RELAY

Only a glass seal

offers true hermetic sealing
... assuring maximum stability and life!

Delays: 2 to 180 seconds . . Actuated
by a heater, they operate on A.C., D.C., or Pulsating
Current . . . Being hermetically sealed, they are not
affected by altitude, moisture, or climate changes . . .
SPST only—normally open or normally closed . . . Com-
pensated for ambient temperature changes from —55° to
-+-80° C. . .. Heaters consume approximately 2 W. and
may be operated continuously . . . The units are rugged,
explosion-proof, long-lived, and—inexpensive!
TYPES: Standard Radio Octal, and 9-Pin Miniature.

List Price, $4.00

PROBLEM? Send for Bulletin No. TR-81

ANPER

BALLAST
REGULATORS

AMPERITE,
REGULATOR,

10
VOLTAGE OF 24V ! WITH AMPERITE
BATTERY & CHARGER | VOLTAGE VARIES

"50% | 2%

Hermetically sealed, they are not affected by
changes in altitude, ambient temperature (—50°
to 470° C.), or humidity . . . Rugged, light,
compact, most inexpensive . . . List Price, $3.00.

BATTERY VOLTAGE

Write for 4-page Technical Bulletin No. AB-51

AMPERITE

600 PALISADE AVE., UNION CITY, N.J.
Telephone: 201 UNion 4-9503

In Canada: Atlas Radio Corp., Ltd.,
50 Wingold Ave., Toronto 10

Circle 65 on Inquiry Card

NEW PRODUCTS

RADIAL LEAD INDUCTOR
Values from 0.10 to 100,000 pH.

HV FET INPUT OP AMP

Features low bias current.

“Pee Cee Ductor” is a fixed shielded
rf inductor for pc applications. De-
signed to meet Mil-C-15305C, Grade
1, Class B requirements, it has unitized
epoxy-molded construction. Standard
inductance tol. is ==10%. Printed
board mounting is facilitated by 0.200
grid spacing to allow for max. density
packaging. Nytronics, Inc., 550 Spring-
field Ave., Berkeley Heights, N.J.
07922.

Circle 233 on Inquiry Card

CRYSTAL FILTER

Operates at std. i-f of 21 .4 MHz.

' \\ A :
This band-pass filter has a 60 dB
to 3 dB bandwidth ratio of 1.22:1

nom. from —55° to +85°C. De-
signed for use in communications re-
ceivers, radar and telemetry systems,
Model 6566A has a 3 dB BW of 26
kHz and. an insertion loss of 4 dB.
Passband ripple is =3 dB with an
ultimate rejection of 80 dB min.
Source imp. is 50Q and load imp. is
200Q. Damon/Electronics Div., 115
Fourth Ave., Needham Heights, Mass.
02194. (617) 449-0800.

Circle 234 on Inquiry Card
CERMET MATERIALS

For film resistors and hybrids.
¢ CERVALLOY:

New thixotropic pastcs come w1th
TCR levels of from 100 € /sq. to 10
kQ)/sq. They are completely blendable
over the entire sheet resistivity range,
and accept laser trimming very well.
They are reproducible batch-to-batch
and meet or exceed appropriate Mil
Specs. Cermalloy, Cermet Div. of Bala
Electronics Corp., Box 465, Bala-Cyn-
wyd, Pa. 19004. (215) 828-4650.

Circle 235 on Inquiry Card

Model A-160 op amp has a 10 pA
max. input bias current with supply
voltages up to =50 V, 94 dB min.
CMR and 20 pV/V supply rejection,
It also offers 20 V/us min. slewing
rate, 200,000 min. open loop gain and
4 MHz typ. BW. Initial offset voltage
is 1 mV max. adj. to zero and max.
drift is 25 pV/°C. $85 (1-9). Intech
Inc., 1220 Coleman Ave., Santa Clara,
Calif. 95050. (408) 244- 0500.

Circie 236 on Inquiry Card

DIP TEST SOCKETS

Devices inserted with leads up.

The need to manipulate leads into
individual contacts is eliminated with
121-0102 series inverted sockets. Posi-
tive wiping-action spring contacts are
recessed in deep grooves to guide leads
during insertion. Contact res. of <
0.010 Q, max. current of 1.0 A, di-
electric withstanding volt. of 1800
Vrms, and interlead capacitance of
0.6 pF at 1.0 MHz. $1.58 to $2.95.
Barnes Corp., 24 N. Lansdowne Ave.,
Lansdowne, Pa. 19050. (215) 622-
1525.

Circle 237 on Inquiry Card

LOW PRESSURE TRANSDUCER

With input to output isolation.

TAvE conmonanion TR
PRESSURE tm\nsuuc:
s

Model P-4 features adjustable zero
and full scale and low power consump-
tion. Ranges of 0-0.1 to 0-100 psia,
psig, or psid are available. It operates
on 20 to 40 Vdc unregulated power at
6 mA. Available with outputs of 0-5,
+2.5, or =5 Vdc. Tavis Corp., Boot-
jack Rd., Mariposa, Calif. 95338.

Circle 238 on Inquiry Card
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ROTARY SWITCH

24-position (15° angle of throw).

This miniaturized switch has a 1.350
in. dia. with a behind-panel dimension
of 0.916 in. for a one-deck unit. Each
additional deck adds about 0.333 in.
It is available with 1 to 12 poles/deck
and with as many as 12 decks in a
switch. A total of 12 poles is the max./
switch. Series 53M15 is rated at ¥4 A,
115 Vac, res. load, and ¥4 A, 6-28
Vdc. res. load. Grayhill Inc., 543 Hill-
grove Ave., LaGrange, IlIl. 60525.
(312) 354-1040.

Circle 239 on Inquiry Card

LEAD STRAIGHTENER

Increases component processing speed.

“Niagara Wire Straightener” in-
creases axial lead component output
from 100/hr. by manual operation to
over 3,000/hr. It accepts deformed
wires in angles of up to 45° from cen-
terline axis, in variable lengths from
0.500 to 3.0 in. In diameters from al-
most zero to 0.250 in. It can be set to
accept miniature resistors, capacitors,
transistors, diodes, and so forth. Ni-
agara Electro-Mechanical Corp., 1280
Erie Ave., North Tonawanda, N. Y.
14120.

Circle 240 on Inquiry Card

THUMBWHEEL SWITCHES

Protect equipment.

These switches protect important
processes and production machines
from damage caused by switching, un-
known to the operator. This is done
by locking thumbwheel switches into
positions from which they can be re-
leased only by a constant duty dc
solenoid, either remotely controlled
or key controlled. Solenoid can be
supplied as a remote-control feature
only (Series LRT-27000-S as shown in
photo) or as a manual and remote fea-
ture (Series TIR-27000). About $75
for a 3-module assembly. Chicago Dy-
namic Industries, Inc., Precision Prod-
ucts Div., 1725 Diversey Blvd., Chi-
cago, Ill. 60614. (312) 935-4600.

Circle 241 on Inquiry Card

INJECTION MOLD MACHINE

Has automatic cycling.

Multa-Press G-55 ram-operated ver-
tical injection molding machine has
both semi-automatic and manual con-
trols with adjustable injection pressure
to 16,000 psi and clamp pressure to
eight tons. The dual-heat zone cylinder
gives a 2 oz. shot size with 6 lbs./h
plasticizing capacity. It takes all nor-
mal thermoplastic and injection mold-
able thermoset materials. Morgan In-
dustries, Inc., 3311 E. 59th St., Long
Beach, Calif. 90805. (213) 634-4074.

Circle 242 on Inquiry Card

HIGH POWER TWT

With broadband match.

The YH1150 is a water-cooled helix
type, high power cw TWT suitable for
troposcatter radio links in the range
of 1.7 GHz—2.1 GHz. Its cw rf out-
put power is 1 kW. A gain of 26 dB
may be realized. Electron beam is fo-
cused by a solenoid with low dc power
consumption. The amplifier is short-
circuit stable. Telefunken, South St.,
Roosevelt Field, Garden City, L.I.,
N.Y. 11530. (516) 741-1390.

Circle 243 on Inquiry Card

aPerfect Marria

Megasample Multi Iexl
onversn

dan

DYNATRONICS
combines a high
speed A/D convert-
er with multiplexing
and sample and hold
to provide 10 bit, 1

megasample data ac-
quisition and A/D con-
version - field proven in
operational systems - with only f

ADC-7 A/D Converter. Up to 12 bits. Two cards.
ICC-641 Multiplexer. 32 channels. One card.
ICC-640 Dual Sample and Hold. One card.

A complete line of Integrated Circuit Cards is
offered as building blocks for digital data systems.

GENERAL DYNAMICS

age

cooling

Electronics Division-‘armrronics Operation
P. 0. Box 2566, Orlando, Florida 32802

Circle 66 on Inquiry Card

Rotron brings

for LOW PROFILE

applications <

A fan that's just 3'/s” square — fits
standard 3'/2” rack panel. Delivers
big 33 CFM of air at free delivery.
B Pressure characteristics better
than larger conventional fan de-
signs. B Optimum performance.
.05 to .075 inch water at 25-30 CFM.
B Double flange construction for
universal flush mounting. ® Low
¢ maintenance.
Aerodynamic design provides
high pressure in range
approaching free delivery.

12 T 1

1ok

S
\

06}—a_{~

STATIC PRESSURE
INCHES OF WATER

04

) -
5 20 25 30 3%

AR YOLUMECPM

Available from stock

For complete

technical details

write today to

Rotron Incorporated,
Woodstock, N.Y. 12498

+[ROTRON

INCORPORATED
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Do A
RF and POWER
SWITCHES

A complete line of rotary, high
voltage and high current ce-
ramic-type switches for RF and
low frequency applications.

Write for catalog, containing in-
formation on the mechanical and
electrical properties of our
standard line of switches.

BADID SYNIED ORPVAATIO
O o aep 6100

Circle 68 on Inquiry Card

NEW PRODUCTS

DC SERVO MOTOR

Drives computer cassette tapes.

This dc motor directly drives cas-
settes for digital data entry at speeds
from 2 to 20 ips without requiring any
intervening mechanical gearing. The
size 13 motor has low ripple torque to
keep tape drive uniform and speed
control accurate to within #=3%, a
high starting torque and a low starting
voltage. Usually, two motors are
needed—one driving the tape, the
other working off a low signal to
maintain preper tape tension. Clifton
Div., Litton Precision Products. Inc.,
Marple at Broadway, Clifton Heights,
Pa. 19018. (215) 622-1000.

Circle 244 on Inquiry Card

SIGNAL ISOLATOR

For dc-to-dc isolation.

Model DC1-177 is useful for: float-
ing signals off ground, isolating dif-
ferent signal grounds, isolating high
potential difference circuits (to 500
V), 180° phase inversion, dc polarity
reversal or ac phase inversion, and pro-
viding an additional isolated ref. volt-
age or Lv power supply. Input signals
from —10 to +10 Vdc or 20 V pk-to-
pk ac can be isolated and transferred
to an isolated two-port. Solid State
Electronics Corp., 15321 Rayen St.,
Sepulveda, Calir. 91343. (213) 785-
4473.

Circle 245 on Inquiry Card

130 Circle 69 on Inquiry Card
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Scotchpar 3M
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Instrumentation handbook

Just as you pick up the Hewlett-
Packard catalog to “brush up” on the
basic principles of counters or Wien-
bridge oscillators, you will find your-
self referring constantly to the Honey-
well Instrumentation Handbook; not
only for product information, but also
for the excellent glossaries and short
technical notes on the basic principles
behind many of the instruments
Honeywell sells. We found the glos-

|:E in Osc.
Stop l

Comp. Gate 1 Counter
T Start
Ramp |, | Rate
Gen. Ckts.

Ramp voltmeter

saries of transducer terms, the appli-
cation note on signal conditioners, and
the basic principles for the different
types of digital voltmeters, of particu-
lar interest to our readers. These,
incidentally, include not only the
principles behind Honeywell multi-
meters and panel meters, but also
those applying to bpvMms of other
manufacturers. Honeywell Inc., Test
Instruments Div., 4800 E. Dry Creek
Rd., Denver, Colo.
Circle 361 on Inquiry Card

Industrial catalog

New products for industrial use are
introduced in this 56-page supplement
to the company’s 1970 industrial cata-
log. You will find a useful semicon-
ductor and 1c directory, plus informa-
tion on digital display equipment, os-
cilloscopes, power supplies, and other
industrial products. Allied Electronics
Corp., 100 N. Western Ave., Chicago,

111. 60680.
Circle 362 on Inquiry Card

Hybrids

The essential details of thick-film
hybrid circuits, how they are made,
and why they provide the best solu-
tions to circuit miniaturization are
explained to you in this 16-page bro-
chure. The development and design
conditions are outlined for you, and
the company explains their methods
and capabilities in meeting these re-
quirements. Centralab Semiconductor,
4501 North Arden Dr., El Monte,
Calif. 91734.

Circle 363 on Inquiry Card

The Electronic Engineer « April 1970

Millimeter wave catalog

All the way from Japan comes this
75-page catalog containing 420 prod-
ucts of mm wave test equipment and
components covering from 18 to 170
GHz. Frequency meters, attenuators,
and phase shifters are among the di-
rect reading instruments discussed.
Other feature products include a pre-
cision standing - wave detector, dry
calorimeter, and a matched hybrid
tee. Specs are given for all products,
performance curves for principal
equipment. Hitachi Ltd., Telecom-
munications Dept., International Div.,
Nippon Bldg., No. 8, 2- chome, Ohte-
machi, Chiyoda-ku, Tokyo, Japan.

Circle 364 on Inquiry Card

ICs

Integrated circuits in the 5400 and
7400 TTL series are the subject of a
32-page brochure. Following Fair-
child’s initial entry into the 7400 mar-
ket, the publication covers the first
24 products in their series and indi-
cates the recommended operating con-

\'g

ditions for these circuits. Nine full
pages are devoted to diagrams and
schematics showing test circuits and
voltage waveforms. Fairchild Semi-
conductor, Box 1058, Mountain View,
Calif. 94040.

Circle 365 on Inquiry Card

Low cost transistors

A line of plastic-encapsulated sili-
con bipolar, unijunction, and field
effect transistors are detailed in a
12-page brochure. The economy tran-
sistors meet high reliability specifica-
tions and offer such benefits as moist-
ure resistance, stability, solderability,
ruggedness, and indexability. An appli-
cation guide listing device recom-
mendations and electrical parameters
is provided, as is a cross-reference of
transistor type designations, direct
replacements, preferred types, and
equivalents, Texas Instruments Inc.,
Inquiry Answering Service, P.O. Box
5012, M/S 308, Dallas, Texas. 75222.

Circle 366 on Inquiry Card

Computer handbook

If you’re interested in mini-com-
puters, youwll want a copy of this
408-page manual describing the Vari-
an 520/i minicomputer priced at
$7500. Systems designers, program-
mers and users will find its descriptions
of hardware, interfaces and software
useful references. Since the various
sections are cross-referenced, you’ll
have no trouble finding the information
you need. Varian Data Machines,
2722 Michelson Dr., Irvine, Calif.
92664.

Circle 367 on Inquiry Card

DC-to-dc transformers

A selector guide devoted to dc-to-dc
converter transformers is suggested
for engineers involved in circuitry
using magnetic components. Power
ratings from 25 mW to 125 VA are
provided and the possibilities of using
plus and minus output voltages in
op-amp applications are explored in
schematics. A feature of the catalog
is a discussion of compact dc-to-dc
converter transformers that operate at
a switching frequency of 20 kHz and
have a power output of 30 VA. Mic-
rotran Co., Inc., Valley Stream, N.Y.
11582.

Circle 368 on Inquiry Card

Testing digital ICs

A method of performing both pa-
rameter and functional tests simulta-
neously for all combinations of inputs
has been termed the analogical circuit
technique. The method has been ap-
plied to test instruments making
possible high speed, go/no-go testing
as well as evaluation and parameter
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J133C measures leakage current

analyses of 1cs. The instrument (des-
ignated Act 1) is described in a 12-
page brochure. Though it is primarily
an incoming inspection instrument, it
is available for engineering use by
adding such accessories as an analog
programmer, evaluation test deck, and
a pattern control unit. Teradyne Inc.,
183 Essex St., Boston, Mass. 02111.
Circle 369 on Inquiry Card
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Signal conditioning

The six basic types of signal
sources, conventional amplifier input
configurations, and proper grounding
techniques are explained to you in this
16-page booklet. It is filled with illus-
trations to help you select the proper
amplifier and signal cabling methods
for your application, and you receive
instructions for eliminating the prob-
lems of signal cable shielding and
ground loop. Brush Instruments Div.,
Gould Inc., 3631 Perkins Ave., Cleve-
land, Ohio 44114.

Circle 370 on Inquiry Card

Power supplies

Whether your application is op
amps, ICs, logic circuits, relays, lamps,
or electronic measuring equipment,
you're sure to find the right ac-to-dc
plug-in power supplies among the
82,000 listed in this 24-page catalog.
And just as important—the model you
choose from this catalog will be ship-
ped to you three days after receipt of
order. The company will also ship a
completely wired, multiple - output,
power supply system in just nine days.
Acopian Corp., Easton, Pa. 18042!

Circle 371 on Inquiry Card

FETs and ICs

Choose your FET by number or by
application—it’s listed both ways in
this 12-page short form catalog. And
if you don’t find the one you need,
call the company and they’ll make one
specially for you. All the digital and
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Zener gate protection
linear 1cs described are accompanied
by schematics. An OEM price list is
included for your convenience. Sili-
conix Inc., 2201 Laurelwood Rd.,
Santa Clara, Calif. 95054.
Circle 372 on Inquiry Card

Product selector guide

Switches, readouts, and indicator
lights are listed in a 55-page, sectioned
product selector guide. Each section
offers data on indicators by size or
product grouping. The reference is
indexed. Dialight Corp., 60 Stewart
Ave., Brooklyn, N.Y. 11237.

Circle 373 on Inquiry Card

Computer glossary

More than a hundred words of the
jargon of the computer industry are
defined in this 8-page glossary. It
covers the gamut from “access time”
to “zero suppression.” Definitions pro-
vide cross-references, synonyms and/
or antonyms, and table illustrations
where necessary. In defining abbrevia-
tions, root words are given in addition
to the explanation. For instance:
“FORTRAN: Formula Translator. The
language for a scientific procedural
programming system.” General Auto-
mation Inc., 706 W. Katella Ave.,
Orange, Calif. 92667.

Circle 374 on Inquiry Card

Standard components

A comprehensive catalog brings you
information on standard inductor, ca-
pacitor, resistor, and pot lines. The
electrical, density, and physical and
environmental characteristics of induc-
tors and capacitors are outlined for
you, and complete specs are given for
resistors and pots. The 42-page catalog
is offered to you by Nytronics Inc.,
550 Springfield Ave., Berkeley Heights,
N.J. 07922.

Circle 375 on Inquiry Card

Proven: Your most efficient
circuit hoard heat sink.. ...

NATURAL CONVECTION CHARACTERISTICS

DILECTRIX DF-1300
TFE Teflon cast tape...

Adds moisture barrier and chemical
resistance to

insulation systems
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Most versatile line of 1100 aluminum heat sinks dissi-
pates up to 15 watts with an 80°C rise. Free air circu-
in any position.
Accepts nearly all popular transistors.

Only 73¢ in lots over 500. Send for Bulletin 680.

WAKEFIELD

ENGINEERING INC., Wakefield, Mass. 01880 ® 617-245-5900

lation design permits mounting

DELTA ™ DIV.
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SURFACE TREATMENT

Here’s a void-free multi-

laminar cast TFE tape with

= TFE zero moisture absorption. And

- in combination with other

SURFACE TREATMENT

material adds a weatherproof
and chemical barrier to an

insulation system. Both surfaces are receptive to
bonding agents assuring complete bonding to other
materials.

Dilectrix DF-1300 TFE Teflon Tape adds excellent
protection in moist and corrosive environments.
Available up to 2%2 mils thick, ¥4” to 12” wide.
Send for complete technical data and free sample.

CDilectri@

CORPORATION

A SUBSIDIARY OF NATVAR CORPORATION
69 Allen Blvd., Farmingdale, N.Y. 11735

@ *DuPont trademark

Circle 71 on Inquiry Card



D/A converters handbook

Aimed at design and application
engineers, a 28-page guide to D/A
converters is divided into three sec-
tions. Section one covers basic theory
and includes typical circuits and defini-
tions of parameters. Section two
describes applications for the devices,
and section three provides technical
information on a line of ultraminia-
ture D/A converters. Datel Corp.,
943 Turnpike St., Canton, Mass.

02021.
Circle 376 on Inquiry Card

Chemicals catalog

A 1970 catalog devotes itself to
inorganic and organometallic chemi-
cals, ultrapure chemicals, pure metals,
and related materials for research.
Included in this year’s version are
200 elements available from the
company, as well as analytical data
on the metals being offered. Color-
coded for quick and easy reference,
the catalog is available to research
scientists in chemistry, physics, elec-
tronics, and optics. Alfa Inorganics
Inc., Box 159, Beverly, Mass. 01915.

Circle 377 on Inquiry Card

Application report

Schematics thoroughly illustrate the
applications of the SN 54/74154 de-
coder /demultiplexer 1c discussed in
this 8-page report. You will learn the
internal logic design and performance
capabilities of the device as a 4- to 16-
line decoder, or as a 1- to 16-line
demultiplexer. Switching characteris-

B [ Lo } ‘

tics are given in chart form and truth
tables are listed for all 16 outputs.
The reduction in package count, num-
ber of interconnections, and wiring
complexity will give you the increased
reliability you're looking for. Texas
Instruments Inc., Box 5012 M/S 308,
Dallas, Texas 75222.
Circle 378 on Inquiry Card

Logic handbook

A third edition of a control hand-
book is aimed at specifiers, designers,
manufacturers, and/or users of elec-
tronic or mechanical logic for instru-
mentation and control. The 282-pager
deals with available methods and prod-
ucts for implementing fast and reli-
able solid-state electronic control sys-
tems. Low-cost logic and interfacing
modules designed to operate in an
electrically noisy environment are fea-
tured. Application notes to aid the
reader in designing systems from the
modules are included.

Available on company letterhead
from Digital Equipment Corp., 146
Main St., Maynard, Mass. 01754.

Power systems supplement

A complete line of standard power
supplies are described in a 31-page
brochure. Each system discussed is
supplied with power controls, systems
metering panel, and cables to facili-
tate ordering a complete power system
ready for hook-up. Lambda Electron-
ics Corp., Route 110, Melville, N.Y.
11746.

Circle 379 on Inquiry Card

engineers with good
connections keep up
contacts

NTACT
c%e-NU |
| i They use MS-230 Contact Re-Nu to
’ fae’()N“ Te maintain full electrical continuity on

relays, connectors ... all types of con-
tacts where dirt, erosion dust and
greasy films can lead to erratic opera-
tion. MS-230 is formulated especially

Mﬁ?‘f"‘?‘
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Circle 72 on Inquiry Card

for cleaning contacts. Make it a part of
your regular preventive maintenance
program.

Write on your company letter-
head for a free 16-0z. sample. For
literature only, use bingo card.

@ miller-stephenson chemicail co..inc.
Route 7, Danbury, Conn. 06813
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Application note

Much of the subject material en-
countered in engineering and electronic
technician courses has to do with the
frequency behavior of electrical net-
works. This 17-page note, “Using the
675/676 A Network Analyzer as an
Educational Tool,” demonstrates sev-

6754

Setup for measuring
complex impedance

eral network responses which might be
useful in the classroom. If you're a
design engineer, you'll find the includ-
ed Nichol’s chart oscilloscope CRT
overlay useful in predicting the closed
loop behavior of feedback network
designs. Hewlett-Packard, 195 Page
Mill Rd., Palo Alto, Calif. 94306.

Circle 380 on Inquiry Card

Snecial offer

A “Guide to Thick-Film Hybrid De-
sign” wall chart, 14 by 22 inches, in
full color, is available from Sylvania
Electric. The chart contains important
information about active devices, inks
and passive components, along with
useful packaging information. For
your free copy,

Circle 381 on Inquiry Card

Data services

Because Honeywell is a complex
corporation it has developed many in-
formation system applications for its
own use. Now these internal resources
are brought directly to you. This 20-
page brochure describes six data-proc-
essing services offered by data centers
in sixteen cities. These include time-
sharing, remote and on-site batch data
processing machine time, contract soft-
ware, systems consulting, and facili-
ties management. Honeywell Informa-
tion Services Div., G2118, 2701
Fourth Ave. S., Minneapolis, Minn.
55408.

Circle 382 on Inquiry Card

Computer data reduction

If you send for this 22-page publi-
cation you will be adding another sec-
tion to your “Semiconductor Strain
Gage Handbook.” (In case you missed
the first offer, the other seven sections
are also available.) This part covers
the basic problems involved in the re-
duction of data from semiconductor

Standard strain indicator with
separate balancing bridge

gages, the availability and applicabil-
ity of time-sharing computers for this
reduction, and five programs appro-
priate to strain data reduction and
transducer compensation, each accom-
panied by a typical data run. BLH
Electronics Inc., 42 Fourth Ave., Wal-
tham, Mass. 02154.

Circle 383 on Inquiry Card

FOR EXCELLENCE IN

ROTARY SWITGHES

SPECIFY GRAYHILL

® 15°, 30%, 36°, 45°,60° or 90°

Angle Of Throw

1 To 12 Decks

e & ¢ 0 0 0 0

Explosion Proof

2 To 24 Positions Per Pole
Ratings Up To 15 Amps.
1 To 6 Poles Per Deck

Diameters 5" To 2V, "
Shorting Or Non-shorting Contacts

Military Or Commercial Styles

Resistance

- Ultra critical

Length Diameter

Model Range \nches Inches
Fo—- g
T ——— R —
M OX-400 1 - 2500 megs 420+ .050 .130+.010
MOX-750 | 5000 megs A, b 790+ .050 .130+.010
MOX-1125 1 - 10000 megs $& 7 1.175+.060 .130+.010
MOX-1 10K - 500 megs f 1.062+.060 284+ .010
MOX-2 20K - 1000 megs { # 15,000V { § 2.062+.060 .284+.010
MOX-3 30K 1500 megs §§ i 22,500V {#1 3.062+ .060 .284+-.010
MOX-4 40K - 2000 megs &g 330,000V L 4.062+.060 .284+ 010
MOX-5 50K - 2500 megs 37,500V I 5.062+ .060 .284+.010
*Applica b],n above critical .l Maximum] operating tdmperature,
220°C. Encgpsulation: Si Confolmal. f !
i

Single Or Concentric Shafts

Solder Lug Or Printed Circuit Terminals
Switch And Potentiometer Combinations
Key Lock Option

Homing Rotor (Bridging And

Shorting) Option

Spring Return Option

Power or Signal Switching

Isolated Position (Pull-To-Turn) Option

Adjustable Stop Option
("%““
: offering complete technical
data — contact
543 Hillgrove Avenue
LaGrange, lllinois 60525
Area Code 312, Phone 354-1040

For your Grayhill
Engineering Catalog

Goughil

.the Difference Between Excellent and Adequate
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10K ohms to 10 000 Megohms Resistance

Mastermox resistors bring new accuracy to ultra-precision
applications. Advanced metal oxide glaze construction.
More watts per cubic inch means twice the performance
in equivalent space. Stable? To new limits! Use Mastermox
resistors to obtain new performance highs.

Send for Mastermox brochure. DMA 536

VICTOREEN INSTRUMENT DIVISION

10101 WOODLAND AVENUE - CLEVELAND, OHIO 44104
EUROPE: ARNDALE HOUSE. THE PRECINCT, EGHAM. SURREY. ENGLAND « TEL: EGHAM 4887

VICTOREEN
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Correlation analysis

A comprehensive description of
auto- and cross-correlation techniques
is provided in a 19-page bulletin.
Applications in characterizing linear
systems are covered, as are vibration
analysis, turbulent fluid flow, cross-
talk identification, EEG signal analysis,
and noise studies. Descriptions of
signal correlators and a Fourier anal-
yzer are contained and operational
theory is included. Graphs and sche-
matics are generously used throughout
the bulletin. Princeton Applied Re-
search Corp., Box 565, Princeton,

N.J. 08540.
Circle 384 on Inquiry Card

Thermoelectric manual

This company’s complete line of
thermoelectric products is covered in
a 104-page manual. Application notes,
technical and performance data on
thermoelectric components, assemblies,
power supplies, temperature control-
lers, instruments and accessories are all
included. The publication is available
from Cambridge Thermionic Corp.,
445 Concord Ave., Cambridge, Mass.

02138.
Circle 385 on Inquiry Card

Mini rectangular connectors

Two separate lines of mini-rectan-
gular connectors which accept crimp-
removable snap-lock contacts are
outlined in a 23-page catalog. The
two connector lines described are the
Trim Trio, which accommodates #30
solid—#14 stranded wire in turned,
formed or sub-miniature coaxial con-

BURNDY

e Rectangular

tacts, and the Ms HYFEN line with a
diameter contact of .040 in. Schemat-
ics, dimensions, and tooling require-
ments for each type of contact are
provided, along with descriptions for
hand and automatic tooling equip-
ment. Burndy Corp., Norwalk, Conn.
06852.
Circle 386 on Inquiry Card

SCR systems glossary

Definitions for avalanche diode,
closed-loop feedback, full and half
wave rectification, and zener diode are
among those’ included in this 4-page
glossary of terms applicable to scr
adjustable speed/torque drive systems.
Bodine Electric Co., 2500 W. Bradley
Pl., Chicago, Ill. 60618.

Circle 387 on Inquiry Card

CAD and test center

This is an explanation of what this
new company does, what they do it
with, and how they do it. It carefully
outlines the steps involved in com-
puter-aided design of a circuit board
and the necessary testing required to
make it acceptable to you, the cus-
tomer. It is written in terms under-
standable to those unfamiliar with the
computerman’s language. The impor-
tance of people is emphasized, and to
show you just how important their
people are, a background of each top
man, covering his work and accom-
plishments, is included. A most inform-
ative 35-page book. Telpar, 4300
Sigma Rd., Dallas, Texas 75234,

Circle 388 on Inquiry Card

WE WANT OUR NAME %
ON THE TIP
OF YOUR TONGUE!

The Electronic Engineer + April 1970

H31S3IATTOd aNve g

31038

3 COMPANY

Jed

@

e,

Circle 75 on Inquiry Card




LITERATURE

Design guide

Packaging and cable designers will
be interested in this 24-page design
guide which illustrates the use of flexi-
ble etched cables in component and
system designs. Graphic illustrations
show good high-density, low-volume
interconnection and cable designs.
Electro - Mechanisms, 29 Crown St.,
Nashua, N.H. 03060.

Circle 389 on Inquiry Card

Disconnect terminals

High reliability disconnect terminals
for a variety of applications are dis-
cussed in a 6-page bulletin. Suggested
for electronic production, cable and
harness terminations, pc boards, inter-
connections, customized back planes,
test panels, programming boards and
stranded-wire terminations to wire-
wrap pins, the terminals are available
with solder, gold, or nickel coatings.
Also included are descriptions of hand
and crimping tools to facilitate crimp-
ing of terminals to leads. Berg Elec-
tronics, Inc., New Cumberland, Pa.

17070.
Circle 390 on Inquiry Card

Data transmitter

Bulletin .07 describes a solid-state
data transmitter which has been de-
signed for use with Bell Systems’ data
phone. The unit combines direct man-
ual data entry and visual verification
of entered data, and is suggested for
applications in professional and small
business billing, ordering systems, and
inventory systems. Included in the
brochure are salient features and specs
for the device. Datron Systems Inc.,
100 Route 46, Mountain Lakes, N.J.

07046.
Circle 391 on Inquiry Card

Enclosure styling

Rack modularization and standard-
ization plus design customization are
offered to you. in a new concept in
electronic enclosure styling. Inter-
changeable horizontal and vertical ex-
trusions allow you to choose from 33
different styling treatments or ensem-
bles. This 12-page catalog will help
you to select the style features you
prefer. Amco Engineering Co., 7333
W. Ainslie St., Chicago, Ill. 60656.

Circle 392 on Inquiry Card

Heat sinks/dissipators

After a general discussion of semi-
conductor heat sinks/dissipators for
metal and plastic case transistors and
diodes, each individual device is illus-
trated and described. The text clearly
explains the purpose and capabilities
of each device, diagrams give dimen-
sions, and charts indicate performance
characteristics. This 32-page catalog is
offered by International Electronic
Research Corp., 135 W. Magnolia
Blvd., Burbank, Calif. 91502.

Circle 393 on Inquiry Card

Silicone resin

Two separate literatures describe
different aspects of silicone resins for
electrical insulation. Publication ClI
contains a summary of properties and
application of Ms silicone resins for
electrical insulation and includes
graphs, tables, and application data.
Publication C14 is a guide to various
products for application in silicone
varnish, flexible insulation, silicone
resin-bond, rigid insulation and silas-
tomer flexible insulation. Midsil Corp.,
Box 475, Emerson, N.J. 07630.

Circle 394 on Inquiry Card

. LEM]
" MO

The new LEM Shaft Encoders utilize a unique disc, brush assembly and
electronic configuration that makes it possible to encode any function in
any code with the same basic disc and rotating brush arrangement.

High reliability, low torque and inertia, self-contained logic, low noise
and long trouble-free life are a few of the features offered by the new

LEM units.

These new shaft encoders are available in all standard and any special
codes and functions at low cost. Also available is a complete line of solid
state, digital displays compatible with the new encoder line. Request

new catalog.

L0
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INSTRUMENT CORPORATION
Subsidiary of TWIN DISC, INCORPORATED

20 Sarah Drive, Farmingdale, New York 11735
Phone (516) 293-7240

VARGLAS ACRYLIC SLEEVING

FOR CLASS F APPLICATIONS

Varglas Acrylic Sleeving by Varflex will not soften,
| flow or blister — even at

155°C, for as long as

i 15,000 hours. In fact, it passes the thermal endurance

test under MIL-1-3190 (latest revision).

Made of modified acrylic resin on Fiberglas braid, it is
compatible with polyester, epoxy, phenolic or formvar
coatings and is made to exceed military, IEEE and
NEMA standards. Varglas resists acids, solvents, oils,
alkalies, fungus and moisture.

Select from a wide range of sizes and coding colors.
Immediate off-the-shelf shipment or one week for
special production.

Send for free sample of
this and 24 other sleevings.

VARFLEX CORPORATION

506 W. Court Street
Rome, New York 13440

Circle 77 on Inquiry Card



Computer handbook

Intended to acquaint the reader
with a family of small, general-pur-
pose computers, a 404-page handbook
(soft-cover) surveys two central proc-

EI

essors, covering interfacing and oper-
ating characteristics. Appendices and
conversion tables are included in the
reference. Digital Equipment Corp.,
146 Main St., Maynard, Mass. 01754.
Circle 395 on Inquiry Card

Voltage tunable magnetron

V1M modulation and power supply
requirements are the subject of a
revised 16-page bulletin. Available
types of vIMms, including key features
and applications of general and spe-
cific types, are listed. A section on
power supply requirements details
vIM power supply connections, fila-
ment, injection, and anode supply
features, and includes schematics and
performance data. General Electric
Company, Microwave Devices Litera-
ture Section, 316 E. Ninth St., Owens-
boro, Ky. 42301.

Circle 396 on Inquiry Card

Stock relays

You're sure to find the relay you’re
looking for among the 512 listed in
this 24-page stock catalog. To make
sure you've made the right selection,
complete technical data, including

STOCK
e RELAYS
a2 N w

<

functional operating characteristics
and dimensional drawings, is pro-
vided. Another convenience for you
—they’re ready for immediate deliv-
ery. Magnecraft Electric Co., 5575 N.
Lynch Ave., Chicago, Ill. 60630.
Circle 397 on Inquiry Card
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Rf connectors

All major rf connector classifica-
tions and subtypes are brought to-
gether for you in this 161-page cata-
log. To help you with proper identifi-
cation and selection of connector
types, a section on the nomenclature
of connectors and fittings is included.
A cross-reference to military and Dage
part numbers, cable data, and cable
assembly instructions are provided.
You'll find the catalog fully illustrated
with dimensions and engineering data
for each connector type within a series.
Bendix, Microwave Devices Div., Hur-
ricane Rd., Franklin, Ind. 46131.

Circle 398 on Inquiry Card

TTL/DTL logic modules

This new logic module line allows
you to design and assemble digital sys-
tems of any nature or complexity
using a broad selection of pre-engi-
neered, general purpose logical build-

:®_ IO,
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ing blocks. This 10-page selector guide
provides schematic diagrams and gen-
eral specs for each available module.
Wyle Computer Prod., Div. Wyle
Labs., 128 Maryland St., El Segundo,
Calif. 90245.

Circle 399 on Inquiry Card

Connector manual

A 28-page manual describes various
types of mil-spec connectors, used in
military systems design. Printed cir-
cuit, power, and communications con-
nectors specified by eight application
requirements are discussed, and a
brief tabular index lists the connec-
tors’ characteristics and special fea-
tures. Elco Corp., Willow Grove, Pa.

19090.
Circle 400 on Inquiry Card

Can lugging system

Bulletin 203 discusses terminal /ma-
chine systems for high-lugging of
shield cans. It describes the lugging
system, and includes schematics of
several lugs and shield-can mountings.
Berg Electronics, Inc., New Cumber-
land, Pa. 17070.

Circle 401 on Inquiry Card
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BCD-INPUTS

Now you can buy the complete read-
out and decoder/driver combination
rather than assemble your own.

The ALCO “packaged readouts” in-
clude the 7-segment incandescent de-
vices ready to plug into its own mating
decoder/driver having a BCD input
compatible with DTL and TTL circuitry.

Model DDM-702 has an ALCO
MS-4100BC seven-segment readout and
features an inverter-driver function nec-
essary to energize the decimal point in
the display device. Complete Package
Price, $19.95 (100 lot).

Model DDM-703 includes an ALCO
MS-4000BC readout having a ripple
blanking capability and intensity control
input. Both models operate on 5V and
have a lamp test provision. Complete
Package, $18.95 (100 lot).

I's more convenient to plan your de-
signs the ALCO way. We provide a cost
advantage whether application is for a
prototype or in production. We also
supply matching bezels and mounts to
support up to 8 of the above modules.

Call us now at (617) 686-3887 and ask
for one of our readout specialists.

ALCO

ELECTRONIC PRODUCTS, INC.

Lawrence, Massachusetts 01843
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Miniature d/a converters

An 8-page application note serves as
a complete guide to the use of both the
0.4 in.-High L-series and the 78 cubic
in. U-series “Minidac” modules, self-
contained digital-to-analog converters.
Given information includes compre-
hensive specs, operating principles
and the use of modular converters in
non-inverting, inverting and bipolar
modes. Analog Devices, Pastoriza Div.,
221 Fifth St.,, Cambridge, Mass.
02142.

Circle 402 on Inquiry Card

Non-standard resistors

The “Functional Guide to Non-
Standard Resistors” details the per-
formance levels available in various
types of non-standard resistors and in-
cludes charts showing the range of
available lead and packaging varia-
tions. Using these charts, you can
“build” resistors to meet your special
needs. Throughout the 16 pages, ex-
amples illustrate how a departure from
a standard design can be made to
achieve a specific function. Dale Elec-
tronics Co., Box 609, Columbus, Neb.
68601.

Circle 403 on Inquiry Card

IC logic

A comprehensive brochure
(25640A) provides information on the
Series 54/74 TTL 1c logic. The catalog
is divided into three reference sections.
The first provides you with general
design characteristics promoting reli-
able system design. The second, elec-
trical characteristics, gives specific test
limit and test condition information
for use in device evaluation of 62
iC’s, and the third on parameter meas-
urement provides complete dc and ac
measurement methods and procedures.
Sprague Electric Co., Marshall St.,
North Adams, Mass. 01247.

Circle 404 on Inquiry Card

Subminiature connectors

Connector configurations and insert
types for 9, 15, 25, 37 and 50 con-
tacts in both crimp snap-in and solder
pot type terminations are given in this
28-page catalog on D-subminiature
connectors. Also listed are combina-
tion layouts with provisions for inclu-
sion of high voltage and coaxial con-
tacts. Detailed illustrations supplement
technical information and instructions.
Cinch Mfg. Co., 1501 Morse Ave., Elk
Grove Village, I1l. 60007.

Circle 405 on Inquiry Card

Power supplies supplement

Published as a supplement to Power
Supply Handbook 269, this 16-pager
covers modular and rack-adaptable
power supplies for systems, test equip-
ment and oEM applications. Specs for
standard models, as well as descrip-
tions of power supplies capable of
supplying dc volts from 0 to 180 Vdc
and currents up to 70 A are pro-
vided. Trygon Electronics, Inc., 111
Pleasant Ave., Roosevelt, N. Y.

11575
Circle 406 on Inquiry Card

Voltage measurement

“Theory and Practical Application
of Pulse and Peak Voltage Measure-
ment” discusses the theory and tech-
niques utilized in measuring peak
values of waveforms—one-shot, repet-
itive and periodic. The 20-page paper
also provides application data perti-
nent to the use of equipment such as
peak reading memory voltmeters in
the monitoring, life-testing, and power-
aging fields. Micro Instrument Co.,
12901 Crenshaw Blvd., Hawthorne,
Calif. 90250.

Circle 407 on Inquiry Card

GOOD BUY,

CHIPS

CHIP KIT NO. 1 consists of 300 monolithic ceramic
capacitor chips for hybrid circuits. Browse, examine,
and test. There are 10 chips of each standard RETMA
values from 1.2 pf to 330 pf in =109 tolerances at

50 VDCW.

CHIP KIT NO. 2 consists of 300 sample chips, 10 chips
each of all standard RETMA values from 390 pf to .1
MFD in £109% tolerances at 50 VDCW.

. A GOOD BUY!

Delivery from stock. Call direct and ask for Jim Waldal.

KIT NO. 1 or KIT NO. 2—$49.50 ea

Monolithic
Dielectrics

P.O. Box 647, Burbank, Calif. 91503 ¢ (213) 848-4465
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®

inc.

packaging services.

the BUCKEYE stamping co.

Stocked in three popular functional sizes, standard Bord-Pak Cases—
ranging in sizes from 5%¢” W x 5%6” H x 1138” D to 1578” W X 5%¢"
H x 113" D—facilitates economical and attractive packaging of stan-
dard circuit guides and other electronic components. The recessed
satin anodized front panel (plain or punched to specification) has
polished aluminum frame, assembled with gray

pebble grain, finished side panels and gray suede-

like top, back and bottom. ,
Write today for details on cases, circuit &
guides and other money-saving Bord-Pak 1,‘3,;'
#

555 Marion Rd,, Columbus, Ohio 43207
“Quality Products Since 1902

Circle 80 on Inquiry Card



Wirewound resistors

“Stocked” military - precision, wire-
wound resistors with tolerances as ac-
curate as 0.005% are discussed in an
8-page bulletin. Specs are conveniently
condensed to table and chart form.
Prices are listed for both standard and
non-standard values. The company
claims a “price and delivery break-
through” due to volume production,
and states that you can obtain your
shipment within 3 days of receipt of
order. General Resistance, Div. of
Chronetics, 500 Nuber Ave., Mt. Ver-
non, N. Y. 10550.

Circle 408 on Inquiry Card

DC power supplies

Ultramini dc power supplies for
digital and linear 1cs are the subject of
a 16-page catalog/handbook. Included
in the literature is a selection guide
which lists the devices according to
output, regulation data, and price in-
formation. Also provided is a glossary
of terms, principles of operation, op-
erating features, and detailed specs.
Datel Corp., 943 Turnpike St., Can-
ton, Mass. 02021.

Circle 409 on Inquiry Card

The broadband generation

A 1970 version of state-of-the-art
broadband products features various
new devices and improved specs on all
items in the product lineun. The 152-
pager lists coaxial couplers, attenu-
ators and rf and microwave instru-
mentation. All products are geared to
the broadband concept. For ease of
selection. each section is preceded by
a summary. The new edition also in-
cludes a technical data section which
describes measurement techniques and
includes new nomoeraohs. Narda Mi-
crowave Corp., Plainview, N. Y.
11803.

Circle 410 on Inquiry Card

D-to-A converter with muscle

An interesting brochure explaining
an instrument that truly belongs to the
era of systems: a power digital-to-ana-
log converter. This instrument (H-P
6130B) delivers an analog output (up
to 50 V, 1A) to the load that varies
in response to digital inputs. The bro-
chure explains performance and appli-
cations. Hewlett-Packard, New Jersey
Division, 100 Locust Ave., Berkeley
Heights, N. J. 201-464-1234.

Circle 411 on Inquiry Card

Relays

In sclecting relays for a particular
application you must consider the
circuit design and the operating en-
vironment as well as the relay. This
20-page bulletin discusses relay selec-
tion, indicating how common pitfalls
can be avoided. In addition, it intro-
duces a series of relays suited to

various applications and provides
schematics and specs to help you
make the right sclection. Cornell-
Dubilier Electronics, Div, Federal

Pacific Electric Co., 118 E. Jones St.,
Fuquay-Varina, N. C. 27526.
Circle 412 on Inquiry Card

High vacuum technology

A comprehensive 368-page catalog
has been designed for the vacuum
market. Containing information for
various vacuum needs, the reference
provides an index which lists com-
patible components and systems ac-
cording to applications, Systems
charts and scientific tables are inclu-
ded as are descriptive specs. Veeco In-
struments Inc., Terminal Dr., Plain-

view, N. Y. 11803.
Circle 413 on Inquiry Card
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Never

underestimate
the power of
appearance...

MET-L-WOOD panels add beauty and backbone

to machine housings

First impressions often influence final
decisions. To compete in today’s market-
place, even sophisticated machinery cries
out for housing design that says . . . beauty
. . . purpose . . . versatility. And nothing
says it better than unique MET-L-WOOD.
MET-L-WOOD is a laminate, consisting of
a core of plywood or other lightweight
material with metal or other durable fac-
ings structurally bonded to both surfaces.
The result is a panel of great durability
and versatility that lends itself to dra-
matic design, withstands abuse and con-
tinues to look like new for years.

MET-L-WOOD panels are easy to work
with, requiring no special tools, or may

Circle 81 on Inquiry Card

be prefabricated for easy assembly. Learn
for yourself how MET-L-WOQOD fits into
your housing plans. Write for brochure
to: MET-L-WOOD CORPORATION, 6744
West 65th Street, Chicago 60638.

-

{aa)

MET-L-WooD

Corporation

STRUCTURAL LAMINATES SINCE 1925
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LITERATURE

Common terminal connectors for max-
imum terminal contact with minimal
electrical noise and serial IR loss—4
pages. Lear Siegler Inc., 714 N. Brook-
hurst St., Anaheim, Calif. 92803.
Circle 414 on Inquiry Card

Single section variable resistors with
direct and vernier drive on concentric
shafts—2 pages. CTS of Asheville
Inc., Mills Gap Rd., Skyland, N. C.
28776.

Circle 415 on Inquiry Card

Sample and hold circuit offers high

input impedance and eliminates spe-

cial power requirements—4 pages.

Data Technology Corp., 1050 E. Mea-

dow Circle, Palo Alto, Calif. 94303.
Circle 416 on Inquiry Card

Pressure transducers use ICs with
built-in heaters to maintain stability
over wide temperature span—2 pages.
Electro-Science Inc., 1502 W. 34th
St., Houston, Tex., 77018.

Circle 417 on Inquiry Card

IC relay controller for use as an
on/off control with 50 millisecond
response. Triplett Corp., Bluffton,

Ohio 45817.
Circle 418 on Inquiry Card

Logic circuit analyzer that accepts
circuits with up to 96 inputs and
144 outputs, and performs up to 4000
tests per second. General Radio, West
Concord, Mass. 01781.

Circle 419 on Inquiry Card

High power pulse modulators, avail-
able with power outputs from 1 to
50 kW, are solid state, have regulated
output power and can be remotely
programmed. Bertan Associates Inc.,
15 Newton Rd., Plainview, N.Y.
11803.
Circle 420 on Inquiry Card

Solid-state power controls for 120-

and 240-V ac or dc motors and heaters

designed with ac or pulsating and

full dc output delivered simultaneous-

ly—1 page. Ohmite Mfg. Co., 3601

Howard St., Skokie, Ill. 60076.
Circle 421 on Inquiry Card

Sense amplifiers, high speed series
7520: electrical characteristics, recov-
ery and recycle times, logic diagrams,
switching characteristics, and sche-
matics—8 pages. Silicon General Inc.,
7382 Bolsa Ave., Westminster, Calif.

92683.
Circle 422 on Inquiry Card

Op amp catalog lists complete specs

on each model. Features include high

slewing rate and high output power

levels—4 pages. Optical Electronics

Inc., Box 11140, Tucson, Ariz. 85706.
Circle 423 on Inquiry Card

“Specifying a voltage controlled fil-

ter,” a design-aid applications bulletin

prepared to help the design engineer

in selecting a vcF for a specific signal

processing job. Aritech Corp., 130

Lincoln St., Brighton, Mass. 02135.
Circle 424 on Inquiry Card

Data communications system, 520/
DC, is described in an 8-page bro-
chure containing specs and informa-
tion on software packages. Varian
Data Machines, 2722 Michelson Dr.,
Irvine, Calif. 92664.

Circle 425 on Inquiry Card

Semiconductor storage unit with mod-
ular capacity of 2, 4, or 8 million
bytes per stand-alone unit, and a data
transfer rate synchronous to CPU
speeds up to 16 million bytes/second
—6 pages. Advanced Memory Sys-
tems Inc., 1276 Hammerwood Ave.,

Sunnyvale, Calif. 94086.
Circle 426 on Inquiry Card

east 1S | west 1s

And there is no real reason to eaSt i i e

order your Tape Wound Cores
from the other coast. Magnetic
Metals has full Tape Wound
Core production facilities (not
just warehouses) on both
coasts. So, no matter where you
need them, Magnetic Metals
makes Tape Cores — and stocks
them — near to you. This means
the fastest delivery possible.

Call Magnetic Metals now for
the Tape Wound Cores and
other magnetic parts you need.

Stock quantities
maintained on:
e Tape Wound Cores
¢ Permalloy Powder Cores
» Ferrite Pot Cores
Ferrite Toroids
Electromagnetic shielding
Transformer laminations
Synchro-servo laminations

TAPE WOUNED CORE DESIGN MANLAL AND CATALDG TAPE WOUND CORS DESIGN MANUAL AND CATALDG

Moarere

Free from
Magnetic Metals

Mg,

Free from
Magnetic Metals

And there is no real reason
toorder your Tape Wound Cores
from the other coast. Magnetic
Metals has full Tape Wound
Core production facilities (not
just warehouses) on both
coasts. So, no matter where you
need them, Magnetic Metals
makes Tape Cores — and stocks
them — near to you. This means
the fastest delivery possible.

Call Magnetic Metals now for
the Tape Wound Cores and
other magnetic parts you need.

Stock quantities

maintained on:
Tape Wound Cores e
Permalloy Powder Cores
Ferrite Pot Cores
Ferrite Toroids
Electromagnetic shielding e
Transformer laminations e
Synchro-servo laminations e

MAGNETIC METALS COMPANY

HAYES AVENUE AT 21ST STREET
CAMDEN, NEW JERSEY 08101 « (609) 964-7842
Camden, N.J., Chicago, Ill., Newport Beach, Calif.

140 Circle 82 on Inquiry Card

MAGNETIC METALS COMPANY

NEWPORT BEACH, CALIF. 92663
(714) 545-9413
Newport Beach, Calif., Chicago, Ill., Camden, N.J.
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Plug-in PC card modules for reading
and retaining the peak value of one-
shot or repetitive pulse voltage wave-
forms—6 pages. Micro Instrument
Co., 12901 Crenshaw Blvd., Haw-
thorne, Calif. 90250.

Circle 427 on Inquiry Card

Connector chart contains a selection

of pc edge connectors, interconnec-

tors, combination connectors, and high

density connections. Mepco Inc., Col-

umbia Rd., Morristown, N.J. 07960.
Circle 428 on Inquiry Card

A power hybrid circuit that can drive
a 7-segment readout tube directly is
described in this 4-page brochure.
Fabri-Tek Micro-Systems Inc., 1410
W. 3rd St., Pompano Beach, Fla.
38060.

Circle 429 on Inquiry Card

Semiconductor mounting Kits use mili-
tary spec approved hardware chosen
by the customer to enable uniformity
guarantee—4 pages. Thermalloy Co.,
8717 Diplomacy Row, Dallas, Tex.

75247.
Circle 430 on Inquiry Card

Digital multimeters—series 5200 and
5400. An 8-page data sheet gives
complete specs, instrument options
and accessories. Dana Laboratories
Inc., 2401 Campus Dr., Irvine, Calif.

92664.
Circle 431 on Inquiry Card

Waveform generators, compatible with
system interfaces using standard TTL
and pTL positive logic—4 pages. Mi-
crodot Inc., 220 Pasadena Ave., South
Pasadena, Calif. 91030.

Circle 432 on Inquiry Card

Solid-state time delay for proximity

switching control, 0.05- to 1-second

and 0.05- to 10-second ranges—2

pages. Electro Products Labs Inc.,

6125 Howard St. Chicago, Ill. 60643.
Circle 433 on Inquiry Card

Digital converter for interfacing digi-

tal systems with synchro resolver and

dc analog systems—design manual

1069. Transmagnetics Inc., 134-25

Northern Blvd., Flushing, N.Y. 11354.
Circle 434 on Inquiry Card

Multiplexer input limiter and input
connector card (20 wire) allows sep-
aration of low-level analog signal
wiring from digital logic wiring—4
pages. Data Technology Corp., 1050
E. Meadow Circle, Palo Alto, Calif.
94303.
Circle 435 on Inquiry Card
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ENGINEERING DATA

New Short Form Catalog
from Newport Labs

Free: Newport Laboratories short-form catalog de-
scribing its complete line of products: digital panel
meters, DC data amplifiers, galvo drivers, dual DC
power supplies, DC differential amplifiers, photomul-
tiplier amplifiers and voltage-to-frequency converters.
An important guide for anyone buying or specifying
Newport’s catalog
presents pertinent data such as performance specifica-
tions, mounting options and applications. It is an in-
valuable reference for the most comprehensive line
of high-quality DPM’s, amplifiers and other instru-

test instrumentation equipment,

ments available.

Advertisements of catalogs, data
sheets, booklets and brochures

PRODUCT DATA FROM NEWPORT

DIGITAL PANEL METERS
DC DATA AMPLIFIERS

NEWPORT LABORATORIES, INC.
630 East Young Street, Santa Ana, California 92705 (714) 540-4914.

Circle 140 on Inquiry Card

ANNOUNCING . . .

A Course in

And an important opportunity for all de-
sign, equipment and systems engineers to
stay ahead of the evolution in integrated
circuits.

There is now available a practical and
authoritative course in Integrated Circuits.
This 10 part course appeared originally in
The Electronic Engineer and is now being
reprinted by popular demand. The course
is designed for engineers who are buying
or using, or who plan to use the whole
range of integrated circuits—Silicon mono-
lithic, thin-film, MOS, and hybrids. The
course describes the function and use of
integrated circuits in clear and complete
form.

INTEGRATED CIRCUITS

You achieve new skills—This course gives
the required background to properly com-
municate with device designers. The course
will also sharpen your capability to make
the right decisions about the selection and
use of 1Cs. In addition, the course traces
the history of integrated circuits so you
can evaluate new developments and antic-
ipate those now on the drawing board.
The course also includes a study of man-
ufacturing details to keep you abreast of
the complexities in this area.

The complete 10 part course costs $4.00.
Send your order to The Electronic Engi-
neer, Chestnut and 56th Streets, Philadel-
phia, Pennsylvania 19139.

NOW AVAILABLE . . .

A Course in

A special course on Telemetry is now being
offered to all electronic engineers. It ap-
peared originally in The Electronic Engi-
neer. The course analyzes the fundamentals
of telemetry and describes the function of
telemetry equipment. The course consists
of several parts, each one patterned after
one specific portion of a telemetry system.
Today, more than ever before, there is a
critical need for more reliable, smaller,
licghter data gathering hardware. This
course provides a sound insight into the
modern methods of data acquisition, proc-
essing and display and how they are or-
ganized. Some of the areas covered arc:

—Sensors, Transducers and
Signal Conditioning

TELEMETRY

—Multiplexers and Encoders
—Analog to Digital conversion
—Demultiplexing and Decoding
—Processing and Display

This course is especially useful to digital
designers, design engineers, engineering
managers, telemetry engineers, instrument
designers and computer designers.

The complete 5 part course is available for
just $4.00 and this includes a test. All
those successful in passing the examination
will recieve a formal Certificate of Com-
pletion that is suitable for framing.

To get this course, send your order to The
Electronic Engineer, Chestnut and 56th
Streets, Philadelphia, Pennsylvania 19139.
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‘LOOKING
FOR
THOSE
HARD-TO-GET
SPECIAL AND
DISCONTINUED

READ THESE BOOKS

Computers for Engineers

Rv Bartow Hodae. Published 1969 by McGraw-
Hill Book Co., 330 W. 42 St., New York, N. Y.
10036, Price $11.00. 212 poges.

This book breaks naturally into two
sections. The first four chapters de-
scribes how computers work. I'he au-
thor succeeds in his mission of provid-

For those engineers and managers
who have not had exposure to com-
puters in their education or work ex-
perience, but find a need arising, this
book will quickly make them more
comfortable. If you are the dedicated
type of reader who can learn FOR-
TRAN from a book, it will be doubly
valuable.

ing an elementary introduction to com-

puters for engineers and managers. Progress in Direct Digital Control

TRANSISTORS ...
INCLUDING

PHILCO TYPES?

YOU JUST FOUND THEM!

The explanations of what a computer EAdH%d by Drb T;ocmw Jb WIW:} ns ar dS Fror}rk
: . Ryan. Published 1969 by Instrument Society
does, what its elements are, and how ) i i e R R e T

William Penn’ Ploce Pittsburgh, Pa. 15219. Price

they are organized into a powerful en-
$17.00. 300 pages.

gineering tool, are easily understood.
Numerous pertinent illustrations aid a
clearly written text. You get the feel-
ing that the author of this Rosetta
Stone for deciphering computerese is
on your side.

In the last four chapters, FORTRAN
and PL/1 computer languages are pre-
sented along with engineering exam-
ples which add some structure and
meaning. Definitions pile up rapidly,
and soon you are in one of those Absolute M )
situations where the use of words you Elescct)rlijcﬁy aenadsul\r/leargﬁgiscig:n
just learned seems to exceed those you By: Andoew Sroy. Republivhed 1967 by " Dover
knew before. FORTRAN is a complex Publications, Inc., 180 Varick St., New York,
enough language that the accompani- il e sk $4.00 for paperback. 837 pages
ment of an interactive feedback mech-
anism, such as an instructor or ter- The Technology of Computer Music
minal, is much more efficient than By M. V. Mathew. Published 1969 by the MIT

. Press, 50 Ames Street, Cambridge, Mass. 02142,
reading alone. Price $12. 188 pages.

Electronic Test & Measurement
Handbook

By John J. Schultz. Published 1969 by Tab Books,
Blue Ridge Summit, Pa. 17214, Price $7.95 for
hardbound; $4.94 for paperback. 224 pages.

Integrated Circuits

A Basic Course for Engineers and
Technicians

By Robert G. Hibberd. Published 1969 by

McGraw-Hill Book Company, 330 West 42 St.,
New York, N. Y. 10036. Price $9.95. 171 pages.

All 100% tested . . . guaranteed
& at the Industry’s lowest prices.
Write for new catalog and compare

LANSDALE
Transistor & Electronics, Inc.

COLMAR, PENNA. 18915 - 215-855-9002
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KEEP PACE WITH SPACE AGE! SEE MOON SHOTS—LANDINGS, SPACE FLIGHTS, CLOSE-UP! .°

Choose from 20 standard gear trains
with the new line of 1000 series
instrument motors by indiana General.

» STUDY or PROF

NEW $99.50 HELIUM-NEON LASER!
Completely assembled, instant-starting
w/three tim power output of compara-
Lle models. Steady, ripple-free light of
moderate (safe) power. Excellent col-
limation. Particularly u:zeful for studies,
experiments in holography, interferome-

SPECIAL VISUAL
EFFECTS PROJECTOR SET

E ite-garde visual effects
ety. Incredibly beautiful.
ge offer contains all nec-
:ssary apparatus. Create floating, explod-
fiery Irul\( of color like '‘Symphony

of Spheres Chromatic = Starbursts’. try, diffraction, optical alignment. Sim-

Crystal Starburst’. tures  35mm ple and safe to use—just plug in

500  W. an cooled pr tor—produces 5 1 > o %

big image at short distance. Accepts \\\mh on. H]Ll‘ 115 1b. umtv n‘ul.u\

two 9” diam. wheels (Dry aleide- 75% power in 2 secs.; full power, typ- 3

scope & Hevxidoscope), 2 eylindrical ac ically 0.5 milliwatt (0.3 mW minimum) ~

cessories (6" Colored Cloud & 5” Hex- in 3 mins. Beam divergence only 2 ° R h

idoscope w/six internal mirrored walls). milliradians (far ahead of competition); eIUCtance Sync ronous
Instructions beam only 2 c¢ms at 40 feet.

Stock No. 71,212EE . . $79.50 Ppd. Stock No. 79,004EE ...... $99.50 Ppd.

¢ Induction
e Servo control

* Hysteresis synchronous
New Indiana General 1000 series motors have per-
manent lubrication, epoxy insulated stators, offer
a wide choice of standard and special gear trains.
Write for 8-page booklet describing specifications
with suggested applications and special options.
Indiana General, Electro-Mechanical Products,

GIANT REE CATALOG

17 capacity. l’vulxmn dial for inside, Cumnletely new 1970 edition. 148 pages—
outside, depth measurements. Read di- 000’s of Bargains. New items, eatego-l
rectly from dial graduated and guaran- "es illustrations. Dozens of electrica
and e!ectromagnetic parts, accessories.

PRECISION READING
DIAL CAILPERS

(null to .001”. Beam scale graduated in Enormous selection of /Astronomical Tele: O I b ”l . 61348
inc a 10ths of inch. Measuring

surfa ground and lapped for accu- scopes. Microscopes, Binocu'ars, Magni- g es Yv INOIS *
racy. inless steel, chrome fiinsh. 7” fiers. Magnets, Lenses, Prisms, Many

long x wide. Leather case incl. war surplus items: for hobbyists, ex-

Stock No. 60,452EE (in's.) $19.25 Ppd. perimenters, workshop, factory. Write
Stock No. 60,509EE (met.) $21.00 Ppd. for catalog “EE"

ORDER BY STOCK NUMBER * OPEN ACCOUNT TO RATED FIRMS * MONEY-BACK GUARANTEE

Indiana general (<=

a division of Electronic Memories & Magnetics Corporation

EDMUND SCIENTIFIC CO. 5.558ncron, new sexses osonr
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Listed below are all products and new literature that appear in this issue, along with the page number they
appear on and their Reader Service Numbers (RSN). For more information, see the appropriate page and circle
the corresponding number on the reader service card.

Components Page
adapters, precision 120
capacitor, chip 120
capacitor chips 138
capacitor electrolyte 117
capacitors 11
capacitors, metalized/PETP
polyester-film
ca?acitors, paper/PETP polyester
connectors h 30,3}
s, miniature, subminiature 35
cores, tape wound 140
fuses, rectifier 101
inductor, radial lead 128
inductors, toroidal 124
linear ferrites 13
metal parts 123
motor, dc servo 130
motors, instrument 142
potentiometers, trimming 104
reed switch 124
relay, 5 amp miniature 24
relay, HV latching 126
relay, latching 122
relays, dry reed 36
relays, latching 122
relays, magnetic 52
relays, solid state 103
resistor, power 124
resistors 134
resistors, glaze 120
shielded cable 80, 81
switches, pushbutton 1
switches, rotary 134
switches, thumbwheel 129
switch, PC boards 86
switch, rotary 126
switch, rotary 129
transducer, low pressure 128
transformer, isolation 122

IC’'s and Semiconductors Page

AM/IF amplifier 109
amplifier, variable gain 108
attenuators, stripline 126
decoder/driver 107
digital and linear monolithic
circuits .
digital decoder/driver 106
diode, voltage variable 120
GaAs emitters 120
generators, trig function 17, 18
Hex buffers, COS/MOS back cover
lators, ophcally pled

LSI circuit ins. back cover
mask making 51
MOS circuits 107
MOS devices, ion-implanted 70
MSI circuits 225183
MS| decoder/drivers 26, 27
MTOS counter display drivers 48, 49
op amp, high spe 09-111
op amp, instrumentation 109-111

op amp, micropower 109-111
op amp, monolithic J-FET input 109-111
photodiode 122

read only memory 106
SCRs, industrial 124
SCR’s & triacs 93
solid state source 122
SS source, gunn effect ) §
10 bit D/A converter 109-111
transistors, silicon npn 1
transistors, special and

discontinued 142
unijunction transistor,

programmable 21
up/down counters 106
wafer fabrication 50
transistors, matched pair 107
Instrumentation Page
analyzer, random signal 112
analyzer, wave 7 spectrum 82
converter, digital to voice 116
counter 99
counter, general purpose 113
DVM 33
generator, random noise 116
144

Page
graphic recorder 100
impedance meters 39
meter, capacitance 116
meter, panel 120
meter, time interval 116
modulation meter,
programmable 112
module & array tester 116
oscilloscope, storage 121
panel meter, digital 94
scanner, guarded reed relay 29
signal generators 8
sweepters, low-freq, 98
test chambers,
environmental 114, 115
timer/counter/DVM 112
voltmeter digital 116

Materials and Packaging Page

cooling fans 129
cable, flat jumper 126
cases 138
cermet materials 128
conductive epoxy 120
harness-ties 127
heat sink 132
mounting system ins. front cover
panels 139
polyester film 130
polyester film 135
printed circuits 2
sleeving, acrylic 136
tape, teflon cast 132
packaging panel 52
packaging system 37
polyester film 45

Modules, Networks &

Subassemblies Page
active filters 108
bridge, single-phase 25
chopper, silicon 122
dc sources 120
filter, crystal 122
filter, crystal 128
hybrid circuits 38
isolator, signal 130
ladder switch 107
power supplies 53, 60
op amp & current booster 119
op amp, HV FET input 128
parametric amplifiers 126
phototransistor arrays 126
power supplies 124
power supplies 125
power supply 116
power supply, HV 124
quartz filters 126
readouts, packaged 137
regulator 120
resistor module 126
S-band amplifier 124
switch, high speed analog 108
traveling wave amplifier 97
video amps, high gain 106
New Literature Page
ampilfiers, sense 140
analysis, correlation 135
application note 134
application report 133
broadband products 139
CAD and test center 135
catalog, chemicals 133
catalog, industrial 131
catalog, millimeter wave 131
catalog, op amp 140
chart, connector 141
circuit, logic 140
circuit, power hybrid 141
circuit, sample and hold 140
catalog, scientific 142
catalog, product 141
components, standard 132
computer data reduction 134
conditioning, signal 132

connectors, common terminal
connectors, mini-rectangular
connectors,
connectors, subminiature
controller, IC relay

controls, solid state power
converter, D/A

converter, digital

converters, miniature D/A

data services

design, hybrid (wall chart)

FETs and ICs

filter, voltage controlled
generators, waveform

glossary, computer

glossary, SCR systems

guide, design

guide, product selector

handbook, computer

handbook, computer

handbook, D/A converters
handbook, instrumentation
handbook, logic

handbook, MSI complex arrays
handbook 54H/74H ngh Speed

-
-

heat smks/dlssmators
hybrids
ICs
ICs, testing digital
limiter, multiplexer input
logic, IC
magnetron, voltage tunable
manual, connector
manual, thermoelectric
modulators, high power pulse
modules, plug-in PC card
modules, TTL/DTL logic
mounting kits, semiconductor
multimeters, digital
power supplies
power supplies, dc
power systems supplement
power systems supplement
relays
relays, stock
resin, silicon
resistors, non-standard
resistors, single section variable
resistors, wirewound
seminar proceedings
storage unit, semiconductor
styling, enclosure
system, can lugging

, data ications
hr‘- | gy, h| h
terminals, disconnect
time delay, solid state
transducers, pressure
transformers, DC to DC
transistors, low cost
transmitter, data
voltage measurement

Prcduction & Mfg.

bonder, IC chip
contact cleaner

core handler

de-solder tip

sockets, DIP test

IC processing
injection mold machine
lead straightener

lead trimmer

wafer prober

Systems Equipment

A/D conversion
calculators X
computer, diagnostic
coupler, acoustic
digital clock

digital system
interface system
memory stack, plug-in
mini-computer
multiplexer

shaft encoders
sputtering system

tape heads

tape reader, perforated
telemetry multi-coupler
TWT, high power
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EVEN
SQUINTING
WON'T
HELF.

No use, fellas. You need a
microscope to see the world’s most
densely packed LSI circuit.

That's what Electronic Arrays has
done this time.

4692 transistors (4096 bits of
memory) on a single 88 x 94 mil chip.

Since that kind of density is
not available elsewhere, may we
take this hallowed moment to
proudly proclaim our EA 3300 (a 512
word, 8 bit/word ROM) the
champion of the LSI world.

We didn’t, however, design the
EA 3300 this way just to show off.

EA 3300 has the most functional
complexity of any product available
today in a 24 pin package. g

That reduces cost. ;

A smaller die further reduces
costs by giving you higher
yields and greater product
performance and reliability.

Our entire line of Registers,
ROM'’s, Read/Write RAM'’s and Logic
circuits is made in production
qguantities with the same
close-tolerance MOS technology as
the EA 3300.

And all products are available
immediately from 24 distributors
nationwide, and 6 international
distributors.

To see is to believe. Do both
by addressing your purchase orders
to your nearest EA distributor
or to Electronic Arrays, Inc., 501 Ellis
Street, Mountain View, California
94040, (415) 964-4321.

glectronic
arrays, Inc.
Proven MOS products delivered in volume.

Forms for your specialized bit patterns
are available from any of our
representative offices or directly from
the factory. The EA 3307, which

is an EA 3300 already programmed to
be an EBCDIC to ASCI| and

ASCI| to EBCDIC code converter, is
available from distributor and factory
stock. Features include two

output inhibit controls that give 1024
4/bit words; nine input addresses;

all decoding on the chip; power
requirements less than 100 milliwatts;
synchronous 2-phase clock, 24 pin
hermetic dual-in-line package.

Circle 2 on Inquiry Card



Use

COS/MOS more ways
In more places
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CD4009D as a COS/MOS to COS/MOS Inverter

RCA-CD4009D and CD4010D COS/MOS Hex Buffers
bring more flexibility to your logic circuits

Now you have many more opportunities to take advan-
tage of the known capabilities of COS/MOS—RCA’s
COmplementary Symmetry MOS digital integrated cir-
cuits. Use the new CD4009D (inverting) and CD4010D
(non-inverting) hex buffers for:
e greater driving capability,and wider current
flexibility in COS/MOS systems
e greater latitude for interfacing COS/MOS with
DTL and/or TTL devices.

A most important feature of these new hex buffers in
such applications is their low “1”” and “0"” output
impedances which result in excellent dynamic noise
margins.

For more information on the COS/MOS Hex Buffers and
the rest of RCA’s growing line of COS/MOS Integrated
Circuits, get in touch with your local RCA Representa-
tive or your RCA Distributor. For specific technical

information, write RCA Electronic Components, Com- “ " Integ!ated
mercial Engineering, Section D50, Harrison N.J. 07029. Circuits
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