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Plug Adapters —m

KEPCO

6-in-a-RACK

FAMILY OF PLUG-IN
POWER SUPPLIES

The unique one-sixth rack size for regulated voltage and cur-
rent sources, and power amplifiers, provides exceptional
packaging density and enormous flexibility in intermixing the
eighteen available models. Models plug into housings that
accommodate one, two, three or six units.

RA 22-6
The main-frame
takes any six
modules or
combinations.

.
.
.

;
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This is the rear of the 6-unit, rack mountable housing, RA 22—6,

showing the iocation of the plug adapters, PC—2, which interface

each model’s male PC connector to an easy-to-use barrier strip.

There is space for a bolt-on overvoltage protector (shown mount-

s ed on the left-hand slot). If you look carefully, you can see the

" coding pins which you can use to uniguely encode each slot so
that no one can get the supplies mixed-up.

FILLER PANELS
To fill up slots
temporarily left empty.

S e
g
CA-3
Use this CA-4 = .
BPA—-22 & single unit This dual % =~
This is a blank housing to convert housing will permit you to A 3-unit housing provides you

with considerable flexibility in
your choice of voltage or cur-
rent regulators or, perhaps, a
three amplifier manifold.

slide assembly which you
can use to mount your own cir-
cuits—or the lower-cost, unmeter-
ed Kepco power modules.

any of the plug-in
supplies and ampli-
fiers to a self-con-
tained bench model.

custom-make your own dual
supplies. No tools or soldering;
just plug in the supplies and
plug-in the line cord!

ccC

CURRENT CONTROLLERS

Kepco's CC Series programmable cur-
rent regulators feature a capacitorless
output circuit that responds to load
changes at speeds up to 2 usec/V. A
10-turn current control with dual range
sensing, operate a low-noise integrated
control amplifier to provide exceptional
stability and resolution. Regulation is
0.0005% for line, 0.005% for load.

OPS-BTA

OPERATIONAL POWER

The OPS modules, with the suffix BTA
are equipped with an operational patch
panel for summing and feedback com-
ponents. Gain is in excess of
0.5 x 10° V/V with an offset voltage co-
efficient <20uV/°C. The fast-slewing
unipolar amplifier is perfect for digital
control or any rapid-fire programmed
testing.

PCX-MAT

VOLTAGE REGULATORS

The PCX module, with the suffix MAT,
sports a metered front panel with a
10-turn, high resolution ve'ltage control.
The low-noise integrated control ampli-
fier regulates the output to better than
0.0005% for line, 0.005% for load. A
multiterminal rear barrier-strip, inter-
faced with the printed circuit plug, pro-
vides access for remote control facilities.

MODEL AMPS VOLTS MODEL VOLTS AMPS MODEL VOLTS AMPS
CC7-2M 0-2 0-7 OPS 7—2BTA 07 0-2 PCX 7—2MAT D7 0-2
CC 15—1.5M 0-15 | 0-15 OPS 15— 1.5BTA 0-15 0-15 PCX 15-1.6MAT | 0-15 0-15
CC21-1M 0-1 0-21 OPS 21— 1BTA 0-21 0-1 PCX 21— 1IMAT 0-21 0-1
CC 40-0.5M 005 | 0-40 OPS 40—0.5BTA 0-40 0-0.5 PCX 40-0.6MAT | 0-40 0-0.5
CC 72-0.3M 003 0= OPS 72—0.3BTA 0-72 0-0.3 PCX 72—-0.3MAT | 0-72 0-0.3
CC 100—-0.2M 0-02 | 0-100 OPS 100-0.2BTA | 0-100 | 0-02 PCX 100-0.2MAT | 0-100 | 0-0.2

PRICE: $195.00

PRICE: $179.00

PRICE: $168.00

For complete specifications and application notes — Write Dept. DH—19

KEPCO.

KEPCO, INC. « 131-38 SANFORD AVENUE « FLUSHING, N.Y. 11352 o (212) 461-7000 « TWX #710-582-2631 « Cable: KEPCOPOWER NEWYORK
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...like more capacitance in alvminum ’lytics?

Get SPRAGUE Type 36D
“  POWERLYTIC
¢ CAPACITORS

r ® Large cylindrical electrolytic capacitors for use in digital computer

power supplies, industrial control equipment, energy storage
applications, etc ® Low impedance construction ® Largest

case (3" dia. x 8 %" high) provides 650,000 uF at 3 volis!

e Can be operated at +85 C @ Tapped No. 10-32 terminals simplify
filter bank assembly @ Available with or without outer plastic
INFORMATION RETRIEVAL NO. 4 insulating sleeves © Request Engineering Bulletin 3431C

4SC9153R1

... stymied by costs of stacked-mica capacitors?

Try SPRAGUE DIPPED
SINGLE-FILM
MICA CAPACITORS

® Mass produced silvered-mica capacitors for entertainment and
commercial equipment ® Combine excellent stability and retrace

characteristics with economy e Ideal alternative to more expensive
stacked-mica and ceramic disc capacitors e Exclusive manufacturing
process prevents dielectric delamination as a result of temperature cycling
@ Designed for operation at 500 volts d-c e Capacitance values from
INFORMATION RETRIEVAL NO. 5 10 pF through 470 pF e Request Engineering Bulletin 1010A

4SC-9151R1

For Engineering Bulletins as noted above, write to:

Technical Literature Service, Sprague Electric Co., 233 : ®
Marshall Street, North Adams, Massachusetts 01247, s p n n G U E
e e |

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

THE MARK OF RELIABILITY

“Sprague’ and @ are registered trademarks of the Sprague Electric Co.
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FOR
MULTILAYER CIRCUITS

ALL ROADS
LEAD TO
CINCH-
GRAPHIK

For multilayer or precision double sided boards
with plated-thru holes,—in volume—the place to go
is Cinch-Graphik—the world's largest independent
producer of precision circuits.

For information on the capabilities and
automated facilities of Cinch-Graphik, contact
your local Cinch Electronics Group District office or
Cinch-Graphik, 200 South Turnbull Canyon Road,
City of Industry, California, 91744.

Phone (213) 333-1201.

' CINCH-GRAPHIK '

A DIVISION OF TRW INC

CINCH

ELECTRONICS

GROUP|

DIVISIONS OF TRW INC.; CINCH MANUFACTURING, CINCH-GRAPHIK, CINCH-MONADNOCK AND CINCH-NULINE €6-2006
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Back in 1962, Drs. Federic P. Heiman
and Steven R. Hofstein, then working
for the RCA Electronic Research Lab,
made the first integrated circuit that
employed metal-oxide semiconduc-
tors (MOS). The historical note on
MOS ICs serves as an introduction to
the course on that subject, which
starts in this issue and will continue
for several consecutive issues.
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“Sandwich” has remote control possibilities

Piezoelectric and ferroelectric properties are combined in one material to give
device its capabilities.

Getting rich
Getting rich or bust! Four experts who've had the course tell you about form-

ing your own company—what to do’ what to avoid’ and what you should be.
By John McNichol

MOS Integrated circuits . . . a six part course
This issue includes the first installment of a six-part course on integrated

circuits made with metal-oxide semiconductors (MOS). From the manufacture
of MOS ICs to the testing of complex arrays, this series is for you, the user.

The first MOS

A historical look at MOS—where its been and who developed it.
By Alberto Socolovsky

Part 1—Background on MOS

Metal-oxide-semiconductor? That’s what it used to mean. This part cf our
course describes the different structures we call MOS. By E. Marshall Wilder

Circuit design: The op amp way

Circuits built around op amps are becoming more and more common. Now
you can see how someone else attacks the job of creating some of these

circuits. By C. J. Huber
IC Ideas
® Single-pulse generator steps digital systems ...... By Jeffrey Lowenson
@ Switching-mode heater control .............. By Dennis R. Morgan
® Variable-modulus counter . ................... By Ron Kostenbauer
® Digital gain control foropamps .............. By William E. Peterson

Mil-Std-220A for filters needs updating

Manufacturers and users agree that meeting the 220A’s requirements for
power line filters does not insure proper EMI protection. By John E. Hickey, Jr.

Motorola antes up the chips

Beam lead laminate chip offers low cost with high performance.

12

30

55

56

58

67

77

84

89




ANNOUNGING...
A Gourse in

INTEGRATED
CIRGUITS

And an important opportunity for all design,
equipment and systems engineers to stay ahead
of the evolution in integrated circuits.

There is now available a practical and authorita-
tive 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
monolithic, thin-film, MOS, and hybrids. The
course describes the function and use of inte-
grated circuits in clear and complete form.

You achieve new skills—This course gives you
the required background to properly communi-
cate with device designers. The course will also
sharpen your capability to make the right deci-
sions about the selection and use of ICs. In addi-
tion, the course traces the history of integrated
circuits so you can evaluate new developments
and anticipate those now on the drawing board.
The course also includes a study of manufactur-
ing details to keep you abreast of the complexi-
ties in this area.

The complete 10 part course costs $4.00 To get
yours, just fill out the coupon below and send
it today. Send your order to The Electronic
Engineer, Chestnut and 56th Streets, Philadel-
phia, Pennsylvania 19139.

Yes, | accept your offer. Send me complete
course(s) in Integrated Circuits at a cost of $4.00
each. My check, cash or money order is en-
clcsed. Send as soon as possible to:

Name -
Address Company
Gity -~ .~ . . State Zip

Send me special quantity prices []
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EIMAC’s new family

of outstanding
power tetrodes
offers 13
Impressive
features:-

High linearity. 3d order products —40 dB or better.
Low input capacitance. Typically, 45 pF.

(1)

(2)

(8) Over 600 watts measured output at 865 MHz.

(4) Very high gain-bandwidth product. Over 125 MHz
(5) Low grid interception in linear amplifier service.
(6)

Low drive. Typically 40 volts for class AB-1
service. Easily driven at 150 MHz with 5 watt
solid state device.

(7) Plate dissipation up to 800 watts. Both air and
liquid cooling available.

Coaxial base adapter available.

©

)

) Shock-resistant design for rugged service.
10) 20 kW pulse output at 430 MHz.
1)
12)

-

Very low cathode lead inductance.

5-pin base adapted for heat-sink cooling.

(
(
(
(13) High grid and screen dissipation ratings.

The unique 4CX600 family is an exciting result of
EIMAC's CAD (computer-aided-design) program for
ceramic/metal tetrodes. Closely controlled parameters
permit intermodulation distortion limits to be included
as a defining tube characteristic, establishing new
criteria of performance.

EIMAC’s advanced segmented cathode and elec-
tron focussing combine with an unusually high figure
of merit in this family, providing you with tubes useful

in widely diversified services: linear amplification, high
reliability aircraft-to-ground communication, wideband

The Electronic Engineer ¢ Feb. 1970

4CW8008B
4CW800F

4CX600B
4CX600F

4CX600J

distributed amplifier 8809

service in airborne ECM
gear, and r-f pulse application.

Another example of EIMAC's ability to provide to-
morrow's tube today! Here are the numbers to prove it:

MAX. RATINGS TYPICAL
TUBE | EIL, | BREER o o leonting POWER | USEFUL
TYPE VOLTS | mH; Plate Plate OUTPUT FOR:
(MH2) Volts | Amperes | (150 MHz)
4CX6008B | 6.0 5.PIN WIDEBAND
890 SPEC Air 3000 0.6 750 W AMPLIFIER
4CX600F 26.5 i SERVICE
4CW8008B 6.0 5.PIN WIDEBAND
890 SPEC Liquid 3000 0.6 750W AMPLIFIER
4CWB800F | 26.5 . SERVICE
4CX600J CLASS AB-1
—— | 60| 150 [STRL] air | 3000 | o5 750W | LINEAR
8809 . SERVICE

More? Our Application Engineering Department’s
ability to design tube into circuit means less engineer-
ing time for you. For all-around capability, talk to
EIMAC. For circuit and application information on
these new power tetrodes, write to EIMAC for our new,
free application bulletin 14, Using the 4CX600 Family
Tetrodes. Or contact your nearest Varian/Eimac Elec-
tron Tube and Device Group Office. They are located in:
Santa Monica, Calif.
Scottsdale, Ariz.
Springfield, N. J.

Syracuse, N. Y.
Waltham, Mass

Albuquerque, N. M.
Alexandria, Va.
Atlanta, Ga.

Cherry Hill, N. J.
Clearwater, Fla.

Dayton, Ohio

Los Altos, Calif.
Melville, L. I., N. Y.
Park Ridge, .
Richardson, Texas

International Sales Offices are located in:

Australia [taly

Benelux Japan ®

Brazil Scandinavia

Canada Switzerland A

France United Kingdom and division

Germany Ireland varian
Circle 11 on Inquiry Card 5




MC7490

You're in the (NIXIE') drivers seat

MC7475
MC7480
MC7490
MC17482
MC27482

MC7493

CHECK THESE 54/74 MSI CIRCUITS...

Available Now
MC7441A BCD-To-Decimal

Decoder Driver
Quad Latch
Gated Full Adder
Decade Counter
2-Bit Full Adder

2-Bit Full Adder
w/Exclusive OR Outputs

4-Bit Binary Counter

Coming Soon
MC7442 BCD-To-Decimal Decoder
MC7443 Excess-3-To-Decimal Decoder

MC7444 Excess-3-Gray Code-To-
Decimal Decoder

MC7446 Seven Segment Decoder
MC7447 Seven Segment Decoder
MC7448 Seven Segment Decoder
MC7449F Seven Segment Decoder
MC7483 4-Bit Full Adder

MC7491A 8-Bit Shift Register

MC7492 Divide-By-Twelve Counter
MC7495 4-Bit Universal Shift Register

~ whene the priceloss ingnedient & cane!



MC17475

with these MTT

Now you can develop completely integrated read-
out systems with the intrinsic advantages of
reduced circuitry, lower costs, and increased reli-
ability. Design flexibility is yours when you
consider the numerous configurations possible.
For example, take one BCD-TO-DECIMAL
DECODER AND HIGH-LEVEL DRIVER
(MC7441A) and include a DECADE
COUNTER (MC7490) to provide a basic
counter-readout operation. Pin compatibility
allows the two devices to be mounted side by side
and no external logic or additional components
are required. Additional decades may be added
and the display can be provided with a sequential
pulse train into the first decade for use as a multi-
digit counter or timer, or many other applications.

Or add a QUAD LATCH (MC7475) and the
MC7490 can follow the input sequence and, at
specified intervals, the count is strobed through
the latch and presented to the MC7441A. In this

MOTOROLA
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MCT7441A

complex functions

way the display tubes are not continuously cycling and
are easier to read at specific times. Provide a zero sup-
pression circuit and all unused tubes will remain blank
making it easier to read actual numbers.

And, by designing in four MC4004 16-BIT SCRATCH
PAD MEMORIES you can expand the counter-readout
concept to an economical multiplexing operation. In this
case one driver is utilized to display a given number on
the readout tubes thereby eliminating the sequential
counting sequence.

These are only a few of many potential uses for the
MC7490, MC7475 and MC7441A. Each device is a ver-
satile design tool and can be used in varied applications
to develop new systems or extend present ones.

Detailed specifications on these MTTL complex functions
and a newly available application note “Direct Digital
Display Using MTTL Complex Functions” are yours for
the asking. Simply write to us at P. O. Box 20912, Phoenix,
Arizona 85036 and ask for MOTOROLA TTL DESIGN
KIT #1. Let Motorola’s growing TTL capability work

for you. MTTL Trademark of Motorola Inc.

NIXIE Trademark of Burroughs Corporation

5400 /7400 TTL

Circle 12 on Inquiry Card




Why Intel uses Teradyne J259's to test
memory devices

When we asked Intel’s test super-
visor, Les Vadasz, what he liked most
about the Teradyne J259 computer-
operated IC test system, he smiled and
said: “ltruns.”

“Just running” is no small matter,
as any |C producer can tell you. It's
especially vital when you're testing
256-bitsilicon-gate MOS memories like
Intel’s. When your devices are that
exotic, you want the most unexotic test
system you can find. One that doesn't
go off the air once a week. One that
doesn'’t need periodic calibration. One
that “just runs.”

How dependable are Intel’s
J259's? So dependable that Intel finds
it hard to put a number on downtime,
but estimates that less than 1 percent
of its test-facility downtime is attribut-
able to the Teradyne systems.

And Intel's J259's work hard. They
make as many as 10,000 functional
and parametric tests on each 256-bit

MOS memory. Theyalsotestallof Intel’s
new Schottky-barrier bipolar memo-
ries. They test packages. They test
wafers. They classify devices. They
datalog test results. They generate test
summary sheets and distribution
tables. Since everything is done on a
time-shared basis, it all adds up to an
awesome test capability per J259, hour
after dependable hour.

Intel's new lines of memory de-
vices mark the company as a leader in
its field. So does its choice of test equip-
ment—equipment that, in the best
Teradyn dition, “just runs.”

Teradyne’s J259 makes sense to
Intel. If you're in the business of testing
circuits —integrated or otherwise —it
makes sense to find out more about the
J259. Just use the reader service card
or write to Teradyne, 183 Essex St,
Boston, Massachusetts 02111.

Teradyne makes sense.

8 Circle 13 on Inquiry Card
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EDITORIAL

MOS is ripe, but tender

You wouldn’t think it was that long ago, but more than seven years have passed
since Drs. Hofstein and Heiman made the first integrated circuit with metal-oxide
semiconductors (Mo0s) at the RCA Labs. Yet only in the last two years have
commercial Mos integrated circuits taken hold in the market.

Compare this evolution to that of the Mos’ predecessor, the bipolar integrated
circuit. It was in 1958 that Dr. Kilby made the first 1c at Texas Instruments, a
germanium mesa structure that bears no resemblance to modern 1cs. The following
year, Dr. Hoerni developed at Fairchild the Planar® structure that made today’s
Ics possible. It took only three years—thanks largely to the impetus provided
by the Minuteman contract—for commercial RTL circuits to appear on the market.
By 1965 (seven years after Kilby’s invention), every other electronic engineer in
this country was using, or was planning to use, bipolar ICS.

With the ever faster rate of development that characterizes our industry, why
is Mos taking longer to take hold than bipolars? There are two main reasons.
First, at the time of their invention, bipolar 1cs had behind them ten years of
semiconductor technology developed for discrete transistors—a background Mos
didn’t have. Second, and more important, MOs ICs were almost smothered in their
crib by too much love, by an almost blind belief that they would enjoy an even
faster development than that of bipolar Ics.

I am referring to the Victor calculator, a premature attempt to integrate MOS
ICs in large scale for a commercial piece of equipment. This joint attempt, started
very hopefully back in 1966 by General Microelectronics and Victor Comptometer
(a manufacturer of business machines), floundered and cost GME its corporate
life. Why did it fail? It depends on whom you ask, but it is clear that both man-
ufacturer and user wishfully underestimated the problems they knew existed.
The manufacturer (General Microelectronics, later absorbed by Philco-Ford) knew
that Mos suffered from surface problems, an inversion layer produced by migrating
ions that blocked the electric field—but hoped they could be solved in production
in the same way they were solved in the laboratory. The user, on the other hand,
did not have the experience with Mos necessary to foresee the serious implica-
tions of those problems. It trusted the technology on the strength of its promise.

We can ill afford another Victor calculator today. That traumatic experience
was enough to make many designers of digital equipment freeze when it came to
evaluating Mos for new designs. We see now, however, a thawing of that attitude.
Standard Mos ICs, such as shift registers, have become so popular and reliable
that many non-electronic engineers order them the way they order, say, a relay.
On the other hand, many manufacturers of custom Mos ICs find that the best way
to promote MOs is to teach the technology to the prospective user. A few manu-
facturers of digital equipment, such as Four Phase Systems in California and
Viatron in Boston, are so committed to MoOs that the electronic portion of their
digital machines will depend almost entirely on MOs ICs, or even MOs LSI. To
back up this effort, their top engineering staff has had extensive experience in MOs
technology, acquired at manufacturers such as Fairchild and RCA, respectively.

We hope the new Mos designs succeed. To help them, we are starting in this
issue a course on Mos integrated circuits, which will cover the basic MOs structures,
digital and linear designs, and applications and testing of these circuits. We feel
the time is ripe for a course, because, even though THE ELECTRONIC ENGI-
NEER (as well as most other electronic magazines) have reported on the advance-
ments of Mos technology as they happened, many of these developments invar-
iably turn up in blind alleys and cease to be significant as soon as they are pub-
lished. Our course, on the other hand, will bring you up to date on the established
technology, and will provide a practical view oriented to the application, rather
than the design, of MOs ICs.

To the new Mos designers, we devote our course. To the experienced designers,
our best wishes for success, particularly with such ambitious designs as Viatron and
Four Phase systems have started. The industry needs their success, because just
as the failure of the Victor calculator gave Mos in 1966 a bad name it didn’t need,
the failure of these modern systems will give it a bad name it doesn’t deserve.

Albesfo e§0604) ‘,117
Editor

The Electronic Engineer ¢ Feb. 1970 9




10

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.

Nod for solid-state relays . . . A recent unofficial
communique by the Navy Electronics Lab in
China Lake, Calif., recommends that all new
designs for the Navy should use, whenever pos-
sible, solid-state relays. Considering the appre-
hension with which designers have been using
solid-state relays until recently, this communi-
que is quite a step forward. Pioneered by Tele-
dyne, solid-state relays are being increasingly
accepted, and are now manufactured by almost
half of the electromechanical relay makers.

Plastic DIPs still cause concern . . . even though the
troubles that several users had back in Sept.
1968 with plastic packages (the bonds were
lifting up during thermocycling) have been cor-
rected, the Loveland Div. of Hewlett-Packard
has decided to plug plastic-packaged dual-in-
line 1Cs into sockets, rather than solder them
directly to printed circuit boards. It gives two
reasons for this action. First, it avoids thermal
shock to the IC. Second, it keeps solder fluxes
away from the leads of the 1C, where it might
reach the chip. Even though the instrument
manufacturer does not have a scientific con-
firmation of this fact, it assumes that the relia-
bility of the plastic package will be higher when
plugged into a socket.

Rolling their own . . . Tektronix Inc., a manufacturer
of oscilloscopes and other test equipment, has
set up a modern production line to manufacture
those integrated circuits that it cannot get from
Ic vendors. For its 1cs, Tektronix has decided
on a package similar to the one used by Sig-
netics, a silicone transfer-molded package with
a buffer to isolate the chip from the molding
material.

Cheaper ICs . . . A new TRIM (for Tri-mask) struc-
ture, based on the use of lateral transistors, is
said to be simple, inexpensive and easy to build.
The emitter and base regions are encircled by
a collector region, and a large collection region
which extends beneath them. Transistors oc-
cupy less than 500 square microns of silicon
area. Resistors as high as 50 kilohms have been
formed within 600 sq. microns. A total of only
three masks are used to produce the transistors
and metallization layer. Work was done at Bell
Labs.

MTBF figure for instruments . . . Now that inte-
grated circuits are solidly entrenched in com-
mercial instruments, some instrument manu-
facturers want to call to your attention that their
equipment is more reliable, thanks to the fewer

number of parts it uses. Two of them, Fluke
and Exact electronics, are working out a relia-
bility number for some of their new instruments,
based on the mean-time-between failure (MTBF)
of the component parts they use.

If the idea takes hold, we may have to worry
about one more specification for instruments,
namely, how long it takes to fail. Of course, the
number will have to be referred to a definition
of what a failure is. Theoretically, a failure
occurs when an important characteristic of the
instrument goes out of spec. Such a figure,
therefore, will certainly cause a revision of the
definitions for those specs.

Standards for wire bonds . . . The National Bureau

of Standards has been working for some time to
develop standards of measurement for semi-
conductor materials, and for fabrication meth-
ods relating to them. In addition to developing
measurements to determine semiconductor re-
sistivity (a parameter that varies with the
method employed), carrier lifetime, and the
thermal properties of semiconductor devices,
they are also exploring some methods to stand-
ardize the evaluation of wirebonds, such as
thermocompression bonds and the adhesion of
beam leads.

Ceramic Switch . . . A tiny ceramic “sandwich”

offers both piezoelectric and ferroelectric prop-
erties in the same material. Because of the
two effects, the device can act as a switch or as
a linear regulator to control the amount of cur-
rent passing through it. A control signal to
either element sets the level of gain or the on/
oft switch action. The amount of control will
stay fixed even after power is removed. RCA,
the developer, foresees widespread use in the
consumer field for applications such as home
appliances, lighting and heating systems, and
industrial tools.

Fireproof TV sets . . . Apparently there are greater

fire hazards in color TV sets than most of us
realized. The National Commission on Product
Safety has told TV set manufacturers to make
sets more fireproof, primarily by improved in-
sulation materials. Look for this to happen in
other consumer electronic products.

Entry into data terminals . . . Tektronix, whose

Model 611 readout terminal was very popular
among computer terminal manufacturers, has
made its own entry into the data terminal busi-
ness, with a complete data terminal called
Model 4002.
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The non-catalog connector.

If you can’t buy it. We'll make it. Any kind
of printed circuit connector.

Tell us how many positions, how many con-
tacts. And what kind of shape it ought to be in.

We’ll take it from there, and turn out a con-
nector for you, at a price that’s probably the
lowest in the business.

The biggest reason is our contacts—because
they’re the biggest single factor in the price of
connectors.

We put more gold at the contact area than
any plater does. But we weld it there instead of
plating it. So we use less gold overall.

As a result, our contacts are the best you can
buy. (Maybe that’s why many of our competi-

tors use them.)

We also do our own wire drawing, coining,
forming, bending, and solder plating. We design
our own tooling and mold our own plastic bod-
ies. And we assemble and test the whole con-
nector ourselves.

If you're looking for ordinary connectors
look in ordinary catalogs.

But if you want something a little special,
now you know where you can go.

Sylvania Metals & Chemicals, Parts Division,
Warren, Pennsylvania 16365.

SYLVANIA

GENERAL TELEPHONE & ELECTRONICS




"UP TO DATE

“Sandwich” has remote control possibilities

Piezoelectric and ferroelectric properties are combined

in one material to give device its capabilities.

RCA has developed a new solid-state device that may
lead to TV-type remote controls for home appliances,
heating systems, lamps, office equipment and industrial
tools.

The device is a tiny ceramic element whose electrical
properties can be adjusted electronically to turn on,
turn off, or smoothly vary the electron flow in a circuit,
even from a remote location. Moreover, the device will
“remember” its last setting indefinitely, even if power to
the circuit is shut off completely.

The new component is the result of an interplay of
two electrical phenomena—piezoelectricity and ferro-
electricity. A piezoelectric material can transform me-
chanical motion into an electrical signal, and vice versa.
A ferroelectric material can remain in a state of electric
polarization indefinitely, much like a magnet retains its
magnetic polarization. When a material contains both
properties, a change in ferroelectric polarization changes
the efficiency of the material’s piezoelectric effect.

To take advantage of the interaction of the two ef-
fects, Dr. Stuart S. Perlman and Joseph M. McCusker of
RCA designed a sandwich consisting of two ceramic
wafers—each with ferroelectric and piezoelectric prop-
erties—bonded together by epoxy.

When an ac signal (for instance, a radio signal) is
applied to one wafer, the wafer vibrates because of its
piezoelectric properties. These vibrations are transmit-
ted through the epoxy to the second wafer which con-
verts them back to an electric output signal.

The amplitude of the piezoelectric output signal can
be raised or lowered by subjecting either wafer to a
control pulse, thereby changing the amount of ferro-
electric polarization in the wafer and thus its piezo-
electric efficiency. Since the wafers are made of a stable

Ferroelectric device can give a complete on/off switching
function or anything in between and it can be controlled
from a remote point. Many consumer applications are seen
for the device.

ferroelectric material, the output signal is stable and
changes only when the polarization is changed.

Two versions of the device have been developed.
One, an adaptive resonant filter, responds only to input
signals in a narrow frequency range. The other, desig-
nated an adaptive ferroelectric transformer, responds to
input signals covering a broad frequency spectrum.

Both versions of the device use wafers made of
ceramic lead zirconate/lead titanate material. The
wafer’s polarization can be altered in any desired
magnitude by applying voltage pulses that produce an
electric field typically 10 to 45 V/mil. of wafer thick-
ness. In this way, the output signal of a device can be
changed in analog fashion over a dynamic range of
approximately 60 dB.

More about the device

The solid-state adaptive (analog storage) device is a
resonant band-pass electronic filter with adaptable volt-
age gain. That is, the voltage gain-frequency transfer
characteristic can be “set” to different values of atten-
uation by an “adapt” signal and will retain that “setting”
after the adapt signal has been removed.

Ferroelectric materials are used as the dielectric in
a filter structure composed of two capacitors bonded
together so that resonant mechanical vibrations estab-
lished in one (the input resonator) are coupled to the
other (the output resonator). Converse and direct piezo-
electric effects generate the mechanical vibrations and
the output voltages, respectively. Ferroelectric effects in
either capacitor provide the analog storage capabilities.

The acoustical coupling mechanism employed in the
device design results in electrically stable device char-
acteristics. Previous ferroelectric adaptive devices used
unstable field effect coupling mechanisms which lead to
unacceptable device performance.

These filters have electronic Q values near 100 at
resonant frequencies in the range 102 to 107 Hz. The
voltage gain-frequency characteristic has a maximum
value at resonance of about O to 410 dB. Application
of a voltage adapt pulse (100 to 300 V) of low energy
(mJ) to either side of the filter can adapt the entire gain
characteristic to any value between 0 and about —60
dB within an arbitrary switching time (limited to a
practical range of roughly 1 X 10* to 107) as deter-
mined by the pulse amplitude. Voltage gain “settings”
are electrically stable and can be reproduced by the
same or an equivalent sequence of adapting pulses.

(continued on page 14)
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TWO ENGINEERS

H THE SAME
PROGRANMMING PROBLEM

USING CHERRY SELECTOR SWITCH

USING ROTARY SWITCHES requires 330
requires no soldering . . . less than 5 minutes

soldered joints . . . over 8 hours of labor . . .

occupies 293 square inches of panel space . . . of labor . . . occupies 41 square inches of panel
costs $88.00 installed. space . . . costs $32.95 installed.

(That’s $0.29 per switching point.) (That’s $0.11 per switching point.)

WHICH ONE WOULD YOU LIKE TO
CHECK FOR A MISTAKE IN WIRING?

WRITE ToDAY for full details on the totally

new Cherry Selector Switch. It may change
all your old ideas about programming devices.

CHERRY ¥

CHERRY ELECTRICAL PRODUCTS CORP. ¢ 1655 Old Deerfield Road e Highland Park, lllinois 60035
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UP TO DATE

(continued from page 12)

Flexible design capability is one of the paramount
properties of these adaptive resonant filters. Use of
different filter materials, modes of mechanical vibration,
types of mechanical mounts, filter structures and elec-
trode configurations makes possible filter designs cover-
ing a broad spectrum of filter characteristics.

Adaptive resonant filters are particularly suited for
application to system control and remote control cir-
cuits where only a few adaptive or control devices are
required. Remote control of volume, chroma and tint
in a color TV receiver, electronic control of processing
equipment, lighting, or heating systems, and small-scale
computer applications, as in speech recognition systems,
are a few examples.

Large-scale memory arrays employing adaptive reso-
nant filters are unlikely unless individual selection of de-

vices during switching is possible. Matrix-type selection
circuits are generally unsuccessful for ferroelectric de-
vices because such devices lack the threshold-type
switching characteristics required.

This “sandwich’ exhibits both piezoelectric and ferroelectric
properties. Because of these two properties, it can act as
switch or limiter and will stay in its last setting until given
a ‘‘signal” to change.

Common electrode

Ferroelectric material

Metal contact

Special filters aid pattern recognition

A computer-processed, 35-mm slide can be coded to
pass desired images, while rejecting others. The ex-
perimental filter, developed by IBM’s scientists, is an
offshoot of their work on the kinoform, a computer-
produced slide which can form 3-D images similar to
those produced by holograms.

When a pattern such as crosshatch is viewed through
one type of kinoform filter slide, for example only lines
that are parallel to the horizontal edge of the slide can
be seen; all others are rejected. As the slide is rotated,
the first set of lines disappear and vertical lines become
clear.

A filter produced by computer can reveal hidden patterns
in photos, charts and other graphic material. This example
shows how cross streets can be eliminated with a filter.

& & &
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This type of filter could help seismologists detect
planes of underground strata in seismographic plots.
Most of the jumble of confusing lines, “noise,” would
be rejected, revealing only important lines that show the
existence of underground rock formations.

Another form of this filter can be coded to recognize
objects of different sizes and shapes—such as certain
types of cell. For example, a biologist could look
through the filter and see only a field of bright spots—
each spot representing a cell of the size and shape that
he seeks. An electron scanner could be placed behind
the filter to count the number of objects the filter had
highlighted.

Also, the filter could be used to monitor small parts
in an assembly plant. A part that was broken, the
wrong size or out of alignment would not produce a
spot as it passed under the filter. The absence of a
spot could trigger a photo-scanner to ring an alarm or
actuate a mechanism to remove the part from the line.

These filters could also be used in such applications
as ZIP-code readers and similar automatic reading de-
vices for computers. The filters are made the same as
kinoform 3-D slides. In coding the filter to recognize
a certain object, such as a cell, a mathematical descrip-
tion of the cell’s size and shape is fed to a computer.
The computer then simulates, mathematically, how light
waves would be scattered by the cell and how these
scattered waves would expose a sheet of film placed
near the cell. The scattered light waves would create a
pattern on the film similar to a ripple-filled puddle. This
pattern is plotted by the computer and transferred to
a 35-mm slide, hence producing the filter. The work
was done by IBM’s Process Industry Development Cen-
ter in Houston, Tex.
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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

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

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

STOCKING CENTERS: Burbank, Calif.—(213) 849-6631; Chicago—(312) 832-0450; Dallas—Gillett Industries, (214) 363-0107; New York—Kahgan Sales, (516) 538-2300; Phila-
delphia—Eastern Components, (215) 927-6262; San Francisco—Wm. J. Purdy Corp., (415) 347-7701; Waltham, Mass.—(617) 899-3110; Woodstock, N.Y.—Elna Ferrite Labs, (914)
679-2497; Toronto, Ont.—Philips Electron Devices, Ltd., (416) 425-5161.

SALES OFFICES: Atlanta—Cartwright & Bean, (404) 237-2273; Baltimore—Eastern Components, (301) 322-1412; Cedar Rapids—Thomas & Modricin, (319) 377-6261; Columbus,
Ohio—Mulligan & Mathias, (614) 486-2976; Denver-—Wm. J. Purdy Corp., (303) 794-4283; Huntsville, Ala.—Cartwright & Bean, (205) 852-7670; Hyde Park, N.Y.—R. P. Kennedy
Co., (914) 229-2269; Indianapolis—Thomas & Sukup, (317) 251-4574; Kansas City—Thomas & Modricin, (913) 432-2131; Minneapolis—(612) 920-1830; No. Miami Beach—Cart-
wright & Bean, (305) 945-2962; Orlando—Cartwright & Bean, (305) 425-8284; Phoenix—(602) 264-3129; Rochester, N.Y.—R. P. Kennedy Co., (716) 271-6322; Saugerties, N.Y.—
(914) 246-2811; St. Louis—Thomas & Modricin, (314) 338-6446; Union, N.J.—(201) 964-1844
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there’s alot behind it

For one year we have been quietly mobilizing the industry’s most capable semiconductor

memory team. Personnel from all disciplines to design, assemble, test and volume produce
the fastest, most reliable memory systems.

Here are the results: 4. Our cards are fully functional and
incorporate our own logic support cir-
cuits to enhance system performance
and minimize overhead circuit require-
ments.

5. Our quality is verified every step of

1. Our memories are the world’s fastest
—15 nsec. access and 10 nsec. cycle
times.

2. Our designs are pre-evaluated and

optimized by computer simulation.

3. Our chips are individually packaged
in proven, low-cost, ceramic Dual-In-
Line packages and mounted on standard

the way by computerized testing that
performs up to 5000 tests/sec. on the
chip, the packaged devices, and the
modular assemblies.

P/C cards. 6. We are now in production.
We design our memories to be modularly expandable and we supply them in ECL and TTL
compatible configurations. Our products reflect total capability...The kind of capability that
puts a lot behind us, including the competition.
Our first series of modular cards is now available. To order:
Price: (1to 9) ECL Compatible TTL Compatible*
32x8 $768.00 AMS 0328E AMS 0328T
32x9 $845.00 AMS 0329E AMS 0329T

*Delivery on TTL—one month.

AMY

ADVANCED MEMORY SYSTEMS, INC., 1276 HAMMERWOOD AVENUE, SUNNYVALE, CALIFORNIA 94086, TEL. (408) 734-4330

Circle 17 on Inquiry Card
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FOREFRONT

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

Keep in mind the tradeoffs, since any parameter can

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

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

INTEGRATED CIRCUITS

Digital ICs (DTL)
Fairchild 930
ITT 930
Motorola MC930
Philco-Ford PL9930
RCA CD2300
Raytheon 200 & 930
Signetics SP600A
Siliconix 930 & 1830

Siliconix AOI

25

20 16
(23 mW/gate) (7mW/gate)

Fairchild 930

ITT 930

Motorola MC930

Philco-Ford PL 9930

RCA CD2300

Raytheon 200 & 930

Siliconix 930 & 1830

S-W 930

I1.15930]

TL53/73

Radiation 500

Amperex FCH 101
Siliconix AOI

10

8
(25ns)

Digital ICs (TTL)

7

Amperex FHH
Mot.MTTL II
Philco-Ford 9620
Sprague 54H/ 74H
Sylv. SUHL II
TI1.54H/ 74H
Trans. 54H/ 74H

Ray II
Fairchild 9000 Tr

Radiation 500

Fairchild 9040
RCA CD2200

Raytheon Ray II1

NS New this month

Fairchild 9950

Typical prop
6.0 delay-ns

4 5.0
(10mW/g)

(lomw/g)

Amelco 604!

Power dissipation
23 20 mW/gufe
(55ns)- (60ns)

ans.II
ITT9000 U.A.200 Fairchild 9300

7.0 6.0 5.2

8.0 S
(12mW/gate) (9mW/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
T.1.54/74 Signetic SE400
Trans. 54/74 Amelco510

Fairchild 9300 Amelco530

20 .16

(75ns)

1.0
(32ns)

Pasr oz

Ray VI
Typical prop
delay-ns

(ITmW/gate) (22mW/ga'a)

National 244 Amelco 500(175ns)

Philco-Ford PL9600 (55ns)

Power dissipation

05 mW/ gate
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FOREFRONT

SEMICONDUCTORS

Silicon power transistors (npn)
Westinghouse 1441 Westinghouse 140l

Power dissipation
200 350 400 600 625 Watts

Delco DTS-425
Solitron SDT-1164

Amperex A750

Delco Motorola
DTS-702 MJE 840i

VCEX -Volts
700 750 1200 1400

Solitron 2N4866

ransitron Westinghouse 1441 Westinghouse 140I

; Collector current
100 150 250 Amps

70 .80
(120v) (100V) (Vego=120V) (Vcgo=120V)
Dual bipolar transistors

Union Carbide UCX 2910 Motorola 2N3424

G Frequency (fy)
800 1200 MHz

(VCEO=I5V) (VCE0=I5V)
Thyristors
Westinghouse 282 (1500V)
G.E.C398 Interndtional Rectifier
G.E.C290 i G.E. C500X1(1800V)

. 1 Forward current

475 740 850 1000 1200 Amps
AIR-COOLED WATER COOLED

National NL-C150
International Rectifier
TIRAIOOS80

GE C380 Westinghouse 272

Motorola 2N4(99

" Voltage rise
200 300 400 500 600 s dv/dt=V/us

National

NL-FI50

Westinghouse 260
GE C380

International Rectifier
8IRLBI20

R

S S B T W Current rise
600 800 ) di/dt-A/us

(125A-1200V)
Microwave semiconductors (low noise)
KMC KMC KMC Texas Inst.
K5008 K5002 KD520I TIXM 105
Frequency
- — ] MHz-GHz

60 MH; 450 MHz 1GHz 2.25GHz 9375GHz  Noise figure
1.4dB 2.0dB 3.0dB 4.5d8 5.5d8
SILICON SILICON SILICON GERMANIUM Silicon

Microwave semiconductors (power)

MSC 2001
RCA TA7003
TRW 2N4976 Varian Nippon Electric

TRWPT 6635 VSX 9522 GD 5143

TR
TRW2N5178 PTE82I

: TR ; S NS Frequency

500 MHz i 2 3.4 10 16 20 GHz
(50W-CW (20W-CW (I WATT-CW (2W—-CW (1W-CW (0.2W-CW
TRANSISTOR)  TRANSISTOR)  TRANSISTOR) TRANSISTCR) GUNN 05C) GUNN 0SC.)
Microwave multiplier diodes

Philco L8504 Philco L8503 Philco L85I3

Frequency
GHz
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The electric shock hazard
Sir:

In the recent article “Would you
put that probe on your sick grand-
mother?” [The Electronic Engineer,
July 1969, page 39] a statement indi-
cates we manufacture an instrument
that “can shut off the power if there
is more than a set amount of leakage.”
The editor’s note identifies this instru-
ment as our Camsafe “for power lines”

Unfortunately, perhaps, the Cam-
safe is not designed to turn off the
power at any setting. Basically, the
Camsafe substitutes for the patient.
It measures and indicates the maxi-
mum current that would flow through
the patient.

We all wish it were possible to
make an instrument that could ade-
quately replace human judgment in
this situation. However, there is no
complete agreement on what exact
level of current leakage is critical and
indications are that leakage critical
under extreme conditions (e.g.: cath-
eter or implanted electrodes) might not
be as critical in other applications.

The Camsafe, incidentally, was not
designed just to check power outlets,
although it is used for that purpose;
nor was it intended only for testing
our Versascribe cardiograph. It can
be used on any electrical equipment
and, we feel, provides the best means
presently available for determining
current leakage. The increasing use of
electro-medical instrumentation is
making the potential problem of elec-
tric shock hazard more important
every day and we compliment your
publication on bringing this problem
to the attention of your readers.

We are vitally interested in this mat-
ter and, for this reason, want to set
the record straight in regard to our
Camsafe.

Howard O. Burr
Communications Manager
Cambridge Instrument Co. Inc.
Ossining, N.Y.

Use the right CAD program

Sir:

In the article “Tables of CAD pro-
grams” [The Electronic Engineer,
July 1969, p. 59] you state that docu-
mentation for the TRAC program is
not available to the general user. This
is not true. The only restriction on
the dissemination of the TRAC docu-
mentation is that it may not be given
to foreign nationals or governments
without the approval of the Harry
Diamond Laboratories.

The Electronic Engineer ¢ Feb. 1970

A two volume report titled “Tran-
sient Radiation Analysis by Computer
Program (TRAC); Volume 1, User’s
Guide; Volume 2, Theory and Flow
Graphs” is available, subject to the
above restriction, from the under-
signed at the Harry Diamond Labs.

It should also be noted that: NET-
IR does not run on the MANIAC 11
computer, the entire section should
refer to the NET-1 program, not to the
NET-1R; CIRCUS, SCEPTRE, and
TRAC are available for the IBM 360
series of computers; CIRCUS has an
extensive plot section; both CIRCUS
and TRAC have some assembly lan-
guage subroutines.

Robert Puttcamp
Research Physicist
Department of the Army
Harry Diamond Labs
Washington, D.C.

EDITOR’'S NOTE: With the corrections
Mr. Puttcamp points out, the tables for
CAD programs look like this:

Computer Compatibility

Operational Language Minimum

on and size of word
Program ___ Computers __ source deck memory
CIRCUS UNIVAC 1107/1108 FORTRAN IV

1BM 360

IBM 7094

GE 625/635

CDC 660C 5500 cards 32k
Gen. Network UNIVAC 1107/1108 FORTRAN IV
Analysis 3000 cards 65k
MISSAP 111 CDC 3600 FORTRAN IV

2000 cards 32k

NET-1 1BM 7094 FAP

IBM 7040/7044

MANIAC 11 30,000 cards 32k
Okla. Std 1BM 7090/7094 FORTRAN IV
Analysis 2000 cards 40k
PREDICT 1BM 7090/7094 FORTRAN 11
PAP
10,000 cards 32k
SCEPTRE 1BM 7090/7094 FORTRAN IV
1BM 360
CDC 6600 16,000 cards 32k
STRAP 1BM 7090/7094 FORTRAN IV 32k
TAG IBM 7090/7094 FORTRAN Il
12,000 cards 32k
TRAC 1BM 7090/7094 FORTRAN 11
IBM 360 1500 cards 32k
ECAP 18M 360 FORTRAN IV
IBM 1620
IBM 7090/7094
UNIVAC 1107/1108 32k

Main Program Features

I {2 | |s| |
‘ 8 2 '
- Q
| §1 £
8 » 5| »
‘ 2|8 3 | $ I e
B 2= 5] (S B 8
s1s|./18(%3|28 2=
o 2| 8| E|s| 8§ = 8
s(8|2/¢|2|8|o 8|k
S| E|s| e El 2| g
c|8|&|E|s|£|=| 2|8
slo|lc|B| 8| 5| 8| 8|3
B 8|o J <jF[3|=|a|a|=
CIRCUS X | x 1 x| x| x| x | 400|200
Gen. Net. Analysis | X | X | X | X | x | x 30
MISSAP 111 xil x x| b [ f x [.100
NET-1R X xTx 600100
i L 5 =1 L. 5| W
Okla. Std. Analysis | X X | x 60| |
e Shd. 1 - L2 [
PREDICT x| x| x x+300 100
SCEPTRE X X | x [ x | x | 300|100
STRAP X x | x | x| x|300[100
TAG L% xi»x X | x 100
TRAC x| % x| x| x| x|100] 60
ECAP x| xix|= lx | | 400|100

HEADS the LIST
of 5 HIGH POWER
OPERATIONAL
AMPLIFIERS

— from 200 mA to
10 Amps — up to 235v/uS

1" x 1" x 0.31"" deep

MODEL 9412 OFFERS:

+10 Volts Swing
=+200 mA Qutput Current
=235 Volts /uS Slew Rate
350 MHz Unity Gain Frequency
50nS 0.1% Settling Time

« Size: 0.31 cubic inch

Complete specifications on request.

Units in stock for
immediate shipment.

Note these low prices:
$52.00 — 1-2
$47.00 — 3-9
$43.00 — 10-29
$39.00 — 30-99
$36.00 — 100-299

0) |

OPTICAL ELECTRONICS INC.

P. 0. Box 11140 Tucson, Arizona 85706
Phone 602/624-8358
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Are You Going to Buy
a New Scope This Year?

First, you'll want to know a scope’s
bandwidth and sensitivity. But
beyond “horsepower,” aren’t there
other things just as important? For
example:

Does the scope have the latest
technical innovations; so it's techni-
cally best now...and looks like it will
be best in the future? Leadership!

Does the scope incorporate perfor-
mance features that give me accurate
measurements, easily ? Useability!

Can it solve my measurement prob-
lems today, tomorrow and next year,
economically ? Value!

You're now going beyond specs
and specmanship, and investigating
the area of a company’s design

{ v. : '/ M
philosophy — the X" quantity you
get in every instrument you buy.

Let’s look at HP’s record.

In the general-purpose, laboratory
oscilloscope area, HP announced the
first 180 Series Scope over three
years ago. Today, it is your best an-
swer to high frequency measurement
problems! And here’s why.

How about HP 180 leadership?
1. The HP 180 Scope was the first

20

all-solid-state scope to be introduced
—July, 1966.

2. It is the only high-frequency
scope utilizing mesh-dome technol-
ogy to increase, simultaneously, CRT
bandwidth and CRT viewing area (in-
stead of shrinking the CRT display
area or extending tube length).

3. It is the only solid-state scope
that has a fully documented, environ-
mentally specified military version.

4. 1t is the only high-frequency sys-
tem that has a rack version only 5V4"
high.

5. It is the only system that offers
direct read-out TDR with 35 ps rise-
time (1815A plug-in).

6. The HP 181A is the only main-
frame that offers both variable per-
sistence, and flicker-free storage—
and it is the only storage scope in
the 50 MHz and above frequency
area.

7. The HP 180A and the 181A Main-
frames are the only system-oriented
mainframes to have field - proven,
solid-state plug-ins — now 9 — that
cover 50 MHz and 100 MHz real-time,
as well as 12.4 GHz sampling and 35
ps TDR.

8. This year HP announced the
Performance Champ —the 250 MHz,
10 mV, real-time 183A System:

A. The only 250 MHz (<1.5 ns
rise - time), general - purpose
real-time system.

B. The only real-time scope with
1 ns/cm sweep speed.

C. The only scope with 4 cm/ns
writing speed.

How about HP 180 useability ?

Some of the innovations above
have contributed to useability. Here

are some additional useability
features:

1. Important contributions have
been made in simplifying controls:
Single-control triggering for the 250
MHz time base; selective use of push-
buttons; exclusive HP mixed sweep
control; single switch signal averag-
ing in the sampling plug-in to reduce
noise and jitter.

2. The calibrator built into the
183A Mainframe gives you 1 ns rise
time at 2 kHz or 1 MHz, with 50 mV or
500 mV amplitude. Now you can
check time, amplitude and pulse re-
sponse — as well as compensate
probes.

3. The 50 () input system has been
adopted for both the 100 MHz and
250 MHz vertical amplifiers—to elim-
inate the bug-a-boo of capacitive
distortion. If you're in these frequen-
cies, chances are you're wanting a
50 () impedance match. If not, you
have a choice of ultra-low capaci-
tance passive or active probes.

4. Carry the rugged 180 Scope any-
where you need it—with plug-ins,
weight is only 30 to 35 pounds. Put it
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The Performance Champs

lou 'S

on your bench without crowding—
the scope’s frontpanelis less than the
size of this page. (Like we said, the
rack model is only 5%" high.) But
this mini-size doesn’t mean a mini-
CRT—its 8 x 10 cm area is 30% to

100% larger than most other high-
frequency scopes.

How about HP 180 value?

Capability of solving today’s and
tomorrow’s measurement problems
is a real gauge of worth, or value. To
prevent mainframe obsolescence in
the 180 Series, HP has adopted a de-
sign philosophy of driving the CRT
vertical plates directly from the verti-
cal plug-in. Unlike some other
scopes, the delay line and all vertical

The Electronic Engineer ¢ Feb. 1970

amplifier elements are contained in
the HP vertical plug-ins.

HP’s design approach keeps the
full capability of the CRT available
to future plug-ins, so you can take
advantage of tomorrow’s technology
in today’s mainframes.

This philosophy —no built-in main-
frame limitations—is illustrated by
the design approach used in the new
183A Mainframe. A unique HP de-
sign provides a CRT with a real-time
bandwidth beyond 500 MHz. Today,
IC technology limits the vertical am-
plifier to only 250 MHz, real-time.
Tomorrow, higher bandwidth vertical
amplifiers will be available. When
they are, HP will have them. And, you
can use them in your 1970 183A Main-
frame — because you have direct
plug-in access to a 500 MHz CRT!
(Compatibility with “‘old” plug-ins?
The 183A Mainframe will take all 11
of the existing 180 Series plug-ins—
and they’ll meet their specs.)

Doesn’t this philosophy make
sense ? We think so.

What other plug-in scope can offer
you these values—at these prices?
For example: A 50 MHz laboratory
system, with plug-in versatility, com-
plete, $2065. A 250 MHz system,
$3150.

This is the year of the big change.
Everyone seems to have come up
with a new scope. You have to make
a decision. Should you continue
down the same old road? Or is it
time you took a look at another
manufacturer?

The HP road means going with the
demonstrated leader, a system that’s
been de-bugged for three years, a
scope that will letyou buy tomorrow’s
state-of-the-art plug-ins and use
them in today’s mainframes.

TTORX)
. Q.o. ::8.!-

e e @ oo@.lo

Because this is the year of the big
change, your decision is important.
You'll have to live with it for some
time to come. If you're not convinced
HP is best, try a side-by-side com-
parison with any scope.

Call your local HP field engineer
to arrange a comparison. And re-
member td ask him about HP’s new
concept of oscilloscope service...
have him show you HP’s new video
training tapes on the 180 System. For
a complete, full-color brochure, write
Hewlett-Packard, Palo Alto, Cali-
fornia 94304. Europe: 1217 Meyrin-
Geneva, Switzerland.

080/11

HEWLETT \hp; PACKARD

Sl

OSCILLOSCOPE SYSTEMS
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GET OFF

SAVE TIME! GET WITH

logicpe

Created for the design engineer, test
technician, quality control inspector and
field service engineer. Logic Pen is a
new test instrument specifically de-
signed for the IC logic field by Advanced
Digital Research Corporation, “those in-
strument people,” old in experience in
the digital field, young, aggressive and
dynamic in new product development.

Logic Pen provides not only the ability
to perform function diagnosis of digital
IC’s but also the ability to approximate
wave shapes, recognize deviations in
time of equal pulses, sense proportional
time in high and low levels and parity
count checking of a controlled pulse
train. With Logic Pen there are No Ad-
justments, it's Self Syncing, has Elec-
tronic Memory and is Protected against
overloads.

5ns Detection e 50 MHz Response
LOGIC PEN tests all types and arrays of
logic circuits, 75% Faster than scopes
and DVM's!

LOGIC PEN cuts the High Cost of Test
Equipment to just $125.

LOGIC PEN is a must for people who
design, test, service, repair or depend
upon digital equipment.

For Further Information Call or Write

ADVANCED DIGITAL
RESEARCH CORPORATION
608 Vaqueros Avenue
Sunnyvale, California 94086
(408) 245-8000 Cable: DIGITA
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FEBRUARY
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22 23 24 25 26 27 28

Feb. 10-12: NEPCON '70 West, Ana-
heim Convention Ctr.,, Anaheim,
Calif. Addtl. Info.—~NEPCON '70
West, Industrial & Scientific Confer-
ence Management, Inc., 222 West
Adams Street, Chicago, Ill. 60606.

Feb. 12-14: 2nd National Conf. & Ex-
position on Electronics in Medicine,
Fairmont Hotel, San Francisco, Calif.
Addtl. Info.—Mr. Jerry Brown, Nat'l
Expositions Co., 14 West 40th St.,
New York City, N. Y.

Feb. 18-19: Instrumentation Fair, Inter-
national Hotel, Los Angeles, Calif.
Addtl. Info.—Instrumentation Fair,
Inc., c/o Larry Courtney Co., 16400
Ventura Blvd., Encino, Calif. 91316.

Feb. 18-19: The Era of Thermosets
(RETEC), Park Plaza Hotel, New Ha-
ven, Conn. Addtl. Info.—Wm. H.
Smith, Waterbury Companies, Inc.,
835 S. Main St., Waterbury, Conn.,
06720.

Feb. 18-20: Int’l Solid State Circuits
Conference, Sheraton Hotel, Univ.
of Penna., Phila., Pa. Addtl. Info.—
T. Bray, Gen'l Elec. Col.,, Bldg. 3,
Rm. 261, Electronic Park, Syracuse,
N. Y. 13201.

Feb. 25-27: AMA Conference—Annual
EDP Conference, Amer.cana Hotel,
New York. Addtl. Info.—AMA News
Relations, American Management As-
sociation Bldg.,, 135 W. 50th St.,
New York, N. Y. 10020.

MARCH
1 2. B3 4.5 8.2
8 9 10 11 12 13 14
15 16 17 18 19 20 21
22 (23 24 25 2627 28
29 30 31

Mar. 9-12: EIA Spring Conf., Statler

Hilton, Washington. Addtl. Info.—
Electronic Industries Assoc., 2001
Eye St., N.W., Washington, D.C.
20006.

Mar. 17-20: 1970 Symposium on man-
agement and Economics in the Elec-
tronic Industry, University of Edin-
burg, Scotland. Addtl. Info.—IEEE,
Inc., 345 East 47th Street, N.Y,,
N.Y. 10017.

Mar. 23-26: 6th Internation, Aerospace
Instrumentation Symposium, Col-
lege of Aeronautics, Cranfield, Bed-
fordshire. Addtl. Info.—A. C. Vickery,
Ardoyne House, High St., Watton-at-
Stone, Hertfordshire.

Mar. 23-26: IEEE 1970 Int’'l Conven-
tion, New York Hilton and the New
York Coliseum. Addtl. Info.—IEEE
Inc., 345 E. 47th Street, N.Y., N.Y.
10017.

Mar. 24-26: 11th Symposium on the
Engineering Aspects of MHD, Califor-
nia Institute of Technology, Pasa-
dena, Calif. Addtl. Info.—Lance
Hays, Chairman, California Institute
of Technology, 4800 Oak Grove
Drive, Pasadena, Calif, 91103.

A A B B SRS ISR
'70 Conference Highlights

|IEEE—Institute of Electrical and Elec-
tronics Engineers Int’l Convention &
Exhibition, March 23-26; New York,
New York.

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

Aug. 25-28: WESCON, Los Angeles.
Deadline for letters proposing sessions
for WESCON is March 14, 1970. Under
WESCON's technical program policy,
the call is for ‘‘session units,”” as op-
posed to individual papers. Under the
plan, proposers should suggest a spe-
cific session topic, the scope it would
cover, and proposed speakers for each
of four papers within the session. This
proposal should be in letter form, and
addressed to E. W. Pappenfus, Tech-

nical Program Chairman, WESCON,
3600 Wilshire Blvd., Los Angeles,
Calif. 90005.

Aug. 31: Fifth Annual ACM Urban

Symp., New York. Submit five copies
of paper to Paul R. DeCicco, ACM
Urban Symp. Chairman, Polytechnic
Institute of Brooklyn, 333 Jay St.,
New York, N.Y. 11201, by April 15.

Sept. 21-25: 5th Intersociety Energy
Conversion Engineering Conf., Las
Vegas, Nevada. Submit abstracts of
100 words or less by February 1
and manuscripts by April 1, to
ENERGY—70, Box 9123, Albu-
querque, N. Mexico 87119.
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Centralab solves your switching
problems with more varieties of
lishted, push button* switches
at lower cost. Individual stan-
dard modules for printed circuit
board or panel mounting are
available in two, four, six or
eight pole, double throw designs.
Standard functions are mo-
mentary, interlocking and push-
push. Each assembly is d\’dlldl)l(‘
\\Hh row-to-row locking as a
space saving feature; remote
release capability and lockout
are also available. There's an
almost infinite number of com-
binations of modules with 10
mm, 15 mm or 20 mm spacing to
meet a variety of requirements.

The lighted push button can
be customized to meet specific
needs using various combina-
tions of bulb caps, filters, and
lenses.

Lexant lenses and filters are
available in nine standard colors
as well as clear. Filters permit
adjustment of light diffusion and
color intensity. Hot stamping of
lenses or filters is available.

Your Centralab representative
is ready to present his case for
Centralab lighted, push button
switches. He has the answers

Ask your Centralab representative
to show you this push button

demonstration kit. Discover
how versatile a low cost
switch can be.

to your switching problems. Call
him today or write: Switch Sales
Manager, Centralab Electronics
Division, Globe-Union Inc.

*Iﬁﬂ‘w TAT LICENSED tT™m GE

V| N
R TR
R A .

R
Nl
CENTRALAB
Electronics Division
GLOBE-UNION INC.

5757 NORTH GREEN BAY AVENUE
MILWAUKEE, WISCONSIN 53201

M-6925
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1024-hit static ROM

The Philco® MOS 1024-bit read-only
memory has a static output data level.
It remains valid as long as an address
is present.

That means you can address it as slowly
as necessary to be compatible with your
output device, and the extra expense
of clock generators and drivers is
eliminated.

Bit pattern, 128 8-bit words; access time,
typically 2 us; cost in 100-piece lots, less
than 4 cents per bit.

The pMS1024C static ROM is packaged
in a 24-lead hermetic DIP. Samples avail-
able now in character generator form.

And for high-speed applications, try our
dynamic ROM . ..comparable costs and
access times less than 1.0 us.

CIRCLE 6 ON READER SERVICE CARD

FROM PHILCO-FORD

» MSI 9300 Series

New MOS memory products
256-bit RAM
2048-bit static ROM
2240-bit static character
generator ROM

PL7751 Differential
wide-band memory sense
amplifier
Schottky-barrier diodes in
new packages

l COMING SOON
|
!
I
|

Our InSb multi-element IR detectors

are all ours.

Because Philco® detectors are made
entirely in-house. The whole assembly
...detector array, liquid nitrogen- or
cryostat-cooled dewar with cooled filter,
and matching current-mode preamp.

What does this mean to you? Your inter-
face problems are eliminated. You also
gain from the start-to-finish quality con-
trol. By growing our own InSb, for ex-
ample, we control impurity levels for
maximum sensitivity and low noise
performance.

And we’ve been doing these things for
over 10 years...long enough to have
more InSb photovoltaic detectors in the
field than anyone else.

Take a look at some of the specs...
elements as small as .05 mm x .05 mm
with element spacing .025 mm for high
resolution, detectivity approaching theo-
retical limits, linear arrays of more than
100 elements, and detector impedance
of 10 megohms or more.

CIRCLE 7 ON READER SERVICE CARD

UHF to K u band.

How’s that for broadband switching ?

24

That's what you get with our new Philco®
P9800 Series coax switch assemblies.

And switching performance over any part
of that range is better than just about
any narrow-band switch assembly you
can find.

The secret? The P9800 Series employs
our new L8370/L8380 Series integrated
switch modules. These hermetically
sealed modules eliminate the package
parasitics which limit the broadband per-
formance of conventional semiconductor
diode switches.

These new modules, which are also avail-
able separately, permit switching ratios
in the order of 50 db over the specified
operating frequency range with switching
speeds down to 10 nanoseconds.

You can get the new P9800 Series switch
assemblies with integral hybrid drivers
to solve your control circuit interface
problems. In addition, units designed to
exhibit linear attenuation or other special
characteristics can be supplied as
required.

CIRCLE 8 ON READER SERVICE CARD
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The better idea peaple in microelectronics. PHI LCO

PHILCO-FORD CORPORATION « MICROELECTRONICS DIVISION « BLUE BELL,

PA. 18422

Second-source 7400 T2L
with a difference.

We can make immediate deliveries on all
these digital devices, but that’'s not the
whole story. These are Philco® 7400
Series T2L circuits with Cerdip proved
hermetic packaging—the T?L package of
the future ... today.

There’s more to the story too. .. like the
extra glassivation step that protects the
circuit against damage, and gives an

added measure df reliability; and clamp
diode inputs for greater noise immunity
and freedom from ringing.

All the items listed are in stock now, with
7 more MSI types due in the immediate
future, and 10 more scheduled in the
months ahead.

CIRCLE 9 ON READER SERVICE CARD

DEVICE DESCRIPTION DEVICE

PD7400 Quad 2 Input Pos. Nand Gate PD7453

PD7401 Quad 2 Input Pos. Nand Gate PD7454

with Open Collector Output PD7460

PD7402 Quad 2 Input Pos. NOR Gate PD7470

PD7404 Hex Inverter PD7472

PD7405 Hex Inverter with Open Collector Output PD7473

PD7410 Triple 3 Input Pos. NOR Gate

. PD7420 Dual 4 Input Pos. Nand Gate PD7474

¥ PD7430 8 Input Pos. Nand Gate =~ PD7475

PD7440 Dual 4 Input Pos. Nand Buffer PD7476

PD7450 Expandable Dual 2 Wide 2 Input PD7482

5 And-Or-Invert Gate  PD7483
PD7451 Dual 2 Wide 2 Input And-Or-Invert Gate PD7491A

DESCRIPTION

Expandable 4 Wide 2 Input And-Or-Invert Gate
4 Wide 2 Input And-Or-Invert Gate

Dual 4 Input Expander

JK Flip-Flop

JK Master Slave Flip-Flop
Dual JK Master Slave Flip-Flop

Dual D Type Edge Triggered Flip-Flop

Quad Bistable Latch

Dual JK Master Slave Flip-Flop with Preset and Clear

2 Bit Binary Full Adder
4 Bit Binary Full Adder
8 Bit Shift Register

Need analog MSI ?

Gall a Philco Hybrid Hunter.

The Electronic Engineer ¢ Feb. 1970

Want to microminiaturize a circuit now
designed for discrete components? Need
more voltage, current, or power capa-
bility than you can get from monolithic
integrated circuits?

Then you need an AMSI by Philco. Here’s
an example of an AMSI hybrid circuit now
in volume production at our Spring City
hybrid facility. It's a triple detector cir-
cuit, contained in a 1 x l-inch all-her-
metic flatpack made by Philco-Ford. Look
what's inside:

e 13 thick-film resistors, in values from
3.9K to 182K ohms. All resistors are
19% tolerance, low TCR.

e 6 capacitors, in values from .033 to
.33 ufd. All capacitors 1% tracking
with temperature.

e 19 active PNP and NPN devices, with
Vbe and Vce matching +5 millivolts.

When you need AMSI, call a Philco Hybrid
Hunter. Just show us your circuits. . .and
give us a month. We'll have prototype
hybrid circuits on your desk. They will
be ready for productionin one of the most
experienced hybrid facilities in the country.
And they will be priced competitively.

CIRCLE 10 ON READER SERVICE CARD
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GLASS ENCLOSED

ANPERITE

Thermostatic
DELAY RELAYS

i

AMPERITE
DELAY
RELAY

AMPERITE W |
DELAY
RELAY

Offer true hermetic sealing
-assure 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

AMPERITE

BALLAST
REGULATORS

Hermetically sealed, they are
not affected by changes in alti-
tude, ambient temperature
(—50° to --70° C.), or humid-
ity .. . Rugged, light, compact,
most inexpensive.

List Price, $3.00

Write for 4-page Technical
Bulletin No. AB-51

VOLTAGE OF 24V ! WITH AMPERITE
BATTERY & CHARGER | VOLTAGE VARIES
VARIES APPROX. , ONLY

30% | 2%

AMPERITE

600 PALISADE AVE., UNION CITY, N.J.
Telephone: 201 UNion 4-9503

In Canada: Atlas Radio Corp., Ltd.,
50 Wingold Ave., Toronto 10
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BAY SOUNDINGS

“One picture is worth a thousand
words.” “As pretty as a picture.” And
so forth. But whatever else a picture
may be, this one happens to be proof
that cap is alive and well at Fairchild
Semiconductor.

We saw this photo during a recent
visit there and thought the pretty col-
ors would interest our artist types. But
we also spoke with Control Data Corp.
to find the story behind the picture.
And the story, it turned out, proved
once more the adage (terribly para-
phrased) that “Behind every beautiful
picture stands an ambitious technical
program.”

You're looking at a Micromatrix de-
vice which Fairchild calls a 4659 dual,
8-bit, resettable latch. But this name
isn’t important, at least not to CDC,
which doesn’t call it that at all. To
CDC, the circuit is one of five—file
register, 1/0 register, timing chain,
adder, and a high fan-in—built spe-
cially for their Alpha I computer
system.

The fourth-generation Alpha I is a
CDC-developed machine for military
applications in on-line, sensor data
processing. CDC claims that the Alpha
family—with its extensive use of LsI
devices—represents a significant ad-
vance over present militarized comput-
ing systems.

OK, but how did Fairchild get into

the act? Well, computers don’t just pop
up overnight. Alpha I started about
three years ago, and CDC’s original
survey resulted in Westinghouse’s be-
ing named as the device supplier.
Westinghouse, you may recall, depart-
ed the 1c business a bit more than a
year back. And left CDC holding the
bag.

What then? Why, another survey of
course, to find a new source for the
Westinghouse - designed arrays. Inter-
estingly enough, Texas Instruments
no-bid the job. and Signetics ended up
with a “qualified” no-bid. But Motor-
ola, Fairchild, Raytheon, and Solid
State Scientific did make offers. These
suppliers were bidding on new devices
as far as they were concerned (except
that for Fairchild, two arrays were
modifications of existing Micromatrix
designs). All bids were pretty much
bunched, which is also interesting, but
CDC felt that Fairchild had an engi-
neering edge over the other bidders,
and had fewer bugs to work out.

Fairchild has already delivered fif-
teen prototypes of two devices. The
devices are per the specs, they work
well, and CDC is happy again.

LN FQrunonn

Western Editor—San Francisco
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12 VOLT MSI

FOR HIGH NOISE IMMUNITY LOGIC
ARRAYS TRY A SHOT OF THESE:

* 371 DECADE COUNTER

Consists of four ripple-connected binaries and
necessary gating capable of operating up to

2 MHz typically. It generates the standard 1248
BCD code on its outputs.

s 372 HEXIDECIMAL (- 16) COUNTER

Except for the internal connections which produce
the count sequence, this element is similar

to the HNIL 371. A fifteenth count gated output

is available.

¢ 380 BCD TO DECIMAL DECODER

Used to decode the BCD 1248 code of the 371 or
similarly generated inputs and produces

a low (saturated) level on one of its ten outputs.
These outputs can sink up to 60 ma and

can operate from a 30 volt source. It produces no
ambiguous outputs.

Now that we’ve overcome the versatility gap, HNIL
is clearly the best logic buy for systems
required to operate in noisy environments.

Check these advantages over low level logic:
— Elimination of system noise problems

— Elimination of low level supply

— Elimination of interfacing circuitry

— Direct lamp and relay drive capability

(200 ma at12V)

— Lower overall system cost

QUALITY IN

“W TELEDYNE

AMELCO

Check this versatility:*

301CJ Dual 5 Buffer 2.05*

302CJ Quad 2 ‘Or’'able Buffer 2.25
303CJ Quad Input Interface  2.25
312CJ Dual JK 4.80

321CJ Quad 2 Gate 1.85

325CJ Dual 2, Dual 3Gate 1.85
342CJ Dual One-Shot 4.80

370CJ Quad D Flip Flop 4.80
371CJ Decade Counter 12.00
372CJ Hexidecimal Counter 12.00
380CJ BCD Decoder 10.00

+ 8 more

* Price for silicone dip at 100 quantity. Also,
available in ceramic dip for both the military and
industrial market at increased pricing.

By the way, we know there’s more to noise
immunity than voltage thresholds. Like transmitting
and receiving impedances. Noise power,

that's the name of the game! And we give it a full
treatment in our new application note. So,

if you want to find out about noise and forget it at
the same time, send for the HNIL Application

note and design with HNIL elements. In the long
run, you'll save a fortune. After all, malfunctions
aren’t free either.

Second Source:

We’ve solved the second source problem by
licensing Solid State Scientific, Inc. For
information call or write (215) 855-8400,
Montgomeryville, Penn. 18936

UANTITY

AMELCO SEMICONDUCTOR

1300 Terra Bella Ave., Mountain View, California (415) 968-9241 - Westwood, Massachusetts (617) 326-6600

Orlando, Florida (305) 423-5833 - Ridgefield, New Jersey (201) 943-4700 - Des Plaines, lllinois (312) 439-3250
Anaheim, California (714) 635-3171- Wiesbaden, Germany 372820




Opportunities for

RADAR

SYSTEMS
ENGINEERS

Expanding activity on long-range
programs and advanced projects has
created stimulating assignments for
Radar Systems Engineers qualified in
the following areas:

ANALYSIS & FUNCTIONAL DESIGN
These openings involve generation of
system design requirements and spe-
cifications, analysis of system per-
formance and technical design coor-
dination. Experience is required in
doppler, monopulse or high-resolution
radar systems; background in signal
processing or clutter analysis is
desirable.

TEST & EVALUATION

Immediate assignments are available
involving performance of radar sys-
tems, integration and evaluation tests,
analysis of test data and recommen-
dation of appropriate design action.
Radar systems test and evaluation
experience is very desirable; hard-
ware design, flight test or field engi-
neering experience will also be con-
sidered.

CIRCUIT & PRODUCT DESIGN
These positions involve the circuit or
product design and development of
advanced radar hardware compo-
nents, including antennas, transmit-
ters, receivers, signal and data proc-
essors, range/velocity/angle trackers,
compression circuits and power sup-
plies. Experience with digital/analog
micromin circuits is desirable.

For immediate consideration, please
airmail your resume to:

MR. ROBERT A. MARTIN
Head of Employment
Hughes Aerospace Divisions
Dept. 51

11940 W. Jefferson Blvd.
Culver City, Calif. 90230

HUGHES AIRCRAFT COMPANY
AEROSPACE DIVISIONS

An equal opportunity employer—M & F

U.S. citizenship is required.

WELCOME

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

Mostek and Sprague:
A dynamic duo

Mostek Corp., a new advanced elec-
tronic components supplier that spe-
cializes in the design and manufacture
of Mos/LsI circuits, possesses profes-
sional engineering talent which prom-
ises to make it a fighting competitor
in its field.

The story began back in March of
1969 when L. J. Sevin and Louay
Sharif, formerly of Texas Instruments
where they formed the core of the
Mos group, ,;sought the help of New
Business Resources in Dallas as a mid-
wife in securing capital and manage-
ment skills to set up a new firm. The
result was a joint venture agreement
between Sprague Electric Company
and Mostek. Mostek agreed to estab-
lish its 15,000-sq. ft. manufacturing
center in the 1c facilities of Sprague in
Worcester, Mass., and was given ac-
cess to Sprague’s research and develop-
ment efforts and its sales force. The
design and marketing center was estab-
lished in Dallas, Texas, and plans for
a second manufacturing center in Dal-
las are under way.

Louay Sharif, formerly manufactur-
ing manager with Texas Instruments,
will hold the same position with Mos-
tek. L. J. Sevin served previously with
Texas Instruments as engineering man-
ager and will now be department man-
ager of the Mos division. According to
Berry Cash, marketing manager, “Mos-
tek offers a highly-qualified, well-ex-
perienced staff with excellent engi-
neering talent directed toward custom
business. It is difficult to compare our
products with those of other com-
panies, for Mostek’s strength lies in
custom design and custom services
rather than catalog products. Emphasis
will be placed on an understanding of
system problems, imaginative MOS/LsI
designs, and the pursuit of custom
business.”

Mostek has designed 16 different
MOs arrays since June. Half of these
designs are featured in catalog prod-
ucts, and half in custom business. Ini-
tial marketed products include a ran-
dom access memory (256 bit—256
words x 1 bit per word); a read only
memory (character generator, 64 char-
acters, 5 x 7 dot matrix) ; shift registers
(dual 128 bit static accumulator and
dual 256 bit dynamic accumulator);
and an asynchronous buffer memory
(32 words x 8 bits per word, serial or
parallel input, serial or parallel out-
put).

Mostek is very satisfied with the
progress of its companv and with its
reception by Sprague. The agreement
comfortably complements both parties,
for while Sprague enjovs the addition
of a new line of Mos products, Mos-
tek secures the benefits of Sprague’s
wide semiconductor technology, facili-
ties and business services.
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From hybrid circuits
to linear testing

Nova Devices Inc., a private cor-
poration, is housed at 15G Sixth
Road, Woburn, Mass. Only a few
months old, the company is presently
involved in custom chip and wire
production of thin- and thick-film hy-
brid circuits. Its sphere, however, also
encompasses a specialized testing and
evaluation service for linear ics, util-
izing a computer-controlled system
that was specifically designed to test
linear devices. The equipment has the
capability of automatically testing and
computing distributions of standard
linear IC circuit parameters as well as
calculating their drift coefficients. The
company already has some contracts
to do sophisticated testing for tem-
perature classification, incoming in-
spections and comparative evaluations
of circuits made by second sources.

In the near future, Nova plans to
begin producing high performance
amplifiers and A-D and D-A converters
for both military and commercial ap-
plications. It also plans to do auto-
mated probing of 1c at elevated tem-
peratures which would eliminate much
of the rework now necessary in the
production of military hybrid circuits.
The company’s first product, expected
to be available by the end of January,
will be a hybrid FET op-amp.

The founders of Nova Devices, Inc.
have experience in both the systems
and solid-state worlds. Two of them,
Douglas R. S. Sullivan and Robert C.
Petersen, were respectively operations
manager for linear ics and in charge
of all manufacturing of linear Ics at
Transitron Corp. The third founder,
Dr. M. A. Maidique, was a consultant
at Transitron and other firms in the
Boston area on linear circuits and
their applications. The combination
of microcircuit background with em-
phasis on thin- and thick-film proc-
essing and circuit design background
seems a promising one for this new
firm.

Circle 363 on Inquiry Card
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Our past can forecast your
FUTURE.

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

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.
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Getting rich

Getting rich or bust! Four experts who've had
the course tell you about forming your own company—

what to do; what to avoid; and what you should be.

John McNichol, Assistant Editor

Dr. K. C. Black outdid himself as ringmaster in the big
center ring of the IEEE’s NEREM annual Wednesday
evening get-together. Dr. Black of the Scientific Analy-
sis Corp. was able to assemble four speakers on “The
New Enterprise—Its Life Cycles,” who put on, if not
the greatest show on earth, certainly the hit of the meet-
ing.

The Providence Ballroom was packed with entre-
preneurs, would-be entrepreneurs, and those with
dreams of glory, eager to hear pearls of wisdom (and
affluence) from the four speakers: Nicholas DeWolf,
Teradyne, Inc.; Dr. Robert H. Brooks, Harbridge
House, Inc.; Malcolm Hecht, Unitrode Corp.; and Dr.
Edward B. Roberts, MIT’s Sloan School of Manage-
ment.

Geronimo-0-0-0

As co-founder, president and director of Teradyne,
which was founded in 1960, Nick DeWolf has had
ample time to evaluate the pitfalls of starting your own
firm. Even if the prospective entrepreneur should have
a brilliant idea (one that justifies production and is
marketable), burning ambition and ready financing,
DeWolf contended that he should analyze his own
motives. Stating that the main reason for starting your
own firm is “ego motivation, not simple greed,” DeWolf
categorized some of the subliminal motives as:

* The need to be fashionable

30

The desire to be rich
The fatherhood instinct
Inability to get along with others
A good idea
The need for a sex substitute

In addition to the importance of sorting out your
personal reasons and determining if they will sustain
you over the long haul, DeWolf made a series of spe-
cific observations:

e Partners: “It’s terribly important to get a good one
who can handle the areas where you are deficient.”

* Ethics: “I can’t emphasize too strongly that you
establish a set of ethical ground rules and be pre-
pared to follow them for the rest of your visible,
public career. It’s very difficult to switch in mid-
stream.”

* The Acid Test: “Within that crucial three years
you’ll be busted or on your way.”

¢ Advice: “If you know you’re an entrepreneur, go
ahead. But if you haven’t started something by
now, be careful, you may have more trouble
than you suspect.”

* The Silent Generation vs the SDS: “The country
seems to have weathered the Silent Generation
and, I suspect, the new hippie generation will be
much better entrepreneurs. I've interviewed mem-
bers of the Silent Generation—just out of college
—who first ask me when they apply for a job
about our pension plan.”

After the conference, DeWolf was besieged by pros-
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‘“The New Enterprise—Its Life Cycles” was this year's
Wednesday’s evening entry at NEREM. Organized by Dr.
K. C. Black, Scientific Analysis Corp., the session was di-
vided into four talks by experts on various phases of the
high technology entrepreneur and firm. Not pictured here
is Nicholas DeWolf, Teradyne, Inc., who held forth on the
dangers of ‘‘going it alone.” Dr. Black (left) is seated next
to Dr. Robert A. Brooks, Harbridge House, Inc., who spoke

pective entrepreneurs asking for appointments to dis-
cuss their plans. After talking with them, he noted that
most of them were about 30 years of age, “the magic
age.” If they’re older, their kids are too old for him
to make the move; if they’re younger, they don’t have
enough experience or wherewithal.”

DeWolf guessed that in half of the cases he had
talked the potential businessmen out of their dream.
“They would be miserable; they would have problems
with their wives and kids; and, to top it off, they
wouldn’t get rich. It's much easier to lose as an em-
employee of a large company. You don’t have that
much to lose; your car wouldn’t be taken away from
you.”

Winding up with a series of perceptive comments,
DeWolf observed:

* “You can’t make an entrepreneur, but you can
absolutely crush one. Well, one way to do it is too
much education. There’s too much formality, too
much indoctrination, too much systemization—
all of which destroy initiative.”

e “By and large, technologists are miserable sales-
men and, if you're not a good salesman, you might
as well forget it.”

* “You must have staying power. You must be able
to negotiate, negotiate and negotiate until your
opponent cries ‘Uncle.” In my own case, poker
playing in college was probably the most important
single education I had in my life; we used to play
for 12-hour stretches.”
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on the survival of the entrepreneur as the business changes.
Malcolm Hecht, Jr., Unitrode Corporation (right center),
talked on the possibilities of continuing the entrepreneurial
spirit by encouraging new businesses to start within the al-
ready existing corporate structure. Seated at the right, Dr.
E. B. Robeits of the MIT Sloan School of Management
analyzed the various characteristics of the successful high
technology entrepreneur.

Shifting gears

Dr. Robert A. Brooks, formerly Assistant Secretary
of the Army and now president of Harbridge House,
addressed himself to the survival of the entrepreneur as
opposed to the company’s survival, “because companies
are like angels: immortal and slightly uninteresting.”

Dr. Brooks called for realism on the part of the
technical entrepreneur to meet the second and most
dangerous phase in the life of the company. Observing
that as the first phase ends, which was a technically
innovative and more casual period, the emphasis shifts
to maintaining administrative functions to support the
continuance of the product or service that by now
should be firmly established. To meet this shift in em-
phasis, the entrepreneur can adopt any one of several
strategies to handle the management of his business:

e He can do it all himself

e He can get out of the enterprise when the busi-

ness role, as opposed to the technical role, be-

comes paramount.
¢ He can choos associates to aid him in this man-

agement phase.

Since, in most cases, the first option is self-defeat-
ing; the second option is painful at best; and the third
implies a certain loss of control, Dr. Brooks pro-
pounded a “new Parkinsonian law, or a ‘Son of Parkin-
son’s law,”” that goes more or less like this:

Any technical innovator who is successful in starting

a new company will lose operating control of it.

Mentioning such examples as Bill Lear, and others,
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who could not adopt the proper management attitudes,
nor were they content to remain in a lesser role, Brooks
suggested a corollary to the Son of Parkinson’s law.

Any engineer or scientist with sufficient drive, ego,

and self-confidence to start a company will have too

much of these same qualities to voluntarily relinquish
control at the proper time.

Despite the bleakness of the outlook for our budding
entrepreneur, Dr. Brooks noted that the corollary has
a silver lining: when the businessman “is dethroned, or
possibly tossed out the front door, he is quite often
accompanied by a large bag of money.” He continued
that this might be the “most profitable business strategy
for the technical entrepreneur” since he can go through
the whole cycle two or three times.

Dr. Brooks offered the engineer an alternative—‘‘sur-
vival, even with reduced control,” within his own firm.
If the technical innovator is unusual, he may be able
to make the transition from the first phase to the second
phase of operating the company. Too often, “engineer-
ing curricula, both graduate and undergraduate, are
structured for the most part on the assumption that
their products will be technicians for the rest of their
lives.”

If he decides that he can’t make the transition, then
the entrepreneur should choose someone with a proven
track record in the production-distribution phase in a
similar firm, or someone who has made a reputation
marketing new products within a large firm, or, least
desirable, a staff expert with a brilliant record in ad-
ministration or finance. A further complication is tim-
ing, bringing in this partner at the beginning, which
has it dangers, or later when the scientist-businessman is
up against the wall.

Dr. Brooks concluded by suggesting that ‘“these
strategies imply planning and action before he (the en-
trepreneur) is overtaken by events. If he does not act
in this sense, he will be most surely acted upon.”

Reproduction

If the high technology company is able to clear the
hurdles Dr. Brooks mentioned, Malcolm Hecht, Jr.,
chairman of the board of Unitrode Corp., suggested
that it might be faced with a new set of challenges. The
company, which had succeeded despite its high risk
birth, settles down to a stodgy and more comfortable
existence. The penalties for this middle-aged outlook
are loss of new product ideas and personnel, and a
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Dr. E. B. Roberts: ‘“After
40 you won't form
your own business be-
cause you're locked in
with friends, the pen-
sion fund, and besides,
the car pool would be
difficult to break up.”

flattening out of the growth curve.

Speaking from his experience with Unitrode, Hecht
recommended that “the entrepreneurial fires be kept
burning” by assisting new firms to get started under the
roof of the parent company. As a result, both the parent
firm and the new entrepreneur will realize “ego satis-
faction and financial rewards.”

Hecht listed the following criteria as essential for
Unitrode to support the new venture:

* The product must be allied to a product that the
parent company understands. “It may be” back-
ward integration into a raw material area or a
forward move into a more complex product.”

* The potential entrepreneur must understand the
technology and the market place.

* The concept must have a large enough potential
to survive on its own.

e Most importantly, the new entrepreneurs must be
not only good idea men, but good managers.
“They must have integrity, hungry motivation, a
certain amount of meanness, and the ability to take
an overall look at the business.”

Hecht went on to list five items that backers should
furnish the new entrepreneurs: money; long term com-
mitment; understanding and patience; some central
services, such as legal, financial patent and personnel
help; and management help. He suggested that these
new businessmen talk to other entrepreneurs who have
recently been through the process themselves.

As an example of how these theories may be turned

Malcolm  Hecht, Jr.:
“Entrepreneurs must
have integrity, hungry
motivation, a certain
amount of meanness,
and the ability to take
an overall look at the
business.”
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Nicholas DeWolf: “By
and large, technologists
are miserable salesmen,
and, if you're not a good
salesman, you might as
well forget it.”

into reality, Hecht cited Unitrode’s experience with
Powercube Corp., a subsidiary that they helped to form
about two years ago. Powercube, maker of miniature,
high power circuit modules, offered a patentable de-
sign, used some of Unitrode products, and appeared to
offer an “exciting” market. Hecht continued that “we
understood the market and liked the individuals” (for-
mer Unitrode employees). Agreeing with DeWolf that
the first two or three years were the most crucial, Hecht
stated that as the product showed a strong sales curve,
Unitrode’s experiment with Powercube has been a
great success.

Our hero

Finally, Dr. Edward Roberts, who is with the Sloan
School of Management at MIT as well as being a con-
sultant, spoke on some aspects of the typical base com-
pany and what makes a high technology firm succeed
or fail.

Perhaps most interesting was the picture that emerged
from statistics on the typical entrepreneur. Dr., Rob-
erts was able to point out certain characteristics that
engineer-businessmen seemed to have in common.

The typical entrepreneur is young — averaging 32
years when he starts his firm. The youngest was a
wunderkind of 24 and the oldest were two retiring MIT
professors who set up their respective firms at 65.

Analyzing the sample, Dr. Roberts commented that
by the time a man reaches 40, he will have started his
own company or never do it. After that it is extremely

Dr. Robert A. Brooks:
‘““Any technical innova-
tor who is successful in
starting a new company
will lose operating con-
trol of it.”
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unlikely that the engineer will take the plunge, not be-
cause of lack of drive or talent, but because it calls for
total commitment and great vitality to get the new
venture off the ground. “Family and societal ties are
too strong; you’re locked in with friends, the pension
fund, and besides, the car pool would be too difficult
to break up.”

The second feature was the quality of education.
Most entrepreneurs have a Master’s degree, which is
usually in engineering. There are some PhD’s, “but
they’re better off at the university, because the typical
PhD doesn’t succeed that well as an entrepreneur.” Dr.
Roberts noted further that a degree — particularly a
graduate degree—is highly important for the scientist
(disagreeing with Nick DeWolf’s premise) in order
that he may both make his own contributions and un-
derstand the proposals of others to the technology.

Thirdly, Dr. Roberts stated that the average entre-
preneur comes from a developmental background as
opposed to a research background. “The successful
entrepreneur has been mixing it up with the application
of knowledge, not the creation of knowledge.”

After the ball was over

Aside from the obvious interest produced by a ses-
sion that promises riches to the audience (it was by far
the best attended session at NEREM), it was evident
that most engineers present were keenly interested in
the mechanics of setting up their own company, and
making it work. Although some were starry-eyed young
men relishing the thoughts of a bright future, many
had very clear and hard-nosed ideas about a product
they wanted to make on their own; some were already
taced with the problems of meeting a payroll.

Will they make it? More than 90% of them will
never get off the ground, according to the concensus.
Of these, many will not go beyond the talking stage,
and the rest will fail to convince venture capital firms
to lend them money. Of the less than 10% who will
raise capital (some from friends and relatives, some
from capitalists, some from both sources), about 80%,
says Dr. Roberts, will be successful.

If you are in the 10%, you have our best wishes and
an excellent chance.

INFORMATION RETRIEVAL

Careers
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a complete digital system

for:

DIGITAL
ELECTRONICS
FOR
SCIENTISTS

« circuit breadboarding
« customized digital instruments
» learning digital, techniques

HEATH 801 Dlgltal System...

buy the complete system or discrete components

Now . . . A Complete System to Enable You
to Get the Most Out of Digital Electronics.
Here is a system that is revolutionizing
instrumentation in labs and classrooms
throughout the world. The basic design con-
cepts of Professors H. V. Malmstadt and
C. G. Enke combined with the engineering
of Heath’s scientific instrument group have
resulted in the unique 801 Analog Digital
Designer (ADD) and the EU-51A bread-
board and parts group. This versatile sys-
tem can perform equally well in constructing
high performance research-quality instru-
ments, in performing hundreds of experi-
ments in the teaching laboratory, in rapid
testing of new digital ideas, or in interfacing
to computers.

Start . . . By Learning the New Digital Elec-
tronics. Drs. Malmstadt and Enke have
written a pioneering new text “Digital Elec-
tronics for Scientists” (published by W. A.
Benjamin, Inc.) that provides a systematic
introduction to the digital circuits, concepts
and systems that are basic to the new in-
strumentation — computation revolution.
The book is written for engineering and
science students and for practicing engi-
neers, scientists, and technicians so that all
may effectively utilize the startling recent
advances in digital electronics.

Never before have the latest “‘state-of-the-
art” methods been made so rapidly and
conveniently accessible through an inte-
grated combination of new text and versa-

FREE Heath Scientific

|
; |
Instrumentation Catalog |
Describes these I
and other pre-
cision instru- |
ments for labo- I Name
ratory, engineer-
ing, education |
|
|
|
|
1

ot ﬂ and R & D ap-
o

plications. Send

HEATH COMPANY, Dept. 580-25
Benton Harbor, Michigan 49022

[J Please send FREE Heath Scientific Instrumentation Catalog

*Mail Order Prices; F.0.B. Factory

tile equipment. The experimental section of
the text is written specifically for utilizing
the Heath 801A and 51A to provide ex-
perience and working knowledge with hun-
dreds of digital and analog-digital circuits,
instruments and systems.

Write . . . for Complete Information on
Cards, Modules and Parts in the Heath
Digital System. The basic Analog-Digital
Designer (EU-801A) contains 3 modules
(power supply, binary information, and
digital timing) and 13 circuit cards includ-
ing TTL gates, flip-flops, monostable MVs,
relays, op amps, and V-F converter. The
EU-51A Experimental Parts Group is a
highly flexible breadboard system for cir-
cuit design and teaching. The group in-
cludes a desk chassis, 493 components, a
patch card accepting these components, and
a power patch card.

The system is open-ended. New cards and
modules are continuously being introduced
SO you can construct your own special fre-
quency meters, counters, timers, DV M's,rate
meters, and many dozens of other in-
struments.

Take ... advantage of the digital revolution
— order your Heath Digital System now.

EU-801A, Analog-Digital Designer.. . ..$435.00%
EU-51A, Experimental Parts Group...... $135.00*
EUP-19, text “Digital Electronics For Scientists’
by H. V. Malmstadt and C. G. Enke (published by
W. A. Benjamin, Inc.).. b . o0 . $9.60*

a Schlumberger company

Address. .o o0 . TN SRR - S

— —=F for your FREE
copy now ... just write on your City State__ = L s
school or company letterhead. Prices and specifications subject to change without notice. EK-278
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Here is your
copy of a brand new

reference chart
D 4

Guide
to

INTEGRATED
CIRCUITS

Tear it out, ’

NOW

. ..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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PRODUCT SEMINARS

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

Operator’s Seminar: Feb. 16-20, Can-

ton, Mass. Geared toward the use and

operation of Instron’s precision ma-

terials and testing instruments. Instron

Corp., Instron Training Center, 2500

Washington St., Canton, Mass. 02021.
Circle 364 on Inquiry Card

Communications ICs Application Sem-
inar: Feb. 17, Phila., Pa. The day
before the International Solid State
Circuits Conference The Electronic
Engineeer magazine will sponsor a
seminar highlighted in the morning by
six papers on the new 1cs for commu-
nication (i-f limiters, agc amplifiers, rf
amps, etc.) and in the afternoon by a
“hands on” workshop session. For in-
formation, price and registration forms
see page 123.

Maintenance Seminar: Feb. 23-27,
Canton, Mass. Geared towards the
care and upkeep of Instron’s precision
materials and testing instruments. In-
stron Corp., Instron Training Center,
2500 Washington St., Canton, Mass.
02021.
Circle 366 on Inquiry Card

Operation and Maintenance 7600
Magnetic Tape System: Mar. 2-6,
Denver, $180. Requires a strong elec-
tronics background with emphasis on
solid state circuitry, familiarity with
modulation/demodulation techniques,
filters and digital circuitry. The objec-
tive of the course is to prepare the
operator/technician for operation,
calibration and repair of the complete
tape system. Honeywell Inc., Test In-
strument Div.,, Box 5227, Denver,
Colo. 80217.

Circle 367 on Inquiry Card

General Instrument Seminar: Mar.
2-13, North Wales, Pa., $100. Sub-
jects in this program are presented
from the viewpoint of equipment
usage in industry. Discussions and
workshop experiences on both meas-
urement and control of such regulated
process variables as temperature, pres-
sure, flow, pH and conductivity con-
tain both practical and theoretical
subject materials. Leeds & Northrup
Co., Sumneytown Pike, North Wales,
Pa. 19454.
Circle 368 on Inquiry Card
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JGH::

dc Series Voltage Regulator
@Ulitmﬂ,egwwm!

Solitron has introduced a new dc voltage
regulator which establishes unique regulation
characteristics in a hybrid high reliability
circuit. Features of the HCCA 100

regulator are:

i —~Regulation of .059; max., .019 typical,
no load to 1.0 Amp

;/'Voltage range 8V to 50V

;/Temperature coefficient less than .00595/°C
[ _Maximum output current of 3.0 Amps

[ 25 Watts dissipation with heat sink

‘ _Hermetically sealed package

Dial 1-800-327-3243 for a ‘“No Charge”
telephone call and further information.

[olitron

DEVICES, INC.

1177 BLUE HERON BLVD. / RIVIERA BEACH, FLORIDA
(305) 848-4311 / TWX: (510) 952-6676
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IN less than one second

puve got

Permanent gas-tight

electrical connections
with Gardner-Denver

@ine-Wnap toois

These light, quiet air tools wrap wires at a high rate of
speed for solderless connections that are permanent, gas-
tight, and reliable. Model 14XL1 weighs 1315 ounces,
takes bits and sleeves for 20 through 32 gauge wire.
Pneumatic Wire-Wrap tools have pistol grip or straight
handles. Or you may prefer our clectric-powered models.
Or the model with rechargeable battery. Manual wrapping
and unwrapping tools are available for service kits. Bul-
letin 14-1 describes them all. Write for your copy today.

GARDNER-DENVER

Gardner-Denver Company, Quincy, Illinois 62301

*Registered Trademark







For a high-reliability light source, the
Tung-Sol baseless cartridge lamp is
about as simple as you can get. Elimi-
nation of cemented-on bases removes
two potential failure sources while
lowering cost. There are no anchors
to generate noise and no soldered
connections. Design permits use of
an inexpensive clip-type mounting
bracket which achieves low silhouette.
Can be supplied in 6 v. and 12 v.
types. Complete information and ap-
plication assistance available. Write
for catalog A-21. Tung-Sol Division,
Wagner Electric Corporation, 630 W.
Mt. Pleasant Avenue, Livingston, N.J.
07039; TWX: 710-994-4865, Phone:
(201) 992-1100; (212) 732-5426.

TUNG-SOL

BASELESS
CARTRIDGE
LAMP

TUNG-SOL—WHERE BIG THINGS
ARE DONE WITH SMALL LAMPS

® Trademark TUNG-SOL Reg. U.S. Pat. Off.
and Marcas Registradas

Circle 29 on Inquiry Card

How to Make Money with ICs: Feb.
16-19, Phoenix, $500. As an indepen-
dent consulting company, ICE is able
to present the pros and cons of proc-
essing and fabrication techniques as
practiced throughout the 1c industry.
With this knowledge the attendee may
relate these practices to those at his
company and apply the most desirable
practices effectively. ICE Corp., 4900
East Indian School Rd., Phoenix,
Ariz, 85018.

Electronic Components: Feb. 19-20,
Univ. of Wisconsin, $70. Under the
supervision of John T. Quigley. Uni-
versity Extension, Univ. of Wisconsin,
Dept. of Engineering, 432 North Lake
St., Madison, Wis. 53706.

Reliability: Feb. 20, Phoenix, $175.
This one-day course follows (but is
not an immediate part of) ICE’s four-
day basic engineering course, and of-
fers material more directly associated
with the background and job assign-
ment of each student. ICE Corp., 4900
East Indian School Rd., Phoenix, Ariz.
85018.

MOS Layout: Feb. 20, Phoenix, $175.
This one-day course follows (but is
not an immediate part of) ICE’s four-
day basic engineering course, and
offers material more directly associ-
ated with the background and job
assignment of each student. ICE
Corp., 4900 East Indian School Rd.,
Phoenix, Ariz. 85018.

Design/Fabrication: Feb. 23-Mar. 20,
Phoenix, $10,000. Each student will
design and make his own bipolar ic
using the shallow diffusion process.
Designs are brought from schematic,
through computer-aided mask making,
to processing and finished package.
This is an opportunity to design a
completely functional circuit meeting
specific requirements; all materials
and facilities are provided. ICE Corp.,
4900 East Indian School Rd., Phoenix,
Ariz. 85018.

Integrated Circuits, Bipolar and MOS:
Feb. 23-25, Houston; Mar. 23-25,
Washington, D.C.; $295. Emphasizes
the selection and specification of cir-
cuit types. The program makes a point
of identifying design limitations of
digital and linear 1cs for you, and will

help you to recognize the differences
between 1Ccs and their discrete
counterparts. RCA, Institute for
Professional Development, Box 962,
Clark, N.J. 07066.

Optical Character Recognition: Feb.
23-25, New York, $250. C-E-I-R
Inc., Sub. Control Data Corp., 5272
River Rd., Washington, D.C. 20016.

Optical Systems Engineering: Feb.
23-27, New York; Mar. 16-20, Ro-
chester; $395. Four major aims are the
basis for this seminar: to present to
you the latest concepts and tools for
the analysis and synthesis of optical
systems; to provide you with an under-
standing of optical system design
parameters; to introduce data neces-
sary for interfacing systems; and to
give you a working foundation of
skills for optical system design. RCA,
Institute for Professional Develop-
ment, Box 962, Clark, N.J. 07066.

Applied Communication Systems Anal-
ysis: Feb. 24-March 5, Tampa, Fla.
If you are engaged in the design or
management of communication sys-
tems, this course will be of interest to
you. Its purpose is to provide you with
a broad view of the principles of com-
munication systems design. Topics to
be covered include radio propagation,
information theory, analog and digital
modulation and coding. Dr. George
W. Zobrist, Dept. of EE., Univ. of S.
Fla., Tampa, Fla. 33620.

Selection of Time-Sharing Systems:
Feb. 25-27, Minneapolis, $250.
C-E-I-R Inc., Sub. Control Data
Corp., 5272 River Rd., Washington,
D.C. 20016.

Digital Systems Engineering: Mar.
2-6, Detroit, Mich.; Mar. 9-13, Hunts-
ville, Ala.; $390. Here is a program
designed to help you obtain an under-
standing of digital design principles.
In addition to studying the central
processing unit of a digital computer,
you will be introduced to interfacing
techniques which involve such sub-
jects as sampling theory, analog-to-
digital and digital-to-analog conver-
sion, as well as modern encoders. RCA
Institutes, Institute for Professional
Development, Box 962, Clark, N.J.

07066. ,
Continued on page 51
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P. C. board courtesy of
Monitor Systems
an Aydin Company

Pick your own
happy ending.

keep, a low contact
resistance and high current:
capacity. And they’re
exceptionally resistant to
shock and vibration.

Several members of our |
p.c. connector family come
with our Varilok ™ contact. These
have all the advantages of the Varicon

contacts — except that you can insert
and remove them from the receptacle yourself.

They’re available by the handful for small scale
production and on 1800-contact reels for use with
automatic crimping equipment.
They’re all described in our printed circuit connector

guide. To get your copy, write, wire, call or 2
TWX us. Elco Corporation, Willow Grove, @
Pa. 19090. (215) 659-7000. TWX 510-665-55673. L —

All good things, including circuit boards, must come to an end.
That’s where we come in. We've got the happy ending patented.
Four times. (Pat. nos. 2,248,686; 2,294,056; 3,182,276; 3,208,026.)
In all the configurations you need. Four plug styles. Ten receptacle
styles. For direct staking, or with their own insulator. With or
without card guides. With or without guide pins. With any number
of contacts (up to 135, on one triple-decker receptacle).
Every one meets Mil-E-5400 including the new revision
“K”, which makes metal-to-metal contacts mandatory.
Our Varicon'  metal-to-metal contacts are patented —
and famous, in their quiet way. Because, in millions
of operating hours, not one has failed.
The Varicon contacts have a unique
fork-like design, with four large, coined,
mating surfaces that form a firm
gas-tight seal. Even after being mated
for years, they remain clean and
unoxidized. They have, and




To make a Quad Latch that’s
both R/S and D compatible,

Fairchild’s new MSI 9314 Quad Latch is a versatile, high-speed
device that can be used in any application requiring a
single-input D-type latch or an R/S-type latch. It has no
undefined states in the R/S mode. Its unique multi-function
capabilities make it useful in a number of applications:

four-bit storage latches, contact bounce eliminators, multi-input active high
set/reset latches, counting and holding display systems, eight-bit

addressable latches, A/D con-

versions, zero and ones catching

storage.

The addition of this device to
our MSI family gives you

everything you need for just about
any latching application you

could name. Use the new 9314 for
maximum function versatility.
Or the 9308 Dual Four-Bit Latch

when minimum package count

is most important. Your Fairchild

Distributor has complete specs

on both MSI devices.

To order the 9314, ask for:

To order the 9308, ask for:

PART TEMPERATURE PRICE (100- PART TEMPERATURE PRICE (100-
NUMBER PACKAGE RANGE (1-24) (25-99) 999) NUMBER PACKAGE RANGE (1-24) (25-99) 999)
U6B931451X DIP —55°C to +125°C  $19.40 $15.50 $13.00 UB6N930851X DIP —55°C to +125°C  $25.40  $20.20 $17.00
U6B931459X DIP 0°C'to -+ T6°C 9.70 7.75 6.50 U6N930859X DIP 0°C to + 75°C 12.70 10.10 8.50
U41.931451X Flat —55°C to +125°C 21.35 17.05 14.30 U4M930851X Flat —55°C to +125°C 27.95 22.20 18.70
U4L.931459X Flat 0°C to + 75°C 10.70 8.55 7.15 U4M930859X Flat 0°C to + 75°C 13.95 11.10 9.35
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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 we looked 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
sort of versatility throughout our entire MSI line. ﬂsogi%z%z%ﬁity

Finally, we studied ancillary logic requirements and sasir
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 NE S : I 14
9328 —Dual 8-Bit
plan. A new approach to MSI Shift Register  ga0t 1 s o,
. . . Digital
that’s as old as the industrial revolution. - gd?fiv{egr.m
. . . v e —8-Inpu igi
It started with functional simplicity, Mulpleate

DECODERS AND

DEMULTIPLEXERS

extended through multi-use component parts, and
concluded with a sharp reduction in add-ons. 9301 —One-Of-Ten

Simplicity. Versatility. Compatibility. 515 -OneOl Ten.
Available now. In military or 9307 —SovasBazaons
industrial temperature ranges. presmeone R Deonds

In hermetic DIPs and Flatpaks. . 9006 —Decade U/, * Dacoder/Driver

. . . . 9310 —Decade Counter
From any Fairchild Distributor.

9316 —Hexidecimal
ENCODERS Counter
9318 — Priority 8-Input
Encoder

BRI PPN ST
FAIRCHILD
ettt e s
SEMICONDUCTOR

FAIRCHILD SEMICONDUCTOR A Division of Fairchild Camera and Instrument Corporation Mountain View, California 94040, (415) 962-5011 TWX: 910-379-6435
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Not everyone needs a multimeter that
can directly measure the
RMS value of a square wave.

Very few DVM’s can make a true RMS measurement of an
AC signal. Most of them use an average responding
converter that measures the average value of a waveform
and scales the signal to read in RMS units. It’s fast and
it’s inexpensive, but it has one major drawback. It’s
based on the average value of a perfect sinewave. Even
the waveform that looks perfect on the scope has
some distortion. As a result, the DVM can have a
1 to 3% error on a “perfect” sinewave, 5% error on a
sawtooth and up to 11% error on a square wave. !

The new Dana 5500/135 Digital Multimeter PR MR T P
features a new AC measuring technique that is so ke”
accurate that it will obsolete all average responding
DVM’s. We call it Computing RMS ™ .

Made from high speed analog computer building
blocks, it measures the RMS value of common
waveforms with 0.1% accuracy in 400 ms to 10uv
resolution, even in the presence of signal distortion
...without sacrificing cost...measurement speed...
sensitivity...low frequency response...or reliability. And eisicic s ety
when it’s not being used for AC measurements, you can turn !
it loose on dc volts, mV, or dc/dc ratio. Use the 10 ohm range
capability to measure relay contact resistance. Or check cable
continuity. Or handle other applications that require 100uohm
resolution without error caused by lead resistance.

However, it is possible that the 5500 is more or less multimeter
than you need. If that’s the case, don’t buy one. Buy one of our
32 others instead. We make them for labs and production lines,
for use on the bench and in systems, militarized models 4- and
5-digit, from $1150 to over $8000. (Actually, with our unique
plug in modules, you can create some 300 different configura-
tions. For every imaginable application. To fit every budget).

Which one suits you best? Ask for the decision maker. Our
free brochure.

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

DARNA .

Trademark of Dana Laboratories, Inc. (Patent pending)



COURSES

Logic Design: Mar. 2-6, Boston; Mar.
16-20, Phoenix; $395. You will be
provided with the numerical and
matrix tools required to select the
most straightforward, practical ap-
proach to digital circuit design. Cur-
rently available numerical and graph-
ical design methods will be illustrated
to increase your logic design effective-
ness. RCA, Institute for Professional
Development, Box 962, Clark, N.J.
07066.

Design of On-Line Computer Sys-
tems: Mar. 4-6, Minneapolis, $300.
C-E-I-R Inc., Sub. Control Data
Corp., 5272 River Rd., Washington,
D.C. 20016. .

Data Communications Systems: Mar.
4-6, Los Angeles, $250. C-E-I-R Inc.,
Sub. Control Data Corp., 5272 River
Rd., Washington, D.C. 20016.

Computer Operations for Third Gen-
eration Machines: Mar. 9-11, Min-
neapolis, $250. C-E-I-R Inc., Sub.
Control Data Corp., 5272 River Rd.,
Washington, D.C. 20016.

Design of Data Communication Sys-
tems: Mar. 9-12, New York, $325.
C-E-I-R Inc., Sub. Control Data
Corp., 5272 River Rd., Washington,
D.C. 20016.

Digital Communications: Mar. 2-6,
San Francisco; Mar. 9-13, San Diego;
$395. Develops the practical design
criteria of digital communication
hardware. Various modulation tech-
niques and optimum coding schemes
are presented. You will be introduced
to practical applications of infor-
mation theory in the field of digital
communications. RCA, Institute for
Professional Development, Box 962,
Clark, N.J. 07066.

Expanding Use of Computers in the
70’s: March 30-April 1, UCLA; $100.
The course will look at the many ways
in which the computer will affect so-
ciety during the next ten years: mas-
sive increases in the number of com-
puter installations in industry, the
economic impact of the effective use
of computers and the use of the com-
puter as an everyday control in finance
and manufacturing. Engineering and
Physical Sciences Extension, UCLA,
Box 24902, Los Angeles, Calif. 90024.
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TRANSZORB®

E STOPS TRANSIENTS COLD £

Dissipates 1500 watts of peak power, protects
voltage-sensitive ICs and components from
high-voltage surges

By popular demand, General Semiconductor
Industries, Inc., proudly introduces a new
74-unit TransZorb® series — 6.8V to 200V
(JEDEC types 1N5629 thru 1N5665A)

TransZorb® transient voltage suppressors dissipate
1,500 watts of peak power for 1 millisecond . . . protect
expensive integrated circuits and other electronic
components that can be permanently damaged from
over-voltage surges with durations as short as 30 nano-
seconds. A TransZorb® can actually handle 4500 watts
of peak power for up to .1 millisecond. TransZorb® is
effective whenever and wherever large voltage transients
threaten . . . in airborne applications . . . in rural or
remote areas subject to induced lightning . . . in mobile
electronic units. Ask for complete specifications now!

B 1500 watts peak power dissipation
M Available in ranges from 6.8V to 200V.

B Standard DO-13 axial-leaded package —
glass and metal, hermetically sealed.

FREE!Send us a request on your company letterhead,
with application, and we'll send you a TransZorb® of
your voltage selection for your particular application. All
standard RETMA voltages are available.

GENERAL SEMICONDUCTOR INDUSTRIES, INC.

230 W. 5th St., Tempe, Arizona 85281 Mailing address: P. O. Box 3077
Phone 602/966-7263 * TWX 910-950-1942
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The Industry’s broadest line of

The CMC Model 905 Frequency Meter has already
taken the country by storm. But why not. Where else
can you get 15-MHz IC performance, 5-digit readout,
a 1-MHz crystal oscillator, automatic trigger level,
simplified controls, and a convenient tilt-up stand —all
in a tiny package only 5-inches wide and 3V%-inches
high for only $395?

But maybe a frequency meter is not for you, and
what you need is a TIM. If so, why pay $600 to $800,
when the CMC Model 915 Time Interval Meter is
yours for just $450? It offers the same 1-MHz temper-
ature-compensated crystal oscillator as the Model 905.
It triggers on positive or negative going pulses, and it
can be operated in either a 1 ys or 1 ms mode, with a
range from O to 99,999. Measurement starts on the

A-input and stops on the B-input, and reset can be
accomplished even during the measurement operation.

Or look at the third little member of this low-cost
family — the Model 925 Electronic Totalizer. The 925
input frequency range is from dc to 100 KHz, and its
totalizing range is from O to 100 KHz, or O to 100 Hz
by internal switch selection, Trigger level is automatic,
and a pushbutton switch on the front panel resets the
count to “0 Price: only $295 — $200 less than the
nearest major competitor!

And here’s some really big news in low-cost elec-
tronic control counters. Now you may choose be-
tween CMC'’s Single Preset, Model 912, or Dual Pre-
set, Model 913; and you don’t have to pay the $700
and $1000 asked by the competitors. Pay only $550
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lowest cost counters!

for the 912 and $650 for the 913, and get CMC’s high
quality performance as well.

The Model 912 limit function holds “output” at
the preset number until reset manually, while it con-
tinues to count. Or, in the “recycle mode!’ it will hold
the “pulse relay output” at the preset number, then
reset to “0” and automatically resume counting. The
Model 913 performs as the 912 except that it is
equipped with two sets of limit switches for dual pre-
set operation. Both units come conveniently packaged
in boxes that are 19-inches wide for standard rack
mounting and only 3% -inches high.

At last, here is a low-cost counter family that puts
every primary counting function within the budget
reach of every potential user. Buy one or buy a group.

The more you buy the more you save. But now you
may select, buy, and pay for only those functions that
you really need!

For full specs, just circle the reader service card; and
for a demonstration of any or all of these products,
contact your local CMC representative.

COMPUTER MEASUREMENTS

A DIVISION OF NEWELL INDUSTRIES

12970 Bradley / San Fernando, Calif. 91342 / (213) 367-2161 / TWX 910-496-1487
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Get amplitude, phase and complex
impedance measurements on a
swept basis to 32 MHz... automati-
cally withthe HP 675A/676A network
analysis system.

Anyone who has set up and de-
termined complete network charac-
teristics knows what a time-con-
suming and frustrating job it can be.
To make a point-by-point analysis
over a 3%2 decade frequency range
was often impractical in terms of the
time and money available.

But now with the combination of
the 675A/676A system and the HP
11138A impedance measuring acces-
sory, you can get complete network
analysis from 10 kHz to 32 MHz...
quickly and easily.

You can make driving point or out-
put impedance measurements.
Check wide band amplifier and atten-
uator response, filter characteristics,

network transfer characteristics,
system flatness, return loss, small-
signal analysis, and open- and
closed-loop response.

And these are only some of the
possible network analysis applica-
tions. This is a system accurate
enough for any lab use and rugged
enough to provide the day-in and day-
out testing you need for quality pro-
duction work.

The 675A Sweeping Signal Gen-
erator has a 10 kHz to 32 MHz range
with start/stopand F,/AF settingsany-
where in this range for single or con-
tinuous sweep. The 676A Phase/Am-
plitude Tracking Detector adds a full
360° phase measurement capability
and an 80 dB dynamic amplitude
range.

Channel A and B outputs on the
676A provide simultaneous ampli-
tude measurements of two devices
for comparison. With Amplitude A-B
and Phase A-B you can accurately

54 Circle 35 on Inquiry Card

Now, Complete
Network Analysis...

the easy way!

HEWLETT '_ﬁﬁ, PACKARD

NETWORK ANALYZERS

090/2

compare two devices. Makes produc-
tion line testing and adjustments
easier. Dc outputs in linear dB and
linear phase are available.

Take a look around your design
and production areas. You'll be
amazed at the number of places that
this truly complete network analyzer
can save you time and money...plus
give you the extra information you
need to do an even better job.

Call your local HP field engineer
for complete specifications. Or, write
to Hewlett-Packard, Palo Alto, Cali-
fornia 94304. Europe: 1217 Meyrin-
Geneva, Switzerland. Price: HP 675A,
$2300; HP 676A $1375; HP 11138A,
$175.
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MOS integrated circuits
A six-part course

Integrated circuits that use Mos transistors have had an
interesting and oftentimes troubled history. Now, how-
ever, the technology has come of age and you are going
to see more and more MOS circuits in tomorrow’s
digital equipment. Our course on MOs ICs will present,
in six installments, the foundation that you need to
take advantage of all that this new technology promises.

Background on MOS

An integrated circuit made with Mos transistors con-
sumes less power and is smaller than the same circuit
made with bipolar transistors. On the other hand, the
bipolar circuit is faster and can drive more current.
Therefore, most designers of logic systems tend to use
both types, and somewhere, they must interface the two.

Interfacing, however, creates problems because MOS
and bipolar are two different breeds. A MOs transistor
is a voltage-controlled device—it compares more closely
to a vacuum tube than to its bipolar counterpart.

The point of all this is that many Mo0s 1cs made to-
day use higher supply voltages and logic than those
used by bipolar 1cs. In a conventional Mos logic gate,
therefore, you have to change the voltage by a greater
amount to distinguish between a 1 and a O than you
have to with a bipolar gate.

The obvious solution is to make MoOs devices that
operate with the voltages compatible with those of
bipolar circuits.* Such a device, combined with efforts
to improve other MOs parameters and to design “all-
Mos” digital equipment, has lead to several different
constructions. This is the first topic of our course: the
basic structures.

*Of course, you could design the bipolar circuit to work with
the larger voltage swing, but this degrades operating speed
because, given the same load capacitance, it takes longer to
go from 0 V to 7 V than it does to go from 0 V to 3 V.

A bit of history p. 56
Part | of MOS course p. 58

COURSE ON MOS INTEGRATED CIRCUITS

Part 1—February 1970—Background on MOS

. The basic structures: p-MOS

. The basic structures: MNOS

. The basic structures: Silicon gate

. The basic structures: Complementary MOS

. MOS and bipolar on a single chip

. Comparison of structures that yield low threshold
voltage

Part 2—March 1970—MOS circuits (p-MOS, MNOS, and Si
gate)

. Doing logic with MOS

. Arithmetic blocks

. Snift registers

. Comparison of static and dynamic registers (both
ratio and ratioless)

. Four phase logic for complex systems

f. The role of computer aided design in MOS integrated

circuits

Part 3—April 1970—Applications of MOS circuits (p-MOS,
MNOS, & Si gate)

. How to interface MOS shift registers and arithmetic
blocks with bipolar logic rates

. Applications of MOS circuits to electronic calculators

. Applications of MOS circuits to digital computers

. linear applications: MOS multiplexers

Part 4—May 1970—Complementary MOS
a. Logic (AND-NOR), shift registers and arithmetic
block!

ocks

b. Logic (NAND-OR)

c. Iéowopower systems: Comparison between MOS and
-MOS

Part 5—MOS Memories (all types)—June to October 1970

a. Read only memories

b. Doing logic with ROMs

c. Random access memories

d. Associative memories

e. How to use shift registers as delay lines
f. Cost of MOS memories

Part 6—Testing of complex MOS integrated circuits




The first MOS

A historical look at
MOS—where it's been and
who developed it.

By Alberto Socolovsky, Editor

Who made the first Mos integrated circuit? Undoubt-
edly, Drs. Steven R. Hofstein and Frederic P. Heiman,
who working under the direction of Thomas O. Stanley,
head of the Integrated Electronics Group at the RCA
Electronic Research Lab in Princeton, N.J., were the
first to succeed in late 1962 in integrating a multipurpose
logic block of 16 Mos transistors into a silicon chip, 50
x 50 mils. They reported their success at the 1962
Electron Devices Meeting in October, 1962.

While it is clear who made the first Mos IC (the sub-
ject of the course that starts in this issue), the origin
of the Mos transistor seems to have faded into the an-
nals of semiconductor history. Looking for the devel-
oper of the insulated-gate field effect transistor takes
us as far back as 1926, to the work of J. E. Lilienfeld
in the U.S., and later to 1935, when Oskar Heil of
Germany obtained British patent 439,457 on a thin-
film, field-controlled semiconductor.

The first discrete FET was not MOS

Indeed, the first field-effect transistors were made of
thin films, and the groundwork for integrated circuits
made of such transistors was laid out by J. Torkel Wall-
mark in 1959 who, while working for the RCA Labs,
visualized the possibility of implementing logic func-
tions for computers, which he called “integrated logic
nets,” with long strings of such transistors, batch fabri-
cated. As it turned out, another scientist at the RCA
Labs, Dr. Paul K. Weimer, was successful in implement-
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ing Wallmark’s ideas with field-effect transistors made
with thin films of cadmium sulfide and cadmium sele-
nide, deposited on insulating substrates.

At a different cradle of semiconductors, Bell Labora-
tories, a group working under M. M. ‘Atalla was work-
ing in the late 1950’s on discrete insulated-gate field-
effect transistors, using the now popular combination of

The first MOS IC, made by Hofstein and Heiman at RCA
Electronic Research Lab, was an array of eight pairs of
n-channel transistors, interconnected as two 4-input gates.
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silicon as the semiconductor and silicon dioxide as the
insulator. The ideas and work developed by Atalla,
Wallmark and Weimer, bore fruit in the first MOSs IC.

Prior to their work on MOS integrated circuits, both
Drs. Hofstein and Heiman developed the first discrete
MOS transistors that could be mass produced. Dr.
Heiman obtained a patent (assigned to RCA) on how
to use the n-type inversion layer in a p-enhancement
MOS as a channel, while Dr. Hofstein patented the
offset gate structure used in early MOS transistors,
later replaced by the now popular dual gate. As a mat-
ter of fact, the transistor was known in the early days
as the “Hofstein-and-Heiman metal-oxide-semiconduc-
tor field-effect-transistor,” which gave way to the
acronym MOS FET. Unlike the names of Esaki and
Gunn, those of Hofstein and Heiman did not stick to
their semiconductor.

At the time Hofstein and Heiman made that first
Mos integrated circuit, the Research Labs of RCA were
also trying to make integrated circuits with thin-film
FETS. These two efforts, although parallel, had quite
different objectives. The application for the Mos 1cs was
going to be, as indeed it is today, digital circuits for
computers. The application for the thin-film FETS, on
the other hand, was for an electro-optical usage—a
solid-state vidicon. Since the work on thin-film FETS
started first, many of the techniques now used to make
Mos ICs were actually developed for the thin-film effort.

The pioneers move

Where are these pioneers now? Thomas O. Stanley is
staff vice president of Systems Research at the RCA
Labs, and J. Torkel Wallmark, who went back to full-
time teaching in Sweden, comes back to the RCA Labs
during sabbatical leaves. From Bell Labs, Dr. Atalla
went to Hewlett-Packard Asso., where HPA’s line of
GaAs readouts were developed under his direction; he
has recently moved to the Microwaves and Optoelec-
tronics Div. of Fairchild, as general manager. Steven R.
Hofstein is president of Princeton Electronic Products,
Inc., a company he started early in 1968 to develop a
system for storing images. Dr. Heiman joined him at
PEP early in 1969. As for Dr. Paul K. Weimer, he is
head of Self-Scan Device Research at RCA Labs, where
he has successfully perfected several versions of the
solid-state vidicon, using thin-film FETS.

It is interesting to note that, even though RCA Labs
made the first integrated circuits with Mos, the company
was not the first to market them (although it did mar-
ket quite successfully, discrete MOS transistors.) That
distinction is held by General MicroElectronics (later
acquired by Philco-Ford) and General Instrument,
which offered the first commercial Mos ICs in late
1964.

Looking back, it could be argued that these intro-
ductions were premature, since the surface problems
that plagued the first Mos ICs gave them a bad name
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Dr. Steven Hofstein: ‘“The impact of MOS
integrated circuits of digital computers was
one of the few predictions made in 1963 that
came through. At that time, TV was a big
business—computers were not.”

Thomas 0. Stanley: “We worked on MOS because we wanted
to develop a reproducible IC technology to implement J.
Torkel Wallmark’s concept of universal logic gates.”

and actually delayed their acceptance. On the other
hand, those two companies took the brunt of the diffi-
cult task of marketing the new product, and developing
applications. One of them, GME reaped none of the
rewards. We feel that those problems have been mostly
overcome, and that the applications of Mos ICs are only
now starting to grow. To give their growth a solid base,
we present this course.

INFORMATION RETRIEVAL

Integrated circuits,
Semiconductors
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MICROWORLD

MOS course—Part 1
The basic structures

Metal-oxide-semiconductor? That's what it used

to mean. This part of our course describes
the different structures we call MOS.

E. Marshall Wildel‘, Product Engineering Manager
Fairchild Semiconductor, Mountain View, Calif.

The acronym MOs has come to stand for a lot more
than just metal-oxide-semiconductor. Today, these
initials describe any integrated circuit made with en-
hancement mode, insulated gate, field effect transistors.
The Mos technology is the newest major production
technology in the semiconductor industry. The first Mos
integrated circuits appeared in the market in small
quantities in mid-1964, and, since then, many semi-
conductor companies have made substantial commit-
ments toward the MOs market.

The p-MOS structure

As the initials imply, all of these devices had a metal-
oxide-semiconductor layered construction at one time.
The four functional parts of a Mos transistor are the
source, the drain, the gate, and the substrate. The de-
vice is an almost ideal switch since, when the gate and
source potentials are equal, no current flows between
the source and the drain. However, when the gate volt-
age with respect to the source is raised to a critical
level (called threshold voltage) the transistor turns “on”
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and current can flow from source to drain. The thresh-
old voltage is negative on the gate of this type of Mos
transistor, to establish an electrostatic field that inverts
the n-material under the gate to a p-channel between
the source and drain.

The metal referred to in Mos is almost always alu-
minum, usually between 1 and 2 wm thick, and de-
posited using an electron beam (EB) evaporator. The
EB evaporator is used because cleanliness is extremely
important in MOs processing and an EB system is cur-
rently the cleanest of the production evaporation sys-

tems.
The oxide in Mos is the gate insulator, silicon diox-

ide. This layer is grown on the silicon by high temper-
ature oxidation (about 1200°C) of the silicon. Most
manufacturers use an oxide thickness on the order of
1100 A under the gate. This gate oxide is the most
critical part of the device. Its thickness must be very
close to the design value; it can have no “pinholes” or
the device will be shorted; and it must be pure, or the
device will be unstable electrically.

The semiconductor material is single crystal silicon
that is doped n-type with phosphorus or antimony.
The doping level is usually on the order of 10> atoms/
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cm?®, which is seven orders of magnitude below the
density of the bulk silicon atoms. Diffused into this
silicon are the source and drain regions. Both are boron
doped and are from 2 to 4 microns deep.

An important point to note is the the MOS transistor
is a self-isolating device, because all junctions are re-
verse biased during normal operation. This is extremely
desirable when you make integrated circuits. Since you
do not need isolation diffusions, the packing density of
the transistors on a chip is extremely high.

With many Mos transistors on a chip, however, a
parasitic problem can arise. The key to avoiding the
problem is in the manufacturing process. A parasitic
transistor is formed between two adjacent p- regions
when a high voltage metal line crosses them. Unless the
“field” oxide under this line is thick enough, the high
voltage inverts the surface of the n-type substrate and
turns on the transistor that is formed. This parasitic
transistor is exactly like a conventional transistor, ex-
cept it has thicker gate oxide and, therefore, a higher
threshold voltage.

The manufacturing process must provide a field oxide
thick enough so that the thresholds of the parasitic
transistors are above the maximum voltages in the cir-
cuit. Since these voltages are often above —30 V, the
field oxide must be at least 1.5 um thick. This oxide
can be thermally grown, but it takes a long time. More
often, the thick oxide is deposited. Methods of depo-
sition include electron-beam evaporation, rf sputtering,
and the thermal oxidation of silane. The last method is
the most common because it is the cleanest and is quite
reproducible. This reaction takes place at 400°C and
is expressed as:

SiH; + 20,—Si0, + 2H.0

The problems of N-channel MOS

The structures described thus far have been p-chan-
nel Mos transistors. In addition, n-channel transistors
can be and are being made using the same techniques.
Integrated circuits made with n-channel transistors
seem to offer advantages over the more usual p-chan-
nel devices. The most obvious advantage stems from
the higher mobility of the charge carriers in an n-chan-
nel device.

P-channel transistors use holes for conduction. At
normal field intensities, hole mobility is about 200 cm?/
(V-s). On the other hand, n-channel transistors use
electrons to accomplish the charge conduction. Since
electron mobility is 400 cm?/V-s, twice that of hole
mobility, an n-channel device will have one-half the
on resistance or impedance of an equivalent p-channel
device with the same geometry and under the same
operating conditions. To put it another way, n-channel
transistors need be only half the size of p-channel de-
vices to achieve the same impedance. Therefore, n-chan-
nel integrated circuits can be smaller for the same
complexity or, even more importantly, they can be more
complex with no increase in silicon area.

Along with greater packing density, n-channel cir-
cuits offer a speed advantage over p-channel circuits.
This is a direct result of smaller junction areas since
the operating speed of a Mos 1C is largely limited by
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Drain connectian

Source connection ~ Silicon
dioxide

n-type silicon crystal

The p-MOS structure. This device shows the conventional
metal-oxide-semiconductor gate sandwich that gives the
technology its name. Also apparent is the overlap between
gate and source, and gate and drain. This overlap increases
parasitic capacitances and limits the speed of devices with
this structure.

AL source connection

AL drain connection

—27V interconnection line

—27V line
Field oxide

H
e |

A parasitic transistor can be formed when a high voltage
interconnecting line crosses two p+ regions. In this case,
if the field oxide is not thick enough, the —27-V line will
turn on the transistor regardless of the voltage on the gate.

A\ Aluminum

P - type silicon

( L Substrate

Gate electrode

N-channel MOS with the fixed Q.. charge, and Q, charge of
the mobile contaminants. Both charges add to give a res-
ultant field that tends to make the device normally on.
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internal RC time constants. A diode’s capacitance is
directly proportional to its size and n-channel junctions
can be smaller than p-channel junctions.

Since the majority of Mos devices available today
are p-channel, the obvious question is “how come, if
n-channel offers size and speed advantages?” The an-
swer, as you might readily expect, is that p-channel
circuits are much easier to make. Most of the mobile
contaminants (the dread of MOs processing people) are
positively charged. Since n-channel transistors operate
with the gate positively biased with respect to the sub-
strate, these ions collect along the oxide-silicon inter-
face. The charge (Q,) from this layer of ions causes a
shift in threshold voltage which tends to make the tran-
sistor normally on (current flows from source to drain
with no voltage on the gate).

Beside the mobile positive ions, a fixed positive
charge also exists at the oxide-silicon interface. This
charge, caller Q. results from various steps in the man-
ufacturing process and also tends to make the device
normally on. These two charges (Q, and Q) exist in
p-channel devices too but the - ions are pulled to the
aluminum-oxide interface by the negative gate bias.
There, they cannot affect the device threshold. In addi-
tion, the fixed charge in p-channel tends to give you
higher thresholds. While this is undesirable, it is not as
severe a condition as having the device permanently
biased on.

One of the factors that influences the threshold of a
Mos device is the doping level in the silicon substrate.
Increasing the doping level in an n-channel device helps
to offset the effects of Q, and Q. by establishing a field
in the opposite direction. Theoretically then, you could
convert an n-channel transistor back to a normally off
device by adding enough p-type impurities to the sub-
strate.

Unfortunately, this approach does not work with
single polarity n-channel circuits, although it does work
with complementary Mos (c-Mos). The reason it does
not work in single polarity n-channel is because of
something called the source bias effect.

While the mechanics of the source bias effect are
too involved to be discussed here, basically, what it
does is cause the threshold voltage of a Mos device to
vary with the source voltage. With c-Mos this can be
overcome because you can ground the source of the
n-channel transistors so that the threshold stays con-
stant. However, in single polarity devices the source is
frequently not tied to ground.

Source bias effect is very dependent on, the doping
level of the bulk silicon. The higher the doping level,
the greater the threshold change for a given change in
source voltage. The result is that if you dope an n-chan-
nel device heavily enough to combat the Q,/Qs, field,
the device is practically useless because its threshold is
very unstable. So, today’s n-channel devices have a
moderate doping level and are, in fact, normally on de-
vices. When used, the circuit designer provides a neg-
ative bias to the source to turn the device off.

All in all, this presents a fairly complicated picture.
It is difficult to design circuits using n-channel (you
need an extra bias supply for one thing) and it is diffi-
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The MNOS structure. Reducing the gate dielectric
thickness below about 1000 A is impractical since
the dielectric then tends to have a high incidence of
pinholes. The thin dielectric is also more subject to
damage from static electricity. You can however
increase the dielectric constant (and thereby reduce
the threshold voltage) by using a silicon-nitride sand-
wich for the gate insulator. The Si;N:; about doubles
the dielectric constant and cuts the threshold voltage
of the device in half (from 3 to 6 V nominal to
1.5 to 3.0 V). The total mechanical thickness of
the dielectric remains approximately the same. Since
the threshold voltage is reduced, power supply re-
quirements are also reduced for MNOS devices; they
require +5 V and —12 V in normal operation.

The nitride passivation also doubles the gain fac-
tor (k') of the device. (Gain factor is defined as the
amount of output current relative to the voltage on
the device. It's directly proportional to the dielectric
constant of the gate insulator and inversely propor-
tional to the insulator thickness.) The increased k'
gives lower on resistance devices and a reduction in
the size of the output device required to supply the
1.6 mA of a normal TTL load.

(Contributed by
General Instrument Corp., Hicksville, N. Y.)

cult to control the process needed to manufacture them.

When the Mos technology was new, the process con-
trol needed for n-channel was just not available. Now,
the process can be controlled but still not easily. The
result is that today, n-channel cannot economically com-
pete with p-channel.

Threshold voltage

The threshold voltage of an Mos transistor is the
most important, process-dependent, device parameter.
It is desirable in most cases to have a process that pro-
duces low threshold voltages. An 1c with low threshold
transistors will operate at lower power supply voltages
than a high threshold circuit (—5 V and —15 V for
the low voltage circuits vs —13 V and —27 V for the
high voltage circuits). This means cheaper system power
supplies. An even more desirable feature is that the low
voltage circuit is directly compatible with bipolar ICs;
that is they require and produce the same input and
output signal swings. This compatibility gives a system
designer more flexibility. He can design using Mos and
bipolar circuits without worrying about signal level
shifting or interfacing.

In addition, low signal voltages also imply higher
operating frequencies. If a voltage only has to swing
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Gate drain overlap

Diffused, passivated MOS FET. Note the
gate overlap.

lon implantation of MOS transistors improves operating
speed by reducing the internal capacitance between the
gate and source, and gate and drain. In the conven-
tional diffused device, the gate must overlap the dif-
fused regions to allow for photomask registration
tolerances and for the lateral spread of the diffused
ions.

With ion implantation, only a portion of the source
and drain regions is diffused and then the gate is
fabricated to the desired width (it can be about three
times smaller than in the diffused transistor). A beam
of boron ions is accelerated to high velocity and im-
pinges on the entire wafer. Most ions striking the oxide

Si0, Passivation

<+—— n substrate

P+ region

Implanted
p+ region

Diffused, passivated MOS EET using
ion implantation to form crucial portion
of source and drain. Note perfect align-
ment.

regions penetrate the oxide layer and are deposited in
the bulk silicon, doping these areas and forming the
rest of the source and drain. lons striking other
regions are collected harmlessly by metallization layers.
Alignment of the gate is automatic since the gate
serves as the mask for the critical portions of the
source and drain.

This alignment produces two to four times lower
input capacitance and about 40 times less Miller ca-
pacitance, resulting in a device that is about five times
faster than an equivalent diffused transistor.
(c?rf\t)ributed by Hughes Aircraft Co., Newport Beach,
Calif.

between 0 and —5 V, it can change state faster than a
voltage swinging between 0 and —10V can.

The advantages of low-voltage MOS are apparent;
the best method of making it, isn’t. There are several
ways of modifying processes and device structures to
achieve lowered threshold voltages. The equation for
threshold voltage, Vr, is:

X

VT = KO (st T QB) + ®ms + 2¢F

where
* ¢ is the work function difference between the
gate conductor and the bulk silicon.
* ¢y is the Fermi potential of the bulk silicon.
* Q is the fixed surface-state charge density per
unit area.
* Qg is the charge per unit area within the surface
depletion region at the onset of strong inversion.
* X, is the gate dielectric thickness.
* K. is the dielectric constant of the gate insulator.
C, is the permittivity of free space.

The MNOS structure
From the equation, you can see that if a gate
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insulator with a higher dielectric constant replaces the
SiO., the threshold voltage of the resulting device is
reduced. Several manufacturers are using this approach
quite successfully. The material they use for the gate
insulator is silicon-nitride, SisN4. This nitride has a
dielectric constant of 7, as opposed to silicon-dioxide’s
3.9. The Si;sN,; is usually deposited in an rf-heated
reactor, with a combination of Si;H, silane and O,
gasses. The temperature is about 700°C and the process
is similar to the standard pyrolitic deposition of silicon,
SiO, and other materials. Unfortunately, the interface
between silicon and silicon-nitride is very difficult, if
not impossible, to control. For this reason a structure
known as MNoOs has evolved as a practical, low voltage
Mos transistor. The gate insulator is a lamination of
silicon-dioxide and silicon-nitride. The SiO.-Si interface
is well understood and easily controlled. The silicon-
dioxide, about 400 A thick, effectively separates the
nitride from the silicon and the resultant gate insulator
is slightly thinner than the pure SiO.. These devices,
called MNos transistors, have threshold voltages about
2 V less than conventional MOs devices.

Another gate dielectric, which has been used with
less success but does bear mentioning, is alumina
(Al:O;). This insulator produces good threshold reduc-
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The silicon gate

Intel Corporation combines silicon as the gate mate-
rial with a nitride-oxide dielectric in its low-voltage
MOS. The processing starts with the standard wafer
of n-type silicon. The first step grows a layer of
silicon dioxide (SiO.) over the entire surface. An
oxide etch removes this oxide in what will be the
source, drain and gate areas. Then the wafer goes
back into the oxidizing furnace and a thin layer of
oxide is grown in the thick oxide opening. At this
point the device looks something like this.

L M
lwm
s

n-type silicon

The next steps are back-to-back depositions. The
first leaves a thin layer of silicon nitride (Si;Ns)
over the entire surface. This is followed by a layer
of amorphous silicon on top of the nitride. You
now have a structure that looks like this.

Silicon

Photomasking techniques remove the silicon and
nitride from the entire surface except for the gate
area and where the silicon is to be used as an inter-
connect. Now another etch removes the thin oxide
except under the silicon gate. The process then dif-
fuses boron, a p-type impurity, onto the surface of
the wafer. This step is shown here.

S
LG°$:»_H i

Source Drain

Boron diffuses rapidly into the silicon, but slowly
in the oxide and nitride. Since the gate itself is the
diffusion mask for the source and drain areas, close
alignments of gate to source and gate to drain are
maintained. The only overlap is due to the side-
ways diffusion of the boron in the silicon. A perspec-
tive view of the device after it leaves the diffusion
looks like this.

Another layer of oxide over the entire surface fol-
lows. Openings for the connections to the source
and drain are etched and aluminum is evaporated
into these openings. Completing the interconnection
patterns finishes the device and its final cross section
looks like this.

Aluminum

p+ p+

(Courtesy of Intel Corp., Mountain View, Calif.)

tions but is extremely difficult to deposit and to etch. A
cross-section of a device of this type would be the same
as the p-mMos structure with alumina replacing the
silicon dioxide.

The Si-gate structure

In addition to the dielectric constant of the insulator,
threshold voltage depends on the work function dif-
ference between the gate conductor and the silicon sub-
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strate. This is the ¢, term in the threshold voltage
equation that for an aluminum gate, p-channel trans-
istor, is equal to —0.3 V. If, however, a material other
than aluminum is used for the gate electrode, the thresh-
old voltage changes with the work function. This
approach has led several manufacturers to a device
called a Silicon Gate Field Effect Transistor. This type
of Mos transistor, (See box on page 62) uses a layer
of deposited silicon as its gate electrode. This silicon
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Silicon
dioxide

Complementary MOS. Cross-section of complementary-
symmetry MOS transistors used by RCA in their
COS/MOS I[Cs. Basically, the inverter circuit combines
one p-channel, enhancement-type MOS transistor and
one n-channel enhancement-type MOS transistor. The
transistors operate in a ‘‘series’” connection from a
single power supply with their drains connected. Since
in either logic state one transistor is off while the other
is on, the quiescent power dissipation is very low.

(Courtesy of RCA, Somerville, N. ].)

P channel MOS N channel MOS NPN
D S| G| D E

Combining complementary MOS and complementary bipolar
transisters on the same substrate may give you the best
of both worlds. This approach preserves the low static power
dissipation of complementary MOS while giving an order of
magnitude increase in operating speed. The illustration
shows the cross section of one fabrication approach.
(Courtesy of Solid State Scientific Devices Inc., Mont-
gomeryville, Pa.)

layer may be doped with impurities having various work
functions, and in this way, you can give the transistor
different threshold voltages.

The silicon gate technology is normally used to make
p-channel integrated circuits. Here, you deposit the
silicon gate layer over a 1200-A thick, thermally grown
oxide layer. A masking and etch step defines the gate
geometry and the oxide is removed from the future
source and drain regions. The dopant, boron, is then
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On the threshold?

Three contenders are currently in the race for a
Mos circuit with low (read bipolar compatible)
threshold voltage. The first advocates the familiar
metal-oxide-semiconductor gate construction, but
on a silicon crystal with <<100> rather than the
more popular < 111> orientation.

The second approach to bipolar compatibility
uses an oxide-nitride sandwich for the gate dielec-
tric. This is the MNOs structure of our text.

The third entry in the threshold sweepstakes
(and there is a big purse waiting for the winner)
is the silicon-gate Mos.

All three techniques do reduce threshold volt-
age. However, among the three rivals there are
some important differences, particularly in the
areas of feedback capacitance and packing den-
sity. Right now, the field looks like this:

p-MOS p-MOS Si-gate MNOS
on<111> on<100>
threshold
voltage 4-6 V 2-25V 1.8-22V 1525V
relative
feedback
capacitance 4 4 1 6
relative
packing
density 0.7 0.7 1 0.7
threshold
voltage of
field oxide 25V 16 V 25V 25V

(Contributed by General Instrument Corp., Hicks-
ville, N.Y.)

The problem with all three of these approaches
is that they make an already complex process even
more so. As is the case in all 1¢ manufacturing,
the most important word in the dictionary is yield.
The winner in this contest is going to be the proc-
ess that gives the best performance/yield tradeoff.
Right now, a lot of the handicappers around the
track like No. 3, silicon gate.

introduced to the source, drain and gate regions by a
normal predeposition from a gaseous source. Thus, the
gate silicon is heavily doped p-type silicon just like the
source and drain, and the opposite type from the bulk.
Building up the field oxide with deposited SiO, com-
pletes the device. Aluminum is evaporated and the
interconnections are defined using standard photo-
lithographic techniques. A device made like this, with
a p-doped gate and an n-doped substrate, will have a
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threshold voltage 2 V less than a similar aluminum gate
device.

As the Mos industry matures, many people believe
that the silicon gate technology will be the one most
widely used. Three main reasons point to this con-
clusion. The most important word in the semiconductor
industry is yield, and the silicon gate technology pro-
duces high yields. There are more good integrated
circuits on each wafer when the circuits are made of
silicon gate transistors than there would be if a more
conventional technology were used. The reason is that
the gate oxide, the most critical portion of an Mos tran-
sistor, is covered up immediately after it is grown. The
deposited layer of silicon protects this oxide from
etchants, contaminants, and mechanical damage.

Secondly, silicon gate transistors can operate at
higher speeds than conventional MOs or MNOS tran-
sistors. This is not because the gate is silicon, but be-
cause the gate is smaller than aluminum gates. There is
no overlap of the gate conductor over the source and
drain regions because the gate itself is the diffusion
mask that defines the active edges of these p+ regions.
Conventional Mos transistors must have an alignment
tolerance built into the mask set. This usually produces
a gate overlap of from 3 to 5 um which increases the
feedback capacitance between the gate and the drain.
Increased feedback capacitance reduces the usable gain
of the transistor.

A third big advantage of the silicon gate IC is its
compatibility with other technologies. Since the gate
oxide is covered as soon as it is grown, the wafer in

process can go through additional high temperature
oxidations and diffusions after the Mos transistors are
formed. Therefore Mos and bipolar transistors can be
designed and manufactured on the same piece of silicon.
This presents many options to integrated circuit design-
ers; it lets them use the right transistor for each job,
rather than compromising performance or size because
the right device couldn’t be made.

Many manufacturers deposit another layer of oxide
over the completed wafers that protects the aluminum
interconnections from mechanical damage during
assembly. This passivation also increases the reliability
of the circuit, because contamination, which might be
present in the package, cannot migrate to the active
portions of the circuit.

Some manufacturers are considering two or more
layers of metal interconnections. This hasn’t happened
yet and it is doubtful that it will, except for a few special
designs. For one thing, silicon gate integrated circuits
already have three layers of interconnections; the p--
diffusion, the silicon gate layer, which can be used for
interconnecting points on the circuit, and the aluminum.

Even with only one layer of aluminum, it is obvious
that in Mos technologies, more goes onto the silicon
than goes into it. This will continue to be true as semi-
conductor processing is further developed.

INFORMATION RETRIEVAL:

Integrated circuits, Computers and
peripherals, Digital design
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They use MS-230 Contact Re-Nu to
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

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 chemical co..inc.
Route 7, Danbury, Conn. 06813
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Let’s Talk about Control!
From Fleapower to Horsepower

°
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PRA Series
300 to 2000 watts

PA Series
50 to 200 watts

PMA Series
100 to 500 watts

Whatever your control requirements, CSR
has a linear DC servo amplifier to solve
your problems. We have them from 10
little watts, to 2000 big watts, in varied
sizes and shapes. For example, our PCD
series of plug-in-cards are ideal for light-
weight applications. For medium power
applications, CSR offers the PMA series
of modular amplifiers that operate di-
rectly from 115 VAC and the PA series
of encapsulated “flat-pacs.” Husky jobs
are pushovers for the PRA series of rack-
mounting amplifiers. Mil Spec units are
available and all CSR amplifiers are kept
in stock for off the shelf delivery.

PCD Series
10 to 25 watts

CONTROL SYSTEMS RESEARCH, INC. :ﬁnovsi more”about oc;J;hhigh powe(r; é)gera-
H H ional ampiifiers an e unique un-
ke e dbio i conditional TWO YEAR WARRANTY! Call

or write for our catalog today.
69SA2
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DELIVERS

STANDARD CIRCUITS.
HIGH SPEED. ARRAYS.
COME TO WHERE THE
DELIVERIES MATCH
THE PROMISES.

There's a Series 54/74 solution somewhere between
the broken delivery promise and the vendor that

cherrypicks the line. You'll find that solution at
Sprague. And at competitive prices.

Choose from 27 standard circuits, 28 54H/74H high
speed devices, and 15 complex arrays. Choose full
or limited temperature range. Choose flatpack or

DIP. Choose industrial, military, or Hyrel® to MiIL-
STD-883.

Get what you need, when you need it. Get straight
answers when you call. So call now.

PRICE? DELIVERY2 LOCAL DISTRIBUTORS? TECHNICAL LITERATURE?
GET THE ANSWERS AT ANY OF THE NUMBERS LISTED BELOW.

ALA. Huntsville, no charge call operator, WX4000 ARI. Phoenix (602) 279-5435 CALIF. Burlingame (415) 347-8217 Los Angeles,
Bell Tel., (213) 870-0161, Gen. Tel., (213) 391-0611 San Diego (714) 278-7640 COLO. Denver (303) 756-3611 CONN. Trumbull (203)
261-2551 DC. Washington (202) 244-6006 FLA. Orlando (305) 831-3636 ILL. Schiller Park (312) 678-2262 IND. Indianapolis (317)
546-4911 MASS. Newton (617) 969-7640 North Adams (413) 664-4411 MICH. Ann Arbor (313) 761-4080 Detroit, no charge call opera-
tor, Enterprise 7498 MINN. Minneapolis (612) 335-7734 MO. St. Ann (314) 291-2500 NJ. Cherry Hill (609) 667-4444/(215) 467-5252
Wayne (201) 696-8200 NY. Melville (516) 293-6710 Upstate call (413) 664-4411 NC. Winston-Salem (919) 722-5151 OHIO Chagrin
Falls (216) 247-6488 Dayton (513) 223-9187 Cincinnati, no charge call operator, Enterprise 3-8805 TEX. Richardson (214) 235-1256

WASH. Seattle (206) 632-7761.
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DESIGN FEATURES

Circuit design:

The op amp way

Circuits built around op amps are becoming

more and more common. Now you can see how someone else
attacks the job of creating some of these circuits.

By C.J. Huber, Senior Engineer,

Westinghouse Defense & Space Center, Baltimore, Md.

“Use ‘off-the-shelf’ linear 1cs.” That was the order
when I had to design a replacement for an existing
solid-state analog signal processor. The design param-
eters had to be investigated in terms of both tempera-
ture sensitivity and frequency response. The tempera-
ture effects were important since the system had a gain
and dc stability requirement of 3% over the range
—55° to 125°C.

The actual circuits designed all incorporate the Fair-
child ©#A709 monolithic op amp. They include:

e a gain and offset amplifier and the variations:
e sample and hold circuit
e voltage converter (0-6 V input to 0-18 V
output)
* an integrator (used as a sweep generator)
* an oscillator
* a synchronous demodulator

‘Before discussing these circuits, however, let me
give you some analysis of the basic inverting and non-
inverting amplifiers which should clarify some of the
design procedures.

The inverting amplifier

The model chosen to represent the operational am-
plifier in all the ac circuits is shown in Fig. 1 (where
s =a + jo). By adding a feedback element Y, a load

The Electronic Engineer ¢ Feb. 1970

Y1, and a series input element Y, to the op amp, we
obtain the basic configuration for the small signal am-
plifier (Fig. 2) with the corresponding voltage gain
expression.

€o

(s) = G(s) = 1

o [ao - ]

C Yi (T ¥+ Y Vack (PR ¥ T+ V)

T

+ Y Yo+Y) + Y, (Y, A(6) + Y))

ej e

A(s) (ey-e)
+

€o

Fig. 1: The simplified model representing the operational
amplifier used in the analysis of the designed circuits.
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Yi _A(S)e1

Jf Op amp =

Fig. 2: One of the basic configurations in the design of op
amp circuits is this small signal inverting amplifier. It shows
the general series input element, feedback element, and
load positioned around the op amp model.

Y
O e ! : A(s) OE
E; Yi+Ys < o
Y¢
Yy +Yf

Fig. 3: This block diagram of the inverting amplifier shown
in Fig. 2 clearly indicates the feedback loop that affects
frequency stability.

If we assume that
Y, =~ 2.5 micromhos
Y, ~ 40 millimhos
50 wmhos <Y, Y;<1 millimho
Y, is comparable to Y, and Y;

Y,

then Eq. (1) reduces to:

<1

Y A(s)
~ — ° (2)
GV(S) Yl + Y/ 1 + Y/ A(S)
Y, + Y,

A block diagram of this equation is shown in Fig. 3.

Unlike discrete type op amps, most integrated-circuit
op amps do not have built in frequency compensation
because it is impractical to integrate the large capacitors
normally required. Therefore, external frequency com-
pensation is usually necessary. Figure 3 clearly shows
the feedback loop that affects frequency stability.

Stability is achieved by adjusting the loop gain so that
it has a uniform rolloff at a rate of about 6 dB/octave
beginning at a relatively low frequency and continuing
until it crosses the 0-dB axis. Since there is a 90°
phase shift associated with such a rolloff, the circuit
cannot become unstable.
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This adjustment also affects the bandwidth. For any
particular gain, the closed-loop bandwidth can be max-
imized and, unlike the case with discrete amplifiers
with fixed compensation, does not always have to be
inversely proportional to the closed-loop gain.

If we assume AGs) Yy

Y: L%,

then Eq. (2) can be used to determine the low fre-
quency closed-loop gain. The result is the standard

s=0 >

closed-loop expression: R,
Gy = Adep = — —— 3)
R,
1 :
where R, = —1—, R, = ——. Rearranging Eq. (1), we
Y, Y,

can investigate the error incurred by using the approx-
imation of Eq. (3)
1

Gy = A 4
ks [Wr%hq@r+hdj+l 0
¥Y.A!

where
Y, + Y,
Y, = ¥, + ¥y
Y,
A’ = As) —

(s) Y,

R,

Acr = — e

Thus the term
(YL + Y,) (G; + Acr)
YAt
should be much less than unity to minimize the devia-
tion from Gy = Ay, over the frequency range of interest.

If we compare Fig. 2, the amplifier circuit, with Fig.
3, the block diagram representation, and determine the
contribution of E, and E; to E; for Fig. 2,

R, R,
R T el T A
Thus, the E; junction acts as the adder element in the
block diagram of Fig. 3.

The preceding analysis is for a small signal ampli-
fier and does not take into account the slew rate of the
op amp. The slew rate limits the maximum rate of
change of large input signals that the output can follow.
It also defines the maximum frequency where full sine-
wave output swing can be obtained from the amplifier.
The slew rate (SR) is related to the peak sine-wave
signal (A4,) at a given frequency () by

SR =A,0
The change in closed-loop bandwidth caused when
an amplifier is driven beyond its slewing limit can be
shown by performing a bandwidth versus signal level
experiment. This involves plotting the effective closed-
loop bandwidth versus the input level for large signals
for a constant closed-loop gain and constant output.

The non-inverting amplifier

.Another basic configuration is the non-inverting am-
plifier shown in Fig. 4. The corresponding model for
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this circuit is Fig. 5, and the voltage gain equation is:

€0 _ AY, (Y, +Y)+Y,Y;
e Y, (Ti+Y)+ Y [V, (4+1) 47V +7]
+ Y. Y+ Y+ Yy))
When the same approximations are used as for the
inverting amplifier, Eq. (5) reduces to

®)

€ A
€ 7l Yf (6)
A———"——+1
Y+ Y

The corresponding single-loop feedback block diagram
for Eq. (6) is shown in Fig. 6.

When A is very large, Eq. (6) becomes
€o Yf + Y; R Vi
SR s i
which is the standard transfer equation for a non-in-
verting op amp.

If you compare the block diagram with the actual
circuit, you can see that the differential input acts as
the summing junction and the output is returned via
the divider action of R; and R;. Thus the physical cir-
cuit closely resembles the block diagram.

Temperature and offsets

Both the inverting and non-inverting circuits have a
resistor between the non-inverting input and ground.
This resistor balances the input base currents to the
transistors in the differential stage. In the inverting amp,
the resistor R, has a negligible effect on the voltage
gain equation but does affect the input impedance. For
high forward path gain the input admittance is Y.. At
the non-inverting terminal the input admittance is

Y: Y,
AY,

The requirement for a balance resistor, R,, comes
from temperature tracking of the input bias currents.
The base drive for each transistor is drawn through R,
and through R, in parallel with R;. Thus the difference
in the two currents will appear as a differential signal
and cause a corresponding signal at the output of the
amp. In addition, the difference between the two vy,
drops across the input transistors will cause an output
offset voltage.

Equation (8) with Fig. 7 shows the effect of external
components on the output offset voltage e, due to the
input offset voltage e_ and currents 7, and /_.

R, + Ry
R,

R
L) Rl — e ®)

1

=R I+ (1+

R; R,
——to balance the output
+ R, p

caused by the offset currelnts I_ and I, assuming that
I_ will equal 7 .. It is highly unlikely that 7 _ will equal
I, and the difference is normally given on the op amp
specification sheet. Since ¢,, due to input offset currents,
is a function of the size of the impedances, the differ-
ence between /, and /_ limits the size of impedances
that should be used.

R, should be equal to B
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Fig. 4: Another basic configuration is this non-inverting
amplifier. The corresponding model is shown in Fig. 5.

i 8

Orp a>m p

Fig. 5: This model for the non-inverting amplifier config-
uration is used to determine the voltage gain equation.

—0¢o

Yt
Y1 + Yf

Fig. 6: The feedback loop affecting frequency stability is
clearly seen in this block diagram representation of the
non-inverting amplifier shown in Fig. 5.

Op amp

Fig. 7: The input offset voltage, e_, and currents, I, and I,
are indicated in this model of the inverting (or non-invert-
ing) amplifier.
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AAA AAA

l Ry R¢

e, =V o——wA -

———o
i
e, =e. O A\ +
2 ~i
R3
il
€imax=V
€imin=0 / t

Fig. 8: One of the simplest circuits designed was this gain
and offset amplifier. It served as a buffer and scale adjust-
ment amp. Two variations of this circuit are shown in Figs.
9 and 10.

VO~ M

otfatatsts

Fig. 9: This sample and hold circuit is one variation of the
gain and offset amplifier. The circuit operates as follows:
The input signal e, is applied to the series transistor switch
Q1, which then passes the wave to the non-inverting ter-
minal of the op amp. At time, t;, Q1 turns off and the charge
on C, is trapped (the leakage paths consist of the back
biased junction of Q1, the input impedance of the op amp,
and the resistor R;). The resistor R; is used to stabilize the
input impedance and droop characteristics over the vary-
ing repetition frequency of the input, the varying hold time
t;-t,, and the varying temperature. The actual circuit used
19, resistors with 50 ppm/°C temperature characteristics
and a 19 polycarbonate capacitor with a temperature
variation of —29, at —55°C and +0.89% at +125°C from
its value at room temperature. The worst case galn variation
was —1.39% at —55°C from room temperature value.
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In addition, the use of high value resistors causes
the output voltage drift (due to temperature variations)
to be associated primarily with the input offset current
drift. At the same time, the lower limit on output drift
is determined by the input offset voltage drift. The point
of crossover is determined by the closed loop gain and
by the magnitude of the feedback resistor. Equation
(8) can be used to find the output drift due to input
offset current and voltage drifts.

The gain and offset amp

The preceding discussion had major effects on the
designs used in the system. Now, a description of the
operation and experimental results is presented for the
various designs.

The simplest configuration was the gain and offset
amplifier (Fig. 8) which, without the offset feature,
served as an inverting or non-inverting buffer and scale
adjustment amplifier. The circuit amplified the input es,
which varied from O to +V volts, while e; was used to
offset the output to symmetry about O V. The relation-
ship between e,, 1, and e, and R;, R,, R; and R; is
given in Egs. (9) and (10):

e mazxr + el min
o [ i ma ] ©)
1 V €i maz — €i min
1 Rf [0w‘ maz — € min]

1
= — 10
Rz 2 €op — €i max + € min Rl ( )

where e,, is the required output peak-to-peak swing
and V — e, is the dc input voltage.

If R, is chosen to provide a low drain on e;, then
R¢ and R, are uniquely defined and Rz can then be
chosen to satisfy the dc balance conditions. Two vari-
ations of this circuit are shown in Figs. 9 and 10.

Some other designs

The op amp also functioned as an integrator in the
system (see Fig. 11). To understand its operation,
consider transistor Q1 as a reset switch modulating the
transfer from ¥V to e,. When Q1 is closed, ideally the

0. When Q1 opens, the Lap-

: . E, 1
lace transfer function is Vv T SOR

¥ . €o
transfer function I~ =
, as can be seen

from Eq. (3) when R; is replaced by S—(lﬂ— . By consid-
2 f

ering V' = V-u(t), a step function input, the output is

14
By e
C/R182 ’
which in the time domain is
o (1) = —
€ () R

For the Vgt condition of Q1, e, = Ve gr. Thus
a low saturation voltage is required for approximately
zero voltage between sweeps.
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A AMA .Y

|
l Rz Ry I5uF

Fig. 10: Here is a voltage converter that satisfies an in-
terface requirement for a non-inverted sweep of range O V
-to +18 V from an input sweep of range O V to +6 V.
Since the op amp has an absolute maximum supply voltage
rating of =18 V, it cannot produce the full output swing
directly. Instead, the output wave is offset to symmetry
about zero, the gain is set for a peak-to-peak swing of 18
V, and this wave is shifted for an output swing of O to
+18 V. The resistors actually used were 1%, 50 ppm/°C
types while the capacitor was a 109, tantalum. Tests of
the circuit showed a gain of 2.98 with a 0.79% variation
over the range —55° to +125°C. The amp used 15-V,
IN965 zener diodes to obtain a supply voltage of =15 V.
The dc drift at e, was only 20 mV while the voltage at the
zener diodes varied 2.2 V due to temperature character-
istics of the zeners. Because a relatively high voltage swing
was required, attention was paid to the effect that the
slew rate had on the effective bandwidth. The wave period,
T, varied over a 10 to 1 range while the ratio of t,/T varied
from 0.8 to 0.12 for the highest frequency. Most critical
was the high frequency, low ratio case. Although the unit
had a closed loop small signal bandwidth greater than
600 kHz, the high signal level output was limited to 67 kHz
at room temperature with a reduction to 38 kHz at —55°C.
This was enough to accurately pass the wave.

| 20kQ Reset

<0
33
1

€o

Fig. 11: The operation of this integrator, which uses 19
resistors with 50 ppm/°C temp. char., and a 1% poly-
carbonate capacitor, is fully described in the article. The
circuit was tested over temperature variations using a high
speed comparator in conjunction with a pulse width mod-
ulator. Results showed a —29, slope variation at —55°C
and a 19 variation at +125°C from room temperature
value. The sweep linearity was within 19, and the maximum
error between the actual and computed sweep widths was
1% when nominal component values were used for
computation.
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€] it

e,0 A

RZT ]\Cz

Fig. 12: The oscillator shown above was designed for a
900-Hz fixed frequency. Tests over temperature variation
showed a —0.49, amplitude change and a +29% frequency
change at —55°C. At +125°C, the amplitude varied +6%
and the frequency —19% from room temperature values.
While the frequency variation follows the general trend of
the precision capacitors, the amplitude depends on the
op amp saturation characteristic and is therefore more
temperature sensitive. Variations due to changes in the
power supplies were also recorded. For a +109% change
the frequency varied —0.4 Hz, while for a —109% change
it varied +0.3 Hz from a reference value of 899.3 Hz. The
amplitude of oscillation varied directly with the power sup-
ply changes since the saturation characteristic of the output
stage determines the amplitude. To improve this, back-to-
back-Zener diodes were added to the op amp output. The
amplitude variations were then +40.4% for a +10%
power supply variation, and —0.89%, for a —109% variation.
The use of temperature compensated Zeners would also
improve the amplitude variation with temperature.

e (for C¢=Cs=0)

82 R

8o

Fig. 13: This synchronous demodulator had a static linear-
ity curve of =19% for the range 0.02 to 3.5 V rms. Tests
over temperature variations showed dc offset of —1 mV
at room temperature became —2 mV at —55°C, and +3
mV at 4+100°C. The conversion gain varied —0.59, at
—55°C, and +0.8% at +100°C as compared to the value
at room temperature.
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Another application of the operational amplifier was
in an oscillator which used both positive and negative
feedback to parallel and series RC networks respectively
(Fig. 12). The governing equation is:

(=) o)

e

[4

~(s) =

B
X [m@ + CiR, — iR, R, :I 1
82+ s
CZR2 CIRI CIC2 RIRZ
Inspection of the denominator shows that the coeffi-
cient of the s-term is zero if

R,Cy + C\R, d |

C\R: SRy
This places the poles of the transfer function on the

. R : 2
jo axis. The ratio of & can be adjusted for this con-

n
dition for any values of R;, Ry, Cq, and Cs,.
An interesting case occurs when R;—=R,, and
. R
C, = C; for which
A
tion is then given by o =

= 2. The frequency of oscilla-

TR Thus a ganged resistor

can be used for R; and R», and the frequency can be
varied while maintaining the condition for oscillation
constant.

A synchronous demodulator was also designed (see
Fig. 13). Instead of a single-ended input amplifier, dif-
ferential inputs were used on the op amp which im-
proved the detected voltage by 6 dB and lowered the
harmonic content.

The description of the circuit makes the assumption
that R¢ << Y2 R; and V2 R;. The input wave is split
and applied to the emitters of Q1 and Q2. Transistors
Q1 and Q2 are in an inverted configuration and have
a nominal v..s: of 5 mV. The base drive signals e;
and e, are synchronous with the input signal and are
180° out of phase with each other. During the interval
of <t, t;> the signal at Q1 is shorted to ground while
the signal at Q2 is allowed to pass to the non-inverting
terminal, producing an amplified positive half-cycle
sine wave at the output.

During the next interval of <#,, to> the signal at
Q2 is shorted and the signal at QI is passed to the
inverting terminal of the amplifier, producing an in-
verted positive half-cycle sine wave. Thus the input is
full wave rectified. Through the use of capacitors C;
and C; we could smooth the output wave to any de-
sired ripple and thereby get an average value propor-
tional to the peak value of the input wave.

In fact, if the half-cycle time is much larger than

1
R—/‘CT, then . X
e (1) =~ — Bl N ep

R/ m™
where e, is the peak value of the input.

INFORMATION RETRIEVAL
Amplifiers, Integrated circuits,
Circuit design, Circuit theory

RUBBERIZED ABRASIVES

She-0-0-TH PO

COMPLETE KIT $750

CONTENTS: 8 tapered edge wheels %" dia. x %."; 16 cylinder points %" dia. x %" long; 16 bullet points %" dia. x 1" long; 8 bullet points %" dia. x %" long; 8 straight wheels 12" x
Y4" x Yi" hole; 16 straight wheels 7" x %" x 16" hole; 8 straight wheels 1" x 36" x Yi¢" hole; 2 wheel mandrels %z shank; 2 point manarels %" shank. For use at speeds up to 25,000 RPM.

$7.50 BUYS IT ALL — 80 piece introductory Kit 777 equally
assorted in 4 grit textures: coarse, medium, fine and extra fine.
TRY IT — Cratex Rubberized Abrasives improve the surface while pre-
serving critical workpiece dimensions by its unique cushioning action.
FINISH THE JOB—to your most exacting specifications—often in a
single operation. SEND FOR KIT 777 — or your FREE SAMPLE and
catalog illustrating the full Cratex product line and its applications.
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CRATEX i33islies
ABRASIVES
1600 Rollins Road *« Burlingame, Calif. 94010
Sold

through leading industrial distributors
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12 MIL-SPEC

MIL-R-39015

BOURNS HAS MORE POTENTIOMETERS ON DESC'S QPL
THAN ANY OTHER MANUFACTURER!

Available from your local Bourns Distributor!

Bourns is the world’s largest manufacturer of adjust-
ment potentiometers, with 18 years of leadership.
Bourns is also the largest manufacturer of Mil-Spec
potentiometers, backed by a total of 12 RT, RJ and
RTR models in our line.

The 6 RT, 5 RJ and 1 RTR models not only meet the
specifications of MIL-R-27208, MIL-R-22097 and MIL-
R-39015, but each is designed and manufactured to
consistently exceed each facet of these requirements.

BOURNS, INC., TRIMPOT PRODUCTS DIVISION e«

As in the past, you can depend on Bourns to deliver
the potentiometer you need. In this tradition of service
we now offer the Mil-Spec unit you may need for your
next critical application with 12 RT, RJ and RTR models.

* Not yet stocked in depth by distributors.

BOURNS

1200 COLUMBIA AVE., RIVERSIDE, CALIF. 92507
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GENERAL INSTRUMENT ADVANCED NITRIDE TECHNOLOGY

among RAMS

™
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ElANT 32-bit stafic RAN - the first Random Access
Memory directly compatible with T'TL, DTL and \ON,
expandable in all directions, is also the lowest priced.”

-17v 5V
12V +5V. o
Iv,, Iv Voo =
8 1 14 h Vss Vee v
2 8 1 14 v
TTL/DTL - 2 2
ALL INPUTS —} Roans MOS
3p—> /o ALL INPUTS —) g s
DATA OUTPUT TO HIGH OR
< 3}——> Low voLTace
) MOS OUTPUT
TTL/DTL Operation MOS Operation
ADDRESS
ENABLE l I \I L
- - - .
ADDRESS B | pa6 A ras = =
6 RA 6
INPUTS —>] A= % A= A
o 3] 4803 3| 803 3| 4803 3] 4803
- - ] —
DATA INPUT A’ >—T T
DATA INPUT "B’ DATA INPUT “C DATA INPUT “D’
WRITE STROBE
READ STROBE
1T 2ND 3RD aTH
BIT BIT BIT BIT
ouTPUT OUTPUT OuUTPUT OUTPUT
Block Diagram for 32 x 4 bit words
1ST 2ND 3RD 4TH 5TH 6TH
INPUT INPUT INPUT INPUT INPUT INPUT
BIT BIT BIT BIT BIT BIT
= 3 3 3 3
ADDRESS ™ RA-6- RA 6. RA 6 RA 6. RA-6. " RA-6
NPUTE —— A A 4803 A" 4803 A as03 A"d 4803 A'Y 4803 A3 4803
—_— 3 = = 3 ] -
READ STROBE
WRITE STROBE
1ST 2ND 3RD 4TH 5TH 6TH
INPUT INPUT INPUT INPUT INPUT INPUT
BIT BIT BIT BIT BIT BIT
3 3 3 =
RA 6 RA-6 RA 6 RA 6 RA6 RA 6
A3 4803 A3l as03 A" aso3 A3l 4s03 A 4803 A3 as03
- — o ] - -
ADDRESS
ENABLE
1sT 2ND 3RD 4TH 5TH 6TH
BIT BIT BIT BIT BIT BIT
OuUTPUT OUTPUT OUTPUT OUTPUT OUTPUT ouTPUT
Block Diagram for 64 x 6 bit words

The GIANT 32-bit RAM stands far above the others. Designed arrays as a scratch-pad memory and as a replacement for core
for both large and small memory system applications, it is the memory systems. Upon application of the correct binary ad-
latest addition to General Instrument’s exclusive GIANT family dress and strobe pulse, any one bit word may be updated or
of LSl devices. Present in the 32-bit RAM are all the advantages read out on the corresponding data-in or data-out terminal.
inherent to products of the General Instrument Advanced Included in the features of the GIANT 32-bit RAM are: low
Nitride Technology (GIANT). These include: the elimination of power dissipation of 90 mW, high speed, non destructive read-
interface circuitry, a reduction in the number of system power out (NDRO), and a full military temperature range of —55°C to
supplies, a reduced parts count and fewer interconnections, +125°C.

lower power dissipation, increased operating frequency and an The GIANT 32-bit RAM is immediately available from your
increased operating temperature range. authorized General Instrument Distributor.

A most significant feature of this GIANT RAM—and of every For full information write, General Instrument Corporation,
standard GIANT product—is the V¢, terminal, which gives the Dept. R, 600 West John Street, Hicksville, L.I., N.Y. 11802.
user a choice of interfacing directly with TTL/DTL or MOS. (In Europe, write to General Instrument Europe S.P.A.,

The GIANT 32-bit RAM is a monolithic circuit containing 32 Piazza Amendola 9, 20149 Milano, Italy; in the U.K., to General
DC storage flip-flops with 5-bit address decoding for both Instrument U.K., Ltd., Stonefield Way, Victoria Road, South
read and write. It is intended for use in medium and large Ruislip, Middlesex, England.)

$11.80 each in quantities of 100 pcs. for the RA-6-4803 in a 14-lead dual in-line or 14-lead flat pack

GENERAL

INSTRUMENT

GENERAL INSTRUMENT CORPORATION + B800 WEST JOHN STREET, HICKSVILLE, L. I, NEW YORK
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What this country
needsis agood
nickel cigar...

and a %; square
industria

cermet
trimmer.

Beckman®

INSTRUMENTS, INC.

Helipot has the trimmer for $3.50 list... iy
now available in local stock. FULLERTON, CALIFORNIA » 9263
(But you’ll have to find the cigar.) SEOTLANDY LONDON, MEXICO CITY: MUNGH: PARIE! SYOSRHOLM, ralke
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IC IDEAS

This month’s Ideas Page
971 Single-pulse generator steps digital systems ................. 78
972 - Switching-mode heater control. . .. .. i i s s 78
D73 Nanaieaaetiius counter . .. YL e s aa e e Lo 79
974 Digital gain control foropamps. ... ............. . ... ....... 79

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.

» |f 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.

e After 12 issues our readers will vote on the best

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

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

Submit your IC Ideas to:

Alberto Socolovsky

Editor

THE ELECTRONIC ENGINEER

Chestnut & 56th Sts.

Philadelphia, Pa. 19139

Here’'s how you voted

The winning Idea for the August 1969 issue is, “‘Op
amps give mutually-exclusive digital sequencing.”

Maxwell Strange, our
prize-winning author, is a
Senior Design Engineer at
NASA's Goddard Space
Flight Center, in Green-
belt, Md. Mr. Strange has
chosen the Triplett Model
600 TVO multitester.
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971

Jeffrey Lowenson
AMF Thermatool, New Rochelle, N. Y.

If you have ever had to trouble-
shoot a digital system, then you
know that it is desirable to be able
to step circuits one step at a time.

This circuit gives you such a ca-
pability. It uses the digital system’s
clock to provide one and only one
pulse each time the ENABLE button
is depressed, and thus eliminates the
need for troublesome one-shots.

The illustration shows one half
of a Fairchild DTyl 9946 quad, 2-
input NAND gate used to eliminate
the effects of the pushbutton
bounce. A Texas Instruments SN-
7473 dual, J-K, master-slave flip-
flop generates the output pulse.

Single-pulse generator steps digital systems

Clock >

1/2-9946

ENABLE

b

i
et

Clock

ENABLE 1

SN7473
I t
J Q J Q Pulse ou
qT1 i
Kcp K Q
T RESET

Pulse out

RESET

4]

972

Dennis R. Morgan

General Electric, Syracuse, N. Y.

Here's a simple, inexpensive and ef-
ficient temperature regulator. The
circuit’s efficiency results from the
variable - duty - cycle series switch,
Q,, which supplies power to the
heating element.

Differential amplifier A, (Fair-
child pA730) is a multivibrator
running at about 1 kHz. Because
the charging current for C; and C,
is supplied through R; and Ry, the
voltage difference between V; and
V., controls the multi’s duty cycle.
Transistors Q; and Q, provide level
change and drive for the 12-W
heater.

Thermistor R, is the temperature
feedback element, and R;, R,, Rj,
and R, together form a bridge bal-
anced at the reference temperature.
These resistance values must be

Switching-mode heater control

R

heater

|
>
$T)150kQ
=T +50%
Q@ To 7

>
[}
S
el
(6]
w
>/~

B

A/
N
@
=
<]

1=
M
!
r

= ,05°C

Sy
Oven |
temp |

To

Ambient temp
compatible with the bias current and
common-mode voltage needs of A,
another . A730. Amplifier A, is an
error amplifier, and has a push-pull
output to drive the controlled multi-

12V

Power to _ 1|
heater T +T2

x |2 watts

vibrator, A,.

The circuit is insensitive to noise
and supply-voltage variations, and
holds temperature to #=14°C over
the operating range of the heater.
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VOTE: you ke best.

973 Variable-modulus counter

Ron Kostenbauer
Leach Corp., Azusa, Calif.

This variable-modulus counter uses
as a divisor any number from one
to eight. The circuit consists of in-
expensive flip-flops, gates, and a
binary-coded-octal switch.

The switch is a Digitran Model
8058, which has a circuit board for
mounting the diodes; it also has
complement outputs. Two Signetics
8424 dual, rs/T binaries, and a
Signetics 8480 quad, 2-input NAND
gate form the counter.

The thumbwheel switch sets the
desired modulus and forces the flip-
flops back to their O state. The
latch ensures the flip-flops reset.

Should you wish a one to ten
count, use a BCD switch with an

DIODES=IN270,_

AN = H N —

" C 63
l: S Q4 L s Ql-¢ s QH Binary coded
Clock octal switch 7%
Vs T i T
R R ‘

2
—4 0
°o|
=]
4 0
°ol
==
P
°ol

e ey,
>
Clock LI LILILS

FF-I

FF-2 K liraagl eh
1
PR o T

additional flip-flop and two more N r
diodes. 62 LJ
974  Digital gain control for op amps
William E. Peterson
ITL Research Corp., Northridge, Calif.
Try this unusual approach to con- N Ry
! ; . +ein AN B
trol the gain of a linear amplifier; 1kQ op
it solves many a problem in com- Amp o s B0

puter-controlled, analog systems.

The circuit uses an op amp in a
non-inverting connection, so that its
voltage gain is 1 + R;/R,, where
R, is the resistance between the
non-inverting input terminal and
ground. If you restrict e;, to analog
signals that are positive with respect
to ground, then feedback current i
will always flow in the direction
shown.

In the circuit diagram, R, of the
gain equation is replaced by R,, Rj,
and R,. The hex inverter connects
these resistors to ground either sing-
ly or in any combination, accord-
ing to the drive supplied to it, and
thus sets the circuit’s gain,

If any inverter output is a logic 1

l: 1k '

Gain CRp Rg3 €o Rt
control H——AA n "Ry
bits R in B
CR where: Ry is either R2,R3,
_3 ?.4,. or R4, or any parallel
L 2";5' combination.
1/2 Hex
inverter

(about 5 or 6 V), then the diode in digital gain settings, but you can

series with that output is reverse extend this number to whatever you

biased, and the associated resistor need, simply by adding more in-

is not in the gain control loop. verters. And you can use any op
The illustration shows eight (23) amp or inverter that’s handy.
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This little relay is

It’s about a third as big as the others. Costs less, too.
Its 3PDT contacts will switch 3 amperes.

This little relay saves money and
chassis space. It measures only 1”
x 1”7 x 13" high. It costs only $4.60
in single lots*. It may be mounted di-
rectly to a chassis, in a socket or on
a printed circuit board.

Meet our new KNP Series . . . de-
signed for reliable duty in appliances,
vending equipment, business ma-

chines, machine tool controls and a
host of other applications.

This relay has Underwriters’ Lab-
oratories component recognition (File
E 22575—Magnetic Motor Controlier)
for 1/10 HP, 120V AC; 3 amperes, 32V

*3PDT, 24V DC model. Quantity discounts apply.

DC resistive; 3 amperes, 240V AC.
Two sockets are available. The first

snaps into a metal chassis and re-

quires no retaining spring. It has

pierced solder terminals. The second

is designed for use on p.c. boards.
Both sockets can be furnished with a
grounding lug.

KNP relays may be ordered with
printed circuit terminals for direct
mounting on p.c. boards. The assem-
bly of six relays shown above requires
a board space of only 634" x 1”.

KNP SERIES SPECIFICATIONS

Arrangements: 1 Form C (SPDT), 2 Form C
(DPDT) and 3 Form C (3PDT).
Rating: 3 amps @ 30V DC, resistive, or
120V AC. Also available with silver-
cadmium oxide rated 3 amps @
30V DC, inductive, or 120V AC.

Voltages: To 120V AC, 50/60 Hz.
To 110V DC.

Pick-up @ 25°C: AC: 85% of nominal voltage.
DC: 75% of nominal voltage.

Expected Life: Electrical: 100,000 operations
minimum @ rated load.
Mechanical: 10,000,000
operations minimum.

Temperature Range: —45° to +70°C.

Get full information today. Call your
local P&B sales engineer or write di-
rectly to Potter & Brumfield Division
of American Machine & Foundry Com-
pany, Princeton, Indiana 47570.
Phone 812/385-5251.

STANDARD P&B RELAYS ARE AVAILABLE FROM LEADING ELECTRONIC PARTS DISTRIBUTORS

AVF | POTTER s BRUMFIELD




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

The operational amplifier in linear active net-
works, G. S. Mosc (/fz, Bell Telephone Labs, Inc.,
“'|EEE Spectrum," Vol. 7, No. |, January 1970,
pp. 42-50. Lower costs have allowed the increas-
ing use of op amps in linear active networks de-
sign. The author discusses two-port characteristics
gain stability, and sensitivity of a non-ideal
op amp and presents a unified approach to
both inverting and non-inverting modes of am-
plifier operation.

Circuit Design

*Four ways to get active . . . with filters, Har-
mon G. Washington, Motorola Inc., ''The Elec-
tronic Engineer,'” Vol. 29, No. |, pp. 50-55. The
advent of inexpensive IC op amps has reduced
the need for LC filters with large, expensive
indicators. Now, you can design RC active filters
with high Q and better stability characteristics
—and at less cost—than is possible with con-
ventional LC types.

A sfep-by-sfeg active-filter design, J. Tow, Bell
Telephone Labs, Inc., "IEEE Spectrum," Vol. &,
No. 12, Dec. 1969, pp. 64-68. |f you have ever
designed passive filters, you can now add a new
line to your resume. This article gives you a
five-step approach to active filter design and
relates the steps to those you would take if you
were using passive components.

Go push-pull_ for mugnaﬁc deflection, A. M.
Hildebrant, General Electric Company, '"Elec-
tronic Design,' Vol. I8, No. 2, January 18, 1970,
pp. 70-74. Temperature causes the deflection yoke
resistance to change. By using a push-pull de-
flection system you can overcome this and other
deflection yoke problems. This article describes
a differential push-oull deflection system.

Desk-top calculators close the gap, Ivar W.
Larson, Hewlett-Packard Company, 'Electronic
Design," Vol. 18, No. I, January 4, 1970, pp.
114-116. Desk-top calculators can help you solve
some of your design problems. You can get

some idea of the calculators versatility from
this article.

Improve receiver frequency stability, Charles E.
Dexfrer.“Wctkins-Johnson Company, "Electronic
Design,'" Vol, 18, No. 2, January 18, 1970, pp.
76-78. Wide tuning range receivers face the
Dl‘pblem§ tuning dial inaccuracies and oscillator
drift. This article describes a stabilizing method
that will overcome these problems. It “is called
digital automatic frequency control, and can be
accomplished for little more than the cost of
a counter.

<—Circle 44 on Inquiry Card

Communications

What's ahead in communications? J. C. R.
Punchard, Northern Electric Labs, "IEEE Spec-
trum," Vol. 7, No. |, January 1970, pp. 5I-54.
Without making detailed predictions, the author
investigates possibilities for communications
within the next 30 years. He suggests that
economic and time factors may make simulation
of nonexistent technologies worthwhile.

Components

*Mil-Std-220A for filters needs updating, John
E. Hickey, Jr., Managing Editor, ''The Electronic
Engineer,'' Vol. 29, No. 2, Feb. 1970, pp. 84-86.
This military standard does not meet the needs
for proper testing and evaluation of filters for
power lines. What are some ot the problems
and what should be done? Some of the answers
are here.

How to ruin pushbutton switches, Clyde J.
Schultz, Switchcraft, ''EEE," Vol. i e. M,
November 1969, pp. 37-39. Most of this article
is on design, rather than on application, of
switches in general. It contains two good tables
comparing properties of materials for contacts
and insulators, plus nine recommended prac-
tices for the design of switches. In addition, it
lists several ways, most of them under the
control of the switch designer, rather than the
user, to burn such switches.

Computers and Peripherals

Standard read-only memories simplify complex
logic design, Floyd Kvamme, National Semi-
conductor, ‘'Electronics," Vol. 43, No. |, Jan. 5,
1970, pp. 88-95. With large scale integration
standard read-only memories are practical and
can be economical, with small size. Memories
with up to 2,048 bits per chip are now available
with 4,096-bit units coming. How these work
and methods of applying them to computers
is described. This article is the I4th in a series.

MOS Memories, David Leonard, Texas Instru-
ments, "EEE" Vol. 17, No. Il, November 1949,
pp. 54-61. The article explains the operation of
the now popular MOS memories—random-access,
content-addressable, and read-only. It lists the
size of these memories available today in the
market, as well as some of their most important
characteristics—such as speed and power dis-
sipation.
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ABSTRACTS

Bipolar Memories, Melvin G. Snyder, Raytheon,
fnc., “'EEE," Vol. o. I, November 196/, pp.
62-67. Since, thanks to their speed, bipolar
storage cells are most suitable for random-
access memories, the article concentrates on
this type of memories. Specifically, it explains
a random access memory that is location ad-
dressable (a scraich pad memory). The systems
described in the article use, as a building
block, a é4-bit monolithic chip organized in 16
words by 4 bits. With several of these chips,
the article shows how to put together scratch
pads of up to 1024 bits (128 by 8 bits). The
description of the system includes the addressa-
ble decoders and sense amplifiers, plus a curve
showing the tradeoff in pins-per-package with
word size, for different memory sizes.

Simple electroplating process allows high-density
waffle-iron memory to be built easily, inexpen-
sively, Peter Lcnglois, Nye Howells, and Alan
Cooper, Standard Telecommunications Labora-
tories, ''Electronics,'" Vol. 43, No. 2, January
19, 1970, pp. 107-109. Similar to the post- and
film memory described in another article in this
issue, is the waffle-iron memory described here.
This memory uses square wafers of ferrite grooved
to make an array of posts. A thick/film mag-
netic on a substrate is laid over the ferrite to
act as the storage film.

Post-and-film memory delivers NDRO capability,
low noise, high speed, but avoids problem of
creep, Robert F. Vieth and Charles P. Womack,
Litton Systems, 'Electronics,' Vol. 43, No. 2,
January 19, 1970, pp. 102-105, Batch production
of computer memories has been the aim of
designers for many years. While ferrite cores
have been good, the expense of stringing and
their size have been limiting factors. This article
describes a post-and-film  memory that looks
good for future memories.

Digital Design

Symmetrical ECL doubles IC NOR function effi-
ciently, Hans-Wilhelm Ehlbeck and Herbert
Stopper, AEG-Telefunken, '"Electronics,' Vol. 43,
No. I, Jan. 5, 1770, pp. 142-144. This article
describes symmetrical emitter-coupled-logic ICs
that provide two NOR functions with much
lower propagation delay and power dissipation
than standard ECL.

Convert digital data, A. H. Firm and M. M.
Miller, RCA, 'Electronic Design,'' Vol. 17, No.
26, Dec. 20, 1969, pp. 70-73. This is the third
and final part of a series. In this part, one
type of parallel-to-serial and two types of
serial-to-parallel converters are presented. Truth
fﬁbles. Karnaugh maps, and logic diagrams are
shown.

Single-map method speeds design, Mitchell
Marcus, IBM Corp., ""Electronic Design,' Vol. 17,
No. 26, Dec. 20, 1969, pp. 66-68. Using the
single-map methods instead of the multiple
Karnaugh map method is faster for designing
sequential logic circuits. The number of flip-flop
rules is the same, but they are applied at dif-
ferent stages. The two techniques are con-
trasted by showing the design of a triple flip-
flop both ways.

Integrated Circuits

*IC ldeas, ''The Electronic Engineer," Vol. 29,
No. I, pp. 65-7]. Here are the Il best IC
applications published by us during a full year.
These were selected by our readers through their
votes.

MOS Course—Part |, The Basic Structures, E.
Marshall Wilder, Fairchild Semiconductor, ''The
Electronic Engineer," Vol. 29. No. 2, Feb: 1970,
pp. 58-64. This article, the first in a series on
MOS, treats the various structures of the MOS
device. Included is a tabulation of parameters
for the different types of low-threshold MOS.
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Need to design a switching regulator? Michael
J. English, Instrumentation and Control Systems,
Fairchild Semiconductor, ''Electronic Design,"'
Vol. 18, No. |, January 4, 1970, pp. 105-111.
Power supply regulation can be done using
linear ICs. The design is relatively simple and
gives you low cost and high efficiency. Basically
an application article, the various circuits de-
scribed use a wA723 5

A perspective on integrated electronics, J. J.
Suran, General Electric Company, "IEEE Spec-
trum," Vol. 7, No. |, January 1970, pp. 67-69.
Just as the basic ground rules of IC design are
being drastically changed so too is the internal
structures of electronics businesses. LS| promises
to bring even more challenges. This rather com-
plete presentation touches almost all aspects of
the technology.

Microwaves and Microwave Products

*Sweep measurements cut costs, Walter White,
Jr., Western Electric Co., ''The Electronic En-
gineer,'" Vol. 29, No. I, pp. 57-61. In the past
microwave measurements were made with point
to point measurements. This did not give a true
picture of the system. You can do it faster and
more accurately with sweep measurements.

Designing with microstrip is easy, Carl F. Klein,
Johnson Service Company, 'Electronic Design,"'
Vol. 18, No. |, January 4, 1970, pp. 100-104.
Microstrip circuits can be designed once you
know some of the fundamentals. The funda-
mentals are described and then you are shown
how to design a microwave oscillator that is
similar to a Colpitts.

Surface wave delay lines promise filters for
radar flat tubes for television, and faster com-
puters, J. H. Collins and P. J. Hagon, Auto-
netics, "Electronics,' Vol. 43, No. 2, January 19,
1970, pp. 110-122. This is the concluding article
of the series describing surface wave delay lines.
This article explains how surface waves can
decode signals, compress and expand waveforms,
and modulate beams of ‘electrons. Many applica-
tions other than rodar, communications and
navigation are foreseen for this ''new com-
ponent.'!

Solid-state microwave relay systems in Japan,
Fumio lkegami and Yasuaki Ninomiya, Nippon
Telegraph and Telephone Public Corp., '"|EEE
Spectrum,"" Vol. 6, No. 12, Dec. 1969, pp. 48-56.
Here is a history of how Japanese engineers
have upgraded that country's microwave links
with the advent of solid-state devices. The
article includes some comparisons of failure
rates of the solid-state systems vs the vacuum
tube systems.

Systems

Wanted: Easy-on-the-eye displays, John Kessler,
News Editor, ''Electronic Design,” Vol. 17, No.
26, Dec. 20, 1969, pp. 56-63. The need to con-
solidate and display masses of data in a simple
form gives impetus to display research. The two
classes of displays, graphic CRT computer ter-
minals and large-screen, are dlffergm‘lcn‘ed,
Progress and problems with such techniques as
reusable photochromic film, magnetc-optics, la-
sers, Schmidt optics, and fluid-film light-valve
systems are treated. The cost is high, and de-
velopments in LS| and mini-computers will affect
the future of these systems.

Test and Measurement

*Commercially avoilable word generators, Ste-
phen A. Thompson, Western Editor, ''The Elec-
tronic Engineer," Vol. 29, No. |, pp. 47-48. '[hrs
handy list is a useful guide to makers and lists
the important parameters you should know about
when buying a word generator.

*All word generators are not women, Jerry
Heyer, Mktg. Mgr., Crescent Technology Corp.,
"The Electronic Engineer," Vol. 29, No. |, pp.
42-45. A relotively uncommon instrument, the
word generator is often reinvented by test engi-
neers. Learn how it works, and find out Whl(:,h
of its operating parameters are important in
your application,

Avalanche diodes permit in-service measurements
of critical parameters in microwave equipment,
Norman Ghasek, Int'l Microwave Corp., 'Elec-
tronics,"" Vol. 43, No. 2, January 19, 1970, pp.
87-91. With avalanche diodes you can have a
built-in noise source that will allow quick check-
out of microwave equipment. Degradation can
be spotted quickly without the need for bench
tests. Parameters such as front-end noise, ampli-
fier gain, and tracking of gain and phase are
easily accomplished.

Computer-controlled testing can be fast and
reliable and economical without extensive oper-
ator training, Matthew Fichtenbaum, General
Radio, "Electronics,' Vol. 43, No. 2, January 19,
1970, pp. 82-86. While computer testing is not
new, it does require some decisions. Decisions
that need to be made are based upon what you
need tested now and possible future require-
ments. General Radio had arrived at some
decisions about their needs—here is some of
their thinking.

Miscellaneous

1970's Market Pacesetters, 'Electronics," Vol. 43,
No. I, Jan. 5, 1970, pp. 101-136. A marketing
type report covers the areas of computers, mili-
tary, solid state, components and packaging,
microwave, avionics, space, instruments, com-
munication, and industrial. Included in this re-
port is a é-page color chart listing the dollar
values of various electronic equipment types
and components.

Transistorized ground-fault interrupter reduces
shock hazard, Charles F. Dalziel, University of
California, '"IEEE Spectrum,' Vol. 7, No. I,
January 1970, pp. 55-62. By shortening the dura-
tion of the current flow, this simple sensitive
device reduces the hazard from low-voltage
electric shocks in the home and industry. Various
types of ground-fault interrupters are discussed
as well as the results of animal and human
shock incidents when protected by this device.

By 1980, you may need a doctorate, David N.
Kaye, West Coast Editor, ''Electronic Design,"
Vol. 18, No. I, January 4, 1970, pp. 94-97. Here
is a roundup of various editors ideas describing
what you can look for in the 70's. Subijects
covered are urban engineering, solid state in
consumer products, the computer and its growth,
microcircuits, microwaves and communications,
and education. You can get some insight of what
is expected to occur in the not too distant future.

Piezoelectric transducers, Don A. Berlincourt,
Gould Inc., "Electro-Technology," Vol. 85, No. I,
January 1970, pp. 33-40. If you are not familiar
with piezoelectric transducers then here is a
chance to learn. This article explains some of
the basics and describes some of the newest
applications for these devices and materials.

Liquid crystals and their applications, James L.
Fergason, Ted R. Taylor, and Thomas B. Harsch,
Kent State University, ''Electro-Technology,' Vol.
85, No. I, January 1970, pp. 41-50. Liquid crystals
are a new way of changing electrical,” mechani-
cal and thermal energy signals into colored
patterns. They can provide alphanumeric and
graphic displays, and can operate from almost
full light transmission to complete opacity. Right
now the devices are still in early development
stages.

Market trends in the electronics industry, Donald
G. Fink, General Mgr., IEEE, "IEEE Spectrum,"
Vol. 6, No. 12, Dec. 1969, pp. 57-60. The author
reviews the figures in the "EIA Yearbook—I1969"
and sees a significant trend. The one product
area that has increased its percentage share
of the market since 1958 was the industrial area.
Mr. Fink suggests that the engineer who wishes
to stay abreast of the changing electronics
marketplace had better familiarize himself with
the problems of the industrial user.

Airfield in the ocean Floating electronic
isle, John F. Mason, Military-Aerospace Editor,
""Electronic Design,' Vol. 18, No. 2, January I8,
1970, pp. 59-67. This article describes some of
the electronic equipment that is aboard the
aircraft carrier Franklin D. Roosevelt.
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Two bits
says
you've
never seen
alb amp
bridge
this small with

= 75 nanosecond recovery

= 25 amp surge rating

= PIV’s to 600V

= Controlled avalanche

= Wired or board mounted

= Made entirely with individually
fused-in-glass diodes

= Reasonably priced

Now that you have seen it, don't you want to know more?
First of all, you can get our data sheet, just packed with all
kinds of specs and charts too detailed to put in this ad. Just
circle the reply card now.

Second . . . if you send us your circuit requirements, we'll
see to it you get the right sample for the job.
And . . . if it's fast action you want, why not call Fred

Swymer collect at (617) 926-0404.

580 Pleasant St., Watertown, Mass. 02172, (617) 926-0404 w

STANDARD RECOVERY

PIV to 600V HERE'S WHAT IT LOOKS LIKE INSIDE AND HERE'S WHAT IT LOOKS LIKE
Rating 1.5A INSIDE THE INSIDE
Surge  25A 70 SILIGON SURFACE With the silicon die
l i . metallurgically
FAST RECOVERY (500 nsec) pa— ?;r:nc{ic;lb:it:;es?
3 5 E i
P|v. to 600V i"i T the same thermal
Rating  1.0A S . — J % SRV vttt coefficient, the
Surge  20A 03 1 hard glass sleeve is
4 !";’ fused to the entire
4 B outer silicon surface.
ULTRA-FAST RECOVERY (75 nsec) ! ll Result — a voidless,
PIV to zwv TERMINAL PINS METALLURGICALLY

BONDED DIRECTLY T0 siLicon ~ Mmonolithic structure.
Rating  1.0A

TWI
Surge  20A CE ACTUAL SIZE

The Electronic Engineer ¢ Feb. 1970 Circle 45 on Inquiry Card




COMPONENTS

Mil-Std-220A for filters

needs updating

Manufacturers and users agree that meeting the 220A’s requirements
for power line filters does not insure proper EMI protection

By John E. Hickey, Jr., Managing Editor

Mil-Std-220A appears to be a simple, straightforward
specification dealing with the testing of power line
filters for equipment. Originally issued as Mil-Std-220,
June 25, 1952, and revised on December 15, 1959,
it is now receiving increasing criticism and comments.
Why, and what does this mean to you?

Before we answer the questions posed above, let’s
go back one step. Electromagnetic compatibility (EMC)
has been and will always be important to users of varied
electronic equipment. Thus, as we become more and
more ‘“‘electronified” we must be more careful about
unwanted radiations.

Many design concepts and devices should be incor-
porated in clectronic equipment. But, the prime one is
a filter between the equipment and power source to
block EMI (electromagnetic interference) from power
lines and prevent its being passed on to other equip-
ment operating from the same power source. Hence, the
efforts and ideas behind Mil-Std-220A and other spe-
cifications for improving EMC are quite important.
(It is also important that you know your equipment
parameters to aid in the selection of a filter.)

While Mil-Std-220A requirements have to be met
only in military equipment, let’s face it, it’s just as
necessary for non-military equipment. And you can bet
your bottom dollar that in the very near future, EMC
is going to become virtually a household word, and
mandatory in all equipments.

Now, here is the big hangup: The Standard covers
filter insertion loss testing at only 50Q input and output

84

impedance. Unpublished data indicates that the im-

edance of 50/60 Hz power lines varies in the order of
2Q at 2 kHz to a maximum of 100Q in the range of
200 to 500 MHz, and falls off rapidly beyond this
point. The frequency region for 50Q is very narrow and
represents only a small portion for the 2 kHz to 1000
MHz range. Impedance will vary from power line-to-
power line, and outlet-to-outlet. Couple this with chang-
ing loads on the line and you have some idea of the
problem.

While some power line tests have been made, more
research is required in this area. With this data the
filter manufacturer can and must build his filters to
cover the “changing” power line impedance. Also, the
equipment designer must know and supply data about
his output impedance. To just assume that his im-
pedance is 50Q would be naive. These points are made
later by two men in the filter field.

One other point that has to be considered—the place-
ment of the filter in the equipment. If proper shielding
is not part of your equipment design, or the filter is
placed outside of the shielding, then you can have the
added problem of leakage around the filter.

A problem occuring frequently is that the equip-
ment designer looks at a filter catalog and picks out
a unit that appears to give him the needed attenuation
or suppression. He places this filter in a system, has
a big smile on his face and says, “Well, that clears the
problem.” Unfortunately, that’s not true. It is quite
possible for the filter to act as a resonator. Instead
of suppressing the signal, it may actually give his un-
desired radiations a boost, or at best, it may only offer
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a 10-dB suppression instead of a desired 45-dB sup-
pression. Obviously, if a filter is to be placed in a sys-
tem, it must be tested to learn if it gives the required
suppression.

It is at this point that his problems can start be-
cause the chances are that he does not know how to
test this filter in the equipment to determine its sup-
pression. So, just buying a filter off-the-shelf and plac-
ing it in the equipment because it seems to meet your
requirements does not solve the problem. What does
this lead up to? The same thing that you have probably
been hearing for years: talk to the filter manufacturer
during the course of your equipment design. Even if
you do not want to do this, a better filter standard
will give you a better chance. . . .

Recently, some people have been in contact with the
government about changing the spec. Here, then, are
indications of some of the work that is being done
or suggested for the needed revision of Mil-Std-220A.

Help the manufacturer

William Johnson, Task Manager of the SAE Sub-
committee on Filters makes the following comments
about Mil-Std-220A, and EMI filters in general.

“The source and load impedance seen by any inter-
ference filter is as significant as the inductance and
capacitance of the filter. These are obviously more im-
portant than the attenuation in an ambiguous 50-Q
system.

“What is primarily needed at this point is not just
another method of testing a filter, such a modification
of Mil-Std-220A or any other standard test method.
But most important is a method for the user of a
filter to tell the filter manufacturer what he actually
needs.

“This can be done in either one of two possible
methods.

® User specifies source impedance, load impedance
and attenuation over the entire frequency range.

® User specifies minimum values of inductance and
capacitance of the filter, the filter circuit, and realistic
attenuation measured in the system.

® The single most important factor, which we all
lose in the day-to-day operations of meeting a filter
specification or an EMI specification, is the ultimate
goal of achieving an EMI-compatible system.

“To accomplish this goal it is necessary to start
from the system level through the ‘black box’ level
to the filter manufacturer by more precise spelling out
of requirements.

® The system manufacturer must tell the ‘black box’
manufacturer what the impedance interface character-
istics are.

® The ‘black box’ manufacturer must know what
are the impedances that the ‘black box’ exhibits.

® The user of the filter must tell the filter manu-
facturer what the impedances are that the filter will see.

“If we continue to operate under the existing pro-
curement practices, then Caveat Emptor. Let the buyer
beware!”
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SAE COMMITTEE CORRESPONDENCE

1 October 1969

Society of Automotive Engineers, Inc.

Committes: AE-Lc.3 Reply To:

Mr. G. D. Johnson, Jr.

U.S. Army Ecom Labs.
AMSEL-RD-GF

Fort Monmouth, New Jersey 07703

Dear Sir:

With reference to your present effort concerning revision of MIL-STD 220,
the SAE Filter Subcommittee of the AE-L Committee on Electromagnetic
Compatibility is pleased to present the following comments.

A) Source and load impedance considerations must be included
and implemented in all functional criteria. (Functional
and Quality Assurance test criteria are distinguished in
Ttem D below),

B) Impedance considerations are of such importance as to
preclude the use of arbitrary impedance categories or
groups. Determination of impedance values must be left
to the discretion of the procuring activity.

C) Optimal filter design, based upon specified source and load
impedances, does not necessitate the utilization of conjugate
matching considerations. Further, the procuring activities
prerogative of assigning source and load values provides
adequate consideration of potential conjugate matching. The
term optimum, as used above, denotes the relationship
between system effectiveness and value engineering.

D) It is recommended that the revised MIL-STD 220 format
consist of three parts as tabulated below.

1. General Considerations.

2. Quality Assurance Testing (maintain existing 50 ohm
tests, however delete mandatory test configuration).

3. Qualification Testing (new test procedures be devised
to provide the capability to measure functional filter
performance under simulated operational conditions).

The aforementioned AE-Lc.3 Subcommittee on filters has assumed as a
task the rafting of a revision to MIL-STD 220A. Mr. W. Johnson,
Task Manager of the AE-lc.3 Subcommittee, will keep you apprised of
progress resulting from this effort.

Yours truly,

W. Johnson
The Potter Company

J. Fischer
Genisco Technology

L. Jakubec
Litton Systems

Fig. 1: This is a copy of a letter sent to the military about
Mil-Std-220A.

Improvements suggested

Dr. H. M. Schlicke, Allen-Bradley Company, has
some strong views and suggestions concerning Mil-
Std-220A. Here are some of his comments which were
stated at the 1969 IEEE International EMC Sym-
posium. Dr. Schlicke was invited to speak on this sub-
ject.

“DOD Directive 3222.3 of July 5, 1967, and Public
Law PL90-379 of July 5, 1968, both spring from the
recognition and growing fact that the rapidly increasing
use of communications, data transmission, computers
and automatic control will lead to interfering inter-
and intra-systems interactions. The results of operations
are not confined to the effect intended by each opera-
tion. The immunization of one operation against noise
or cross talk by all the other operations, equally striv-
ing for noise-free functioning, requires detailed control
plans and careful EMC design considerations to be
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Effect of
conventional filter

ik Insertion

/ "/1!/ gain
I
) \

Power

150 KHz 100 MHz

Above: An EMI filter can be worse than no filter when it
causes insertion gain as indicated. Sweep testing filters will
give a good view of a filter's ‘“spectrum.’”” Right: Insertion
loss varies when a load is switched on and off.

made at the inception of a system. In fact, the mode
of the system itself must be carefully selected.

“In EMC planning, power line filters are often over-
looked as a source of trouble because of a sense of se-
curity offered by Mil-Std-220A. But since power lines
infiltrate all systems, one must be sure that the filters
into the power lines perform as expected.

“The originators of Mil-Std-220A were aware that
their approach was, by necessity, highly simplified and
hence rather imperfect. But at least Mil-Std-220A was
a starting point for coming to grips with a rather per-
plexing problem: perplexing because a power line cer-
tainly does not represent 50Q over the whole frequency
range of interest and one does not know in advance
how much the actual filter performance deviates from
the idealized performance assumed by Mil-Std-220A.
Hence, often excessively over-designed filters are spe-
cified to compensate for a lack of confidence in their
effectiveness.

“Mil-Std-220A, with its 50-Q reference, is based on
assumptions contrary to the facts which are: one, inter-
facial impedances change with frequency, time, and
location and can be nearly anywhere on the Smith
chart; and, two, interfacial resonances in the stopband,
and eigen and interactive resonances in the passband,
render the conventionally predicted performance of the
filter illusory.

“Hence, new, more realistic criteria for filter test-
ing are necessary:

Compatibility: The test method must be a qualifica-
tion test and must permit selection of the more insensi-
tive filter. Insensitive meaning that in the broad area
about the cutoff frequency, the filter is relatively un-
affected by interface changes.

Predictability: The filter test method must permit
a selection of a filter that will be effective prior to in-
stallation of the system and independent of changes
in the system.

Reliability: The filter must not be destroyed by in-
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iLood f

Load 2

Compatible

P lossy filter

Load 2 off

Insertion loss
(load 1)

Frequency

Load 2 on

sertion gain in the so-called passband.

Practicability: Filters meeting the specs must be
economical and practical.

Simplicity: The test method should be reasonably
simple and brief.

“At this time, there is little agreement among the
members of the EMC community about how to change
Mil-Std-220A to something more meaningful.

“In the meantime some more experiments though
still not quite sufficient, and extended calculations have
been made. They provide a much improved under-
standing of how the filter performance depends on
random properties of the power line. Such understand-
ing will facilitate formulating a set of reasonable cri-
teria upon which to base final judgments.”

SAE action

The Society of Automotive Engineers (SAE) has
formed subcommittee AE-4c3 to draft a revision to
Mil-Std-220A. This group is headed by William F.
Johnson, The Potter Company, Wesson, Miss. A copy
of a subcommittee letter dated October 1, 1969 to the
military is shown in Fig. 1. This letter briefly describes
the subcommittee’s recommendations.

The Electronic Industries Association committees
G-46 and P3.3 are also struggling with the problems
of the Mil Standard.

If any of you would like to contribute to the pro-
posed changes, you can do this through one of the com-
mittees mentioned above, or directly to the military.
See Fig. 1 for the address of the military contact.

INFORMATION RETRIEVAL
Components, Filters, EMI
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PANDUIT ANNOUNCES THE

PENNY-TY

CABLE TIE

PANDUIT Announces The

“Penny-Ty"” SSTIM Miniature Sta-Strap®

The PANDUIT SSTIM “PENNY-TY” Cable Tie is
now available for 1¢ each in quantities of
50,000* or more from your local PANDUIT
distributor.

This harness tie is the standard of the elec-
tronics industry—harness diameter range of 0
to 3%” and loop tensile strength of 18 Ibs.
minimum.

The SSTIM has been on the Qualified Products
List (QPL) of MIL-S-23190B since 1964 and
meets the new Military Standard MS-3367-4
and the previous Standards MS-17821-4 and
MS-18034-4.

*In accordance with standard conditions of PANDUIT Price
Sheet Effective 12/1/69

Send coupon for complete literature, prices and samples. .

CORP.

17301 Ridgeland Ave.
Tinley Park, lllinois 60477
Phone: 312—532-1800 Telex 25-4560

) f@mnﬂi
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Cable Tie At 1¢ Each

Other significant price reductions are an-
nounced on other cable tie sizes in the complete
PANDUIT Sta-Strap Cable Tie line. These price
reductions are part of the continuing PANDUIT
cost reduction program, commensurate with its
leadership role in the harness ties field.

Millions of PANDUIT SSTIM Cable Ties are
successfully applied in thousands of commer-
cial and military applications. They are releas-
able prior to final tightening by hand or with
Panduit tension-controlled harnessing tools.

Contain no metal barbs; require no twisting.

Available for immediate shipment from your
local Panduit distributor.

To: PANDUIT CORP., 17301 Ridgeland Ave., Tinley Park, 11l. 60477

[0 Send prices and literature on complete cable tie line

[ Send sample kit of PANDUIT Cable Ties and Accessories
[0 Have Sales Representative call

Name

Firm

Address

City State Zip

400-37

VISIT PANDUIT NEP/CON WEST BOOTH 709
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P VARIABLE SPEED DRIVES TRON fusées offer you @ complete

,..88 used in machine tools and conveyor line—112 to 1000 amps- _voltages upP

controls. to 1500.

_‘f\@ INVERTERS They are designed for the protection of

. wherever it is mecessary to produce solid state devices such as gemi-conductor
alternating current from direct current, rectifiers, thyristors, gCR’s—wherever ex-

such as non—interruptable power supplies. tremely fast opening and great limitation

of let-through current is needed.
—~ b BATTERY CHARGERS : _ .
. used to charge patteries o industrial For full information on TRON Recti-
trucks, forklifts, etc: fier Fuses and time-current characteristic

charts, write for BUSS Bulletin TRFS.
PLATING POWER SUPPLIES
_..used to furnish direct current for elec-

tro-plating processes: BUSSMANN MFG. DIVISION.
— b+ POWER CONTROLS I;ﬂcc‘i_ravy-ﬁﬁon ;:1%:,
_..as used for heating, cooling and tem- t. Louis, Vo 6!

perature control applications.

SUPPLIED THE ECONOM\CAL WAY .
THRU D\STRIBUTDRS

_.or wherevera fast-acting fuse is needed
in the protection OF isolation of electronic
or electrical components.

FOR FUSES AND FUSEHOLDERS OF UNOUESTIONED HIGH
QUALITY FOR EVERY PROTECTION NEED . - -

88
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NEW PRODUCTS

Motorola antes up the chips

Beam lead laminate chip offers low cost with high performance

There has been much talk about
semiconductors competing with cores
and plated wire for main frame mem-
ory applications, but little action. While
the session ‘“What Happened to LSI
Promises?” was in progress at the Fall
Joint Computer Conference, Motorola
was busy announcing that it had put
together all of its technology to pro-
duce its new monolithic, Lsi, hybrid,
8-k Memory Module.

It has a worse-case access time of
120 ns, and a cycle time of 150 ns or
three times faster than the best con-
ventional main frame memories. Mo-
torola’s present manufacturing capac-
ity is committed, so deliveries of new
orders will not begin until mid-1970.

The large quantity price per bit is
about $.10 now and expected to drop
to $.05 by 1972. Motorola’s price-
performance predictions are presented
in the chart. On the floor of the ex-
hibit, a spot check of ten core and
plated wire manufacturers yielded
quotes ranging from $.01 to $.08 per
bit in quantity lots. Publicly, the man-
ufacturers are still downgrading semi-
conductor memories, but a couple of
them are acquiring semiconductor
technology “just in case.”

The Memory Module is a hybrid
structure and takes a lot of steam
out of the mMos vs bipolar argument.
P-Channel Mos chips containing 256
flip-flops each are used for high density,
low power storage. Standby power for
each chip is only 40 mW, Bipolar cir-
cuitry is used for high speed sensing,
word driving and decoding. Forty-two
monolithic Ls1 circuits are integrated
into a six plane stack measuring about
1.6 in, on a side. The module can be
used for 1-, 2-, 4-, or 8-bit words.
Three voltage levels, +5, —5.2, and
ground, are used to power the module.
Input/output levels are ECL compat-
ible,

The Electronic Engineer ¢ Feb. 1970

Price per bit
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Fig. 1: Motorola’s predictions for the
price/bit of memories as a function of
cycle time.

Motorola considers the solution of
the interconnection problem the most
important technical development in the
program, A new chip interconnect
method, the “beam lead laminate™ sys-
tem, was used after evaluation of other
techniques, including Motorola’s own
spider bonding, showed them to be
inferior,

The beam lead laminate is effectively
a miniature, two-layer, flexible pc card.
The dielectric is a 1-mil polymide film
on which metal is deposited on each
side to provide the conductor patterns.
The laminate provides a beam lead
device where the beams extend from
the interconnection pattern to the chip
bonding pads. This reversal of the con-
ventional pattern has several advan-
tages.

It allows you to combine Mos and
bipolar chips into one assembly, yield-
ing low cost and high performance.

s n
One of the four memory planes from
Motorola’s 8-k Memory Module with the
package lid removed. The bipolar array-
selection circuit is surrounded by 8
MOQOS 256-bit storage arrays. The beam
lead laminate structure surrounds the

chips and provides the interconnec-
tions. The upper conductors appear
light and the conductors on the bottom
of the laminate appear dark.

Bonding is done face-up, enabling
visual inspection of the bonds and aid-
ing heat rejection, because heat is dis-
sipated into the package base, instead
of out through the leads. Individual
circuits can be tested before assembly
and faulty chips can be replaced sev-
eral times, though only one replace-
ment per location is the Motorola
policy.

The 8-k Memory Module is a basic
building block for larger memories. A
typical example would be a 16-k word
by 17-bit word length memory pack-
age which would need 34 modules.
The entire package, including fan,
would fit into an 8 in. by 10 in. by 4 in.
enclosure, The quarter-million bit ca-
pacity would dissipate only 200 W
of power while retaining the 150 ns
cycle time.

Motorola Semiconductor Products,
Inc., Box 20912, Phoenix, Ariz. 85036.
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Are you ready for the CRT explosion?

It's coming — in information display devices. This
fast-growing, highly competitive field will witness many
refinements, increased technical sophistication, and
upgraded readout quality in coming months. You can
be ready for this explosion, if you take advantage of the
CRT capabilities at Fairchild-DuMont Electron Tubes.

Our credentials:

We've already designed and delivered CRT’s with
diameters from a fraction of an inch to two-and-a-half
feet . . . with electrostatic, magnetic and hybrid deflec-
tion and with up to 4000 character capacity. We've de-

signed more guns and sealed more glass than anyone
in the display tube field. We know conductive coatings,
too — inside and out. Your circuit problems become
simpler, because we build the parameters you need
right into the tube.

DuMont can expedite a prototype for you, and
deliver production tubes faster than anybody else.

So be ready for the big bang. Include DuMont'’s
CRT capability in your display thinking. And see. Call
Computer Tube Sales at (201) 773-2000 for technic~
sales assistance. TWX 710-989-7149.

ERAIER RN R
FAIRCHILD
b

DU MONT ELECTRON TUBES

A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION

750 BLOOMFIELD AVENUE, CLIFTON, N.J. 07015
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[EE| NEW PRODUCTS

Pre/post-selector rf amplifiers

With integral control circuitry and power supply.

These units give you a complete
pre/post-selector amplifier for micro-
wave receiving systems in one com-
pact package. They are specifically de-
signed to enhance receiver operation
by improving performance in the areas
of intermodulation, cross-modulation,
spurious-free dynamic range and se-
lectivity.

The amplifiers combine a dual YIG
filter, TwT amplifier, power supply and
YIG drive circuit in the one assembly.
One section of the filter provides pre-

selection and the other, post-selection.
You tune these units with a 0- to 10-V
analog input or by digital tuning that

comes as an option.

Two versions are being offered to
provide single- or double-band fre-
quency coverage. The table below lists
some guaranteed specs for the models
now available. Some notable options
offer higher gain, and tracking 120
MHz away from the pre- and post-se-
lectors by the addition of another YiG
filter. Watkins-Johnson Co., 3333 Hill-
view Ave., Stanford Industrial Park,
Palo Alto, Calif. 94304.
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Guaranteed Specs

WI-3017
Frequency range 2-4 GHz
Noise figure 11 dB
RF gain 30 dB
Tuner bandwidth, Min. 25 MHz
Power output 7 dBm
Input VSWR 2.5:1

Single-band

WI-3018 WIJ-3019 WIJ-3020

4-8 GHz 8-12 GHz 12-18 GHz
11.5%dB: «. 11:5:dB 14 dB

30 dB 30 dB 30 dB

30 MHz 30 MHz 35 MHz
7 dBm 7 dBm 7 dBm
2.5: 2.5:1 2:5¢1

i S

Double-band

e

WJ-3021  WJ-3023  WJ-3024
0.5-2 GHz 2-8 GHz 8-18 GHz
14 dB 125 dB 14 dB |
20 dB 20 dB 20 dB |
15 MHz 25 MHz 30 MHz
—5 dBm —5 dBm —5 dBm
2.5:1

3l 251

600 channel data acquisition system

The Cimron Division of Lear Sieg-
ler, Inc., San Diego, has announced its
new 8000 Series of Digital Data Ac-
quisition Systems. The entire system
consists of a single compact housing
containing all 1c plug-in assemblies for
systems components including scanner
control, comparator, digital clock, pro-
grammer, serializer, source select, and
program computer interface. Program-
mer cards give a limited control ca-
pability in place of computer control.
Cimron estimates that the elimination
of interfaces, troubleshooting, and
crosstalk could save 509 of the
amount a customer would spend as-
sembling a comparable system.

A six-digit numerical display serves
as a time shared readout for channel
ID, time, and calendar. Comparator
status is displayed above the data, and
provision is made for up to eight flags

The Electronic Engineer * Feb. 1970

to be displayed below the data for in-
dicating system conditions such as
“standby,” “display only,” “recorder
ready,” “comparator error,” “time er-
ror,” “recorder error,” and other de-
sired status symbols. A common supply
provides power for the complete DAS
8000 Series System. The scanner switch
assembly is mounted in a slide drawer
located at the back of the housing.
The system scans up to 600 chan-
nels of analog signals as high as 1000

EERNTS

Vrms. It scans randomly or sequen-
tially, measures dc, ac, resistance, low
dc, low resistance with speeds up to
23 channels per second, and records
with up to 16 character words (32 op-
tional) on magnetic tape, printed tape,
punched cards, punched tape, type-
writer copy, high-speed memory, or
any combination of these media. Com-
mon-mode noise rejection is 120 dB @
dc and 100 dB @ 60 Hz.

The basic unit costs about $15,000.
The total system cost varies, depending
on the choice of scanner, measuring
DVM, and recording equipment. A good
system can be assembled for about
$20,000, or $33/channel if all 600
are used. Delivery is 60 days.

Cimron Division/Lear Siegler, Inc.,
1152 Morena Boulevard, San Diego,
Calif. 92110.
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NEW PRODUCTS

Function generators

become more universal

Variable pulse width is latest wrinkle.

Function generators are getting bet-
ter. Recently they began producing
sine waves that are as good as those
from Rc oscillators in terms of distor-
tion and energy content.* They can
be used in almost all oscillator appli-
cations except those which demand
ultra purity in the sinusoidal wave-
form.

Now, Interstate Electronics is intro-
ducing a line of function generators
that encroaches on the domain of
standard pulse generators. Previously,
function generators provided only
pulses with a 15% duty cycle, a some-
what arbitrary value. Interstate’s new
line, Series 50, adds variable pulse
width to its capabilities.

During development, an attempt
was made to alter pulse width by
changing the slopes of the charge and
discharge ramps in the voltage-to-cur-
rent converter. This proved impracti-
cal, because changing the slope ratios
also tended to change the period.
Instead, Interstate incorporated the
method illustrated in Fig. 1. Assuming
negligible pot resistance, the following
equations apply to that system:

*See The Electronic Engineer, August
1969, page 88.
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The F55 is the top-of-the-line unit in
Interstate Electronics Corp.’s new line
of five function generators. All units
have a frequency range of 0.0005 Hz
to 10 MHz and variable pulse width is
standard. The F55 includes phase lock
and sweep in the same unit. Sweep
limits are set right at the frequency
dial.

Vl = Vrof = I R2
I= (Vin S Vl’ef)/(R1+R2)
Thus:
Vl — (l'k) Vl‘(‘f
where:
K= R,/(R;+Ry)
R, = 4Ry, so k = 0.8 and;
V1 — 0.2 Vrof + 0.8 Vin

The pulse width duty cycle is specified
as the time that V,, is high. This

+kVi,

changes linearly from 0% at Vi,
= 12V, to 100% at V,e = —12 V.
The switching point occurs at V., = 4
Vin, which is when V; = 0.

Other features

Other unique features of the Series
50 line vary with the model chosen.
All units cover the frequencies from
0.0005 Hz to 10 MHz, with a 50%
overlap on each range. Maximum out-
put voltage is 15 V peak-to-peak into
50 ohms, and it can be calibrated in
voltage and dB on the same dial. All
instruments will synchronize to exter-
nal signals within 1% of the frequency
setting. Sweep and phase lock are
available for the first time in the same
instrument. The simplified frequency
sweep width selector is located on the
frequency selector dial. Virtually any
periodical signal, not just sine waves,
can be converted into pulses of any
desired duty cycle.

Prices range from $595 for the
model F51 to $1195 for the F55. De-
livery is 6-8 weeks, beginning in
March. Interstate Electronics Corp.
707 E. Vermont Ave. Box 3117, Ana-
heim, Calif. 92803
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+IVe—=

O—— ¥ Vout = ¥5V if V{ <OV
-3V Vin R, out i,
Vout= OV if V>0V
Assume negligible pot resistance
\
I 1
+5
°  Vout

+12V
L R
+l2v I

Fig. 1. Variety is the spice of life.
When the variable pulse mode is se-
lected in Fig. 2, the output of the tri-
angle amplifier is fed into the variable
pulse width shaper. It appears as Vi
above and ranges between —+3 V.
Vin is connected through R; and R:
to a reference voltage, V..r, that can

>
>

<

Comparator

V2

be varied between —+12 V. One com-
parator input, V,, is picked off be-
tween R, and R. and the other input,
V., is grounded. For V.> 0, Vou: =O0.
For Vi<0, Vout = 5 V. When V.. is
changed, the relative time that V.u: is
high or low is changed, providing a
variable pulse width.

Where do waves come from?

Dialing a frequency corresponds
to selecting the voltage output level
of the frequency control unit (see
Fig. 2). The higher the voltage, the
faster capacitors charge and dis-
charge in the integrator, and the
higher the frequency of the triangle
wave at its output. The triangle am-
plifier simply boosts the signal to a
more useful level.

Feedback is provided by using a
voltage level sensor to sense the
amplifier output and switch when
predetermined = voltage levels are
reached. The resulting square wave
controls ramp current direction in
the voltage-to-current converter, and
can also be selected as an output
waveform at the front panel. The
triangular waveform can be selected
directly, or fed into the sine shaper
to provide sine waves. These three

waveforms are symmetrical, so in-
version would not be useful.

Four non-symmetrical waveforms
are also available. They are positive
or negative pulses or ramps, and
the colored waveforms correspond
to their selection. When one of these
is chosen by the function selector,
the relative rate of charging and
discharging capacitors in the vol-
tage-to-current converter is changed
so that 85% of the time is devoted
to charging and 159% to discharg-
ing. The resulting skewed triangle
is called a ramp and can be se-
lected directly, or inverted to ob-
tain a negative ramp.

The effect at the voltage level sen-
sor is alteration of the duty cycle
of the high output to 15% of the
period. This is called a positive
pulse and it can also be inverted.
This accounts for the seven normal
waveshapes of function generators.

L

lar to most other units in the series.

Voltage
or level
sensor
i 1
Voltage :
F’c‘o?\‘:::::y ] "Z;g;‘::::" Integrator — :,:\':qu::r o1 Inverter |—
A
a OQutput O
3 ™ umplif‘:er
Sine 5
A shaper 1~ )
s
Fig. 2. Functional block diagram of
Interstate Electronics’ new F51 L | Vverieble =
S 3 3 . & pulse width —
Multifunction Generator. It is simi- shaper
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MICROPOWER VCO
Offers 4+20.0 to +36.0 V (28 =8V).

This hybrid vco comes in a variety
of mechanical configurations. Subcar-
rier oscillator freqs for proportional
BW (400 Hz to 165 kHz with devia-
tions #+7.59% and of *=159%) and for
constant BW (16 kHz to 176 kHz with
deviations of +=2 kHz, +4 kHz, =+8
kHz) are available from stock. Tem-
perature stab. is #=1.59% dBW and
distortion 1% max. from —40° to
-+85°C. About $185 in small quan.
Lansdale Microelectronics, Inc., Ad-
vance Lane, Colmar, Pa. 18915. (215)
822-0155.

Circle 316 on Inquiry Card

100 AMP RECTIFIERS

Fast recovery featured.

Series 101KL40S20 and 101KLR-
40S20 units meet the need for fast re-
covery diodes occupying a position be-
tween devices now available at 35 and
250 A. They are available with reverse
recovery times of 1.5 ps and 2.0 ps
with up to 100 A at from 400 to 1300
V. Applications include inverters, SCR
assemblies and other areas requiring
hf fast recovery rectification. $25 ea.
(1 to 9). International Rectifier, Semi-
conductor Div., 233 Kansas St., El
Segundo, Calif. 90245. (213) 678-
6281.

Circle 317 on Inquiry Card

STRIPLINE PHASE SHIFTER

Switching time is < 100 ns.

Diode-activated 8.5 to 9.6 GHz
stripline phase shifter with possible
outputs of 0-, 90-, 180- and 270°
phase shift (accurate to 10%), ex-
hibits losses comparable to equivalent
stripline digital ferrite phase shifters,
but requires lower switching power
and can switch faster. Specs include a
vswr of 1.5:1 over the operating
range, 2.8 dB insertion loss and the
ability to handle 25 W. It is 3 x § x
3% in. $300. Solitron/Microwave, 37-
11 47th Ave., Long Island City, N. Y.
11101. (212) 937-0400.

Circle 318 on Inquiry Card
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NEW MICROWORLD PRODUCTS

DUAL PULSE STRETCHER
Generates noise-free pulse.

ol

12 O :
13 (O——1

9 O NSRS

This device, Type MC675, operates on threshold levels,
making input rise- and fall-times unimportant. Because the
device has a two-input NOR gate at the output, you can use
it either as a pulse stretcher or a pulse-shaping monostable
multivibrator. When the external input to this gate is low,
the device functions as a pulse stretcher. When you apply
a pulse to all three input terminals simultaneously, the de-
vice acts as a pulse-shaping monostable multivibrator.
Typical power dissipation is 180 mW/package and typical
propagation delay is 110 ns. The device has an operating
range of —40 to 75°C and sells for $4.95 ea. (1-999 pcs.).
Technical Information Ctr., Motorola Semiconductor Prod-
ucts Inc., Box 20924, Phoenix, Ariz. 85036.

Circle 309 on Inquiry Card

For maximum frequency stability,
get Motorola oscillators.

: Currently available
in production or prototype quantities.

When the maximum in frequency stability is required, choose from
Motorola’s line of proportional ovenized precision oscillators. All
are enclosed in an ovenized housing where the quartz crystal and its
oscillator circuit are held to temperature changes of small fractions
of a degree.

High Stabilities. To parts in 10-10 vs: environmental factors.

Wide Frequency Range. From 60 KHz to 20 MHz normal. Ex-
tended ranges available on special order.

Wide Temperature Range. From =55° C to +125° C.

Low Aging. Less than 5 x 10-10/day.

And if you need a non-standard oscillator, let us know your
requirements. We'll design one specifically to meet your needs.

For complete information send for your free copy of Bulletin
TIC-3401 today. Write Component Products Dept., Motorola Com-
munications & Electronics Inc., 4501 W. Augusta Blvd., Chicago,

Ilinois 60651.
@ MOTOROLA
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EIGHT-INPUT PRIORITY ENCODER

For encoding, multiplexing and conversion applications.
‘ ‘ —

The MSI 9318 converts eight active low-level, input sig-
nals to a 3-bit binary code, and gives priority to the most
significant input. It operates with a typical power dissipa-
tion of 200 mW and interfaces with current sinking logic.
You can use it in priority interrupt systems, multichannel
D/A converters, code conversion designs, associative mem-
ories, keyboard encoders and decimal to BcD converters.
If you have more than eight inputs, you can cascade the
device without additional circuitry. It’s in both a pip and
a flatpack for military or industrial uses. The price (in 1-24
quantities) ranges from $15.35 to $33.80. Fairchild Semi-
conductor, 313 Fairchild Dr., Mountain View, Calif.
94040. (415) 962-3563.
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DUAL D-TYPE FLIP-FLOPS
C-MOS devices feature low power dissipation.

Seto—

Master section C‘L Slave section

gl Tl e
CL
i t
CL CL
Datao— TG )
L TL TG
CcL ‘ f
TG or )
t —Do—g
ResetO—— — cL

Buffered outputs

e e

These devices are part of the manufacturer’s cos/Mos
(complementary - symmetry metal - oxide - semiconductor)
line. Both the CD 4013 and the CD 4013D give you two
independent flip-flops with buffered outputs and a set ca-
pability, on a single chip. All inputs and outputs are pro-
tected against electrostatic effects and the buffered outputs
provide isolation from external noise and loading effects.
Typical quiescent power dissipation is 50 nW /package with
a 10 V supply. The CD 4013 is packaged in a 14-lead flat-
pack while the “D” version is in a ceramic and metal prp.
Both are rated over the full military temperature range.
RCA Electronic Components, 415 S. 5th St., Harrison,
N. J. 07029. (201) 485-3900.
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BALANCED MODULATOR/DEMODULATOR

Monolithic unit increases carrier suppression.
MC1596

o
B
.
T
S
a
o
°
3

499 kHz 500 kHz 501 kHz

The MCI1596 gives you a typical carrier suppression of
65 dB (at 0.5 MHz) in communications systems. The unit
has adjustable voltage gain, balanced inputs and outputs, a
typical carrier feedthrough of 90 uV rms at 0.5 MHz, and
a CMRR of 85 dB typical. You can use it at carrier frequen-
cies up to 100 MHz in modulator/demodulator applica-
tions and up to 400 MHz in other applications. The circuit
is basically an input differential amplifier driving a pair of
closely matched, current-mode transistor gates. It’s in a
hermetically sealed, long-lead version of the TO-100 metal
can, and sells for $4.80 ea. in quantities of 100 and up.
Technical Information Ctr., Motorola Semiconductor Prod-
ucts Inc., Box 20914, Phoenix, Ariz. 85036.
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MEMORY INTERFACE DRIVERS

Drive memory elements from logic levels.

Vec —o +14V

G o Source
A collectors

F——o0Y (Source)
——o0Z (Sink)

——o0 X (Source)

————OW (Sink)
A BUPUIGE 56 o o P

S i

The SN75303 is a 150 mA transistor array designed for
interfacing between bipolar logic levels and magnetic mem-
ory systems. The SN75308, a 500 mA transistor array, in-
terfaces between bipolar levels and linear-select magnetic
memories. A 400 mA memory driver, the SN75324, inter-
faces between saturated logic levels and coincident-current
magnetic memories. This device replaces traditional dis-
crete high-current transistor-transformer circuits in mag-
netic memory systems. Prices, in 100-999 quantities, are
$5.65 for SN75303 in flat packs and $4.35 in plastic, $8.50
for SN75308 in plastic, and $6.20 for SN75324 in plastic.
Texas Instruments Inc., Inquiry Answering Service, Box
5012, MS 308, Dallas, Tex. 75222. (214) 238-3741.
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Resistance Length Diameter
Model |
MOX-400 1 - 2500 megs ¥ i§.130+ 010
MOX-750 | - 5000 megs A .50W 2,000V 130+.010
MOX-1125 1 - 10000 megs $4& |.00W 5,000V 130+.010
MOX-1 10K - 500 megs | & 2.50W 7,500V 284+.010
MOX-2 20K - 1000 megs 5.00W 15,000V 284+ .010
MOX-3 30K - 1500 megs { @ 7.50W 22,500V 284+ .010
MOX-4 40K - 2000 megs &10.00W 30,000V 284+ .010
MOX-5 50K - 2500 megs 1§ 12.50W 37,500V i 284+ .010
*Applicablie above critical dgsistance. || Maximumi operating tdmperature,
220°C. Encéipsulation: Si Confofmal. i

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. tGHam 4887 | Y/CTOREEN
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straightens leads faster-better!
niagara
wire

® straightener

INTERMESHING
ROLL BEARINGS!

Patented ("’Spin Roll”) intermeshing contact
roll bearings assure absolute concentricity
along full lengths of leads! Automatic
feed and discharge capable of over 3600
units per hour for high volume board

ACCEPTS DIA’S.
FROM .001” TO .062"

OVERALL LENGTHS

assembly. Operates manually for proto- UP TO 8~
type tests or short run production. Elimin- LEAD BENDS
ates human error, damage and te.

deranc waste UP TO 45°

ALL SIZES AND
SHAPES OF BODIES

Some sales territories available to ap-
proved representatives.

Write or phone for catalog EE
S,
A i x
ningara electro-mechanical torp.

B e

‘ ]71280 ERIE AVE., NORTH TONAWANDA, N. Y. 14120
PHONE 716 — 692-6404
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NEW MICROWORLD PRODUCTS

NUMBER CONVERTER

Uses read-only memory.

BINARY-TO-BCD CONVERSION
BINARY BITS
> e s 4 34 21 @
MC4001
MC4001
MC4001
MC4001 MC4001
MC4001 MCa001

bbbl
01GIT 1

BCD DIGITS

The Type MC4001 is a binary-to-BCD or BCD-to-binary
number converter that uses a 128-bit read-only memory.
You can build short conversion-time systems with this de-
vice since 12 bits of binary data can be converted to BCD
information in 400 ns. Conversion of any length binary or
BCD words can be accomplished by interconnecting the
units. Output capacitance is < 7 pF at 1.5 V and each
input has pull-up resistors to eliminate the need for ex-
ternal resistors. It’s in a 16-lead pip and has an operating
range of O to 75°C. $5.60 ea., (100-999 pcs.). Technical
Information Ctr., Motorola Semiconductor Products Inc.,
Box 20924, Phoenix, Ariz. 85036. (602) 273-3466.

Circle 228 on Inquiry Card

LSI MEMORY
Stores 1024 bits on one chip.

b

"""—"'I 13014 & COOES it r‘d‘ %

Model 3301, a Schottky-process, bipolar ROM, stores its
data in a 256 x 4 organization. The unit is fully-decoded
and provides random access in a maximum of 60 ns. Two
“chip select” leads permit expansion to a 1024-word mem-
ory without external decoding, and by adding two quad
gates you can expand to 2048 words. Standard units will
translate Ascil-8 to EBcDIC-8 and vice versa, or you can
get custom units to conform to any truth table. In quan-
tities of 1-9, the standard memories are $120. Custom units
begin at $3,000 for 10 units, including masking charges.
Intel Corp., 365 Middlefield Rd., Mountain View, Calif.
94040. (415) 969-1670.

Circle 229 on Inquiry Card

Over 15,000 Pressure-Sensitive
Electronic Component Drafting Aids

Exciting innovations in pressure-sensitive electronic
component drafting aids and techniques are detailed
in the new 1970 edition of the combined Bishop Tech-
nical Manual and Catalog 104A.

FREE
SAMPLES

e Over 15,000 multi-pad configurations, symbols,
tapes, sequential reference designations, targets, etc.

e Hundreds of time-and-money saving hints in mak-
ing artwork for PC boards.

e Make artwork for two-sided boards in perfect reg-
istration with the industry’s only photographically-
compatible red and blue tape system.

¢ Eliminate photography in making negatives for pro-
totype circuit boards with Bishop’s “B’’ Neg Nega-
tive Drafting System (Pat. Pend.).

Send for your FREE Catalog, FREE Samples.

Bishop Graphics, Inc.

7300 Radford Avenue, North Hollywood, California 91605

°(213) 982-2000 TELEX: 674672
©1969 Bishop Graphics, Inc.
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/new inexpensive D
fet input 2
hybrid :
op amp

Available in an epoxy dual |
in-line package, the Quan-
tum FET input op amp is pro-
duced using the latest thin film = |
microtechnology, and computer *
selected components. Its low price
combines with its advanced design

to make it ideal for inclusion in the
most sophisticated of instruments and g
equipment.

Send for more details on our custom hy-

brid capabilities.

b

Voltage offset
Initial @ 25°C #+5 mv max.
Trimmable to zero with 10K pot
Voltage offset vs. temperature (—25°C to +85°C)
OA-109 Typical 65 uv/°C
Max. 100 uv/°C
Open loop gain 150,000 typical
CMRR 65dB min.
Input bias current 75 pa max.
Voltage swing (Re = 2k Vs = =£15V) %=10v min.
Price (100 lot) $15.50

quantum devices corp.

(201) 385-9600

15 West Main Street Bergenfield, N. J. 07621/
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THIN-FILM PREAMPLIFIER
With dc to 10 MHz BwW.

You can use this device in wide
band tape reproducers and other low-
level magnetic transducers. It has 40
dB gain, 2.0 dB max. noise figure at
2 kHz, input capacity of 4 pF max.,
and power requirements of =12 V at
7 mA. Available in MIL-spec or com-
mercial versions. Odetics, Inc., 1845
S. Manchester Ave., Anaheim, Calif.
92802. (714) 530-6050.

Circle 230 on Inquiry Card

OP-AMP ARRAY

With adjustable transconductance.

The CA3060 is a monolithic array
of three independent amplifiers with a
transconductance that you can vary
from 10 pA to 1 mA. The device ic
in a 16-lead ceramic prp and will op-
erate over the temperature range of
—55 to 125°C. Price is $5.95 ea.
(1000 unit quantities). RCA/Elec-
tronic Components, 415 S. 5th St.,
Harrison, N. J. 07029.

Circle 231 on Inquiry Card

REFERENCE VOLTAGE SOURCES

Miniature unit for hybrid circuits.

These devices have a self-contained,
constant-current source and a com-
pensated voltage reference diode. The
combined coefficients give temperature
compensation and stability from —55
to 100°C. Price, in 100-999 quantities,
ranges from $6.50 to $23.20, with a 2
week delivery. Dickson Electronics
Corp., Box 1390, Scottsdale, Ariz.
85252. (602) 947-2231.

Circle 232 on Inquiry Card
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PLUS/MINUS REGULATOR
In a single TO-8 package.

E
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Series 873 has two thick-film volt-
age regulators in the same hermetically
sealed package. It’s preset to within
19% of %15 V and has an output cur-
rent of 100 mA. You can get adjust-
able output voltages from 8 V to 36 V
with an external potentiometer. Price,
$17.50 ea. (500-999). CTS Micro-
electronics, Inc., West Lafayette, Ind.
47906. (317) 463-2565.

Circle 233 on Inquiry Card

SENSE AMPLIFIERS
Improve threshold stability.

Series 7520 have a typical thresh-
hold voltage T.C. of —15 xV/°C over
the full military range. They detect dif-
ferential-input signals from core arrays
and provide logic-level outputs for in-
terfacing with TTL or DTL logic. Avail-
able in a 16-lead p1p. Prices (250 pcs)
vary from $5.70 to $9.05. Silicon Gen-
eral, Inc., 7382 Bolsa Ave., West-
minster, Calif. 92683. (714) 839-6200.

Circle 234 on Inquiry Card

TELEVISION IC

For automatic fine tuning.

SEMICONDUCTOR IC MEMORY

Typical access time is 6.5 ns.

The CD 2155D is a 16-bit, read-
write random access memory device.
You can use this 14-pin ceramic DIP
for scratch pad memories, high speed
registers, buffer memories, and micro-
programming applications. Price of the
device is $16 ea. in 1000 lot quanti-
ties. RCA/Electronic Components,
415 S. 5th St., Harrison, N. J. 07029.
(201) 485-3900.

Circle 236 on Inquiry Card

LOW-COST CLOCK OSCILLATOR
From 5 to 50 kHz.

e

This unit, Model 622, is a thick film,
hybrid oscillator housed in a standard
TO-100 plastic can. You use it with an
external, low-frequency crystal unit to
produce a square wave output at the
selected fundamental crystal frequency.
About $15 in volume. Gibbs Mfg. &
Research Corp., subs. of Hammond
Corp., 450 N. Main St., Janesville,
Wis. 53545. (608) 754-4467.

Circle 237 on Inquiry Card

AUTOMATIC MASK ALIGNER

For 1c wafers.

The CA3064 makes AFT practical
for receivers with low-level if output.
The device has a built-in input ampli-
fier for a 20 dB improvement in sensi-
tivity. Operating range is —40 to 85°C,
and it’s in a 10-lead TO-5 package.
Price is $1.40 ea. in 1000 unit quan-
tities. RCA/Electronic Components,
415 S. 5th St., Harrison, N. J. 07029.
(201) 485-3900.

Circle 235 on Inquiry Card

The Autolign 2686 uses an elec-
tronic system that compares the mask
with the wafer pattern and recognizes
when the two are aligned. Accuracy of
the unit is 1 pm and the average time
for complete cycling of a wafer
through both alignment and exposure
is 4 s. Kulicke and Soffa Industries,
Inc., Ft. Washington, Pa. 19034.
(215) 646-5800.

Circle 238 on Inquiry Card
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NEW LAB INSTRUMENTS

PROGRAMMABLE DATA GENERATORS

Give you 16 bits in NrRz format.

PHASE SHIFTER
With a phase range > 210°

Both of these units, Models 700 and 716 operate at fre-
quencies from a single shot to 75 MHz and the output
pulse train has less than 2 ns rise and fall times. Both units
provide complementary outputs plus a synchronized clock
output, and both can drive RTL, DTL, TTL and ECL circuits.
They also give you synchronous gating and auto/command
recycle. The output voltage is 0 to 5 V with a +=2.5 V off-
set. The difference between the two units is that the 716
requires an external input while the 700 has its own internal
oscillator. The units are priced at DG-700, $1950; DG-
716, $1495. Both have a 3-4 week delivery. Tau-Tron,
Inc., 685 Lawrence St., Lowell, Mass. 01852.

Circle 201 on Inquiry Card

AUTOMATIC REED SWITCH SCANNER

Provides continuous scanning of low-level signals.

START

Monsanto  paTA SCANNER MODEL 508A @

T SINGLE CYCLE  umims
& L] RESET
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You can use this data scanner for low-level, guarded
multiplexing of three or four analog signals or in 4-line/
digit data transfer, commutation or steering. Model 508A
has ten reed relays that connect four input terminals to a
corresponding set of output terminals. Contact ratings are
100 Vdc, max.; 150 Vac, max.; and 0.5 A, max. Open
circuit resistance is 105() min. and closed circuit resistance
is 0.1Q max. Solid-state, light emitting numerics indicate
the active channel. You can select the operating channel
manually, advance it in sequence from channel 1 to chan-
nel 10, or have the unit scan automatically. Dwell time/
channel is adjustable from 20 ms to 10 s. $595. Monsanto
Electronic Instruments, 620 Passaic Ave., W. Caldwell,
N. J. 07006. (201) 228-3800.

Circle 202 on Inquiry Card
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The Model 821 is a general purpose, uncalibrated sine-
wave phase shifter. It has a frequency range of 1 Hz to
1 MHz and a gain that is variable from —40 dB to
+40dB. You can use this instrument to provide phase
shifting capability in the reference channels of phase
sensitive detectors and lock-in amplifier systems. It was
designed to complement the manufacturer’s Model 822
phase sensitive detector. The unit features a phase stability
of <0.5%, an input resistance of 100 kQ, and an output
of 8 V peak to peak at up to 1 mA. Price of the instru-
ment is $425. Keithley Instruments, Inc., 28775 Aurora
Rd., Cleveland, Ohio. 44139. (216) 248-0400.

Circle 203 on Inquiry Card

DATA RECORDING SYSTEM

Gives you formatted mag. tape for off-line analysis.

The Model 7401B system comprises standard instruments
and the HP 2116B computer. The system scans 10 chan-
nels of analog data and 18 on/off events every 0.1 s. After
measuring and digitizing the analog data and converting
to engineering units, the system records all of the data on
magnetic tape along with timing and identification infor-
mation. It also displays the data on its front-panel digital
readouts. The system digitizes inputs as high as 100 Vdc
within #=0.006% . It comes with a software library includ-
ing all standard 2116B software and costs about $150,000.
The exact cost depends on the specific configuration and
the software supplied. Delivery time is 20 to 26 weeks.
Inquiries Manager, Hewlett-Packard, 1501 Page Mill Rd.,
Palo Alto. Calif. 94304. (415) 326-7000.

Circle 204 on Inquiry Card
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FIVE-DIGIT MULTIMETER
For rack mounting or bench use.

W SN

T -

The Series 5200/550 has a dc accuracy of =#+0.005%
of the measured reading and =#0.002% of full scale. A
dual-slope integrator and three-pole active filter give you
a normal-mode noise rejection of 100 dB at 60 Hz. Com-
mon-mode noise rejection is 120 dB and the ac capability
goes to 100 kHz. This instrument has 4 dc ranges, 4 ac
ranges, and 5 () ranges and all have a sixth digit 20%
overrange. Dc/dc ratio and Bcp output are options as is an
analog output for driving recorders. You also get autorang-
ing from 1 to 1000 V as a standard feature. Measurements
Div., Dana Laboratories, Inc., 2401 Campus Dr., Irvine,
Calif. 92664. (714) 833-1234.

Circle 205 on Inquiry Card

SYNTHESIZER SIGNAL GENERATORS
With a carrier range of 300 Hz to 470 MHz.

These units, designated series FSM 530, have fine in-
cremental tuning and precision modulation facilities for
am, fm, phase-modulation, pulse-modulation and sweep
applications. You can extend the frequency range to 1550
MHz with optional accessories. Crystal locked frequency
increments are provided every 10 kHz (for type FSM
533), 1 kHz (FSM 534), and 100 Hz (FSM 535), and
a fine tuning stage gives you 100 calibration points by
interpolating the respective crystal locked increment. All
the units have spurious phase noise of <0.05°, non-har-
monic sidebands better than 80 dB, and a built-in precision
attenuator which provides 1 dB steps from 0-140 dB with
0.2 dB accuracy. EMR-Hatboro, East County Line Rd.,
Hatboro, Pa. 19040. (215) 672-1240.

Circle 206 on Inquiry Card
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Plug-in IC
Time Code
Modules

that pack
more

functions

into less
space

Discard your old concepts of Time Code Generators and De-
coders! These newly developed solid state IC modules offer a
compactness and versatility you never before thought possible.
They are so densely packed, they operate in standard 4'2” card
slots! They'll also give you a choice of outputs plus simplified
interfacing with outside systems.

The Generator produces serial BCD Time-of-Day code in
standard IRIG B; buffered parallel Time-of-Day; or 1 PPS or 1K
PPS pulse trains. Accuracy is 1 part in 105/day.

The Decoder converts serial IRIG B into parallel BCD. It's
compatible with the Generator, but you can also tie it into any
direct line transmission, such as magnetic tape recorder, radio,
telephone or coaxial installation.

Both modules give you solid state reliability and accuracy,
even under environmental extremes. Write for information. Now!

Pk T 232 North Elm Street
NORTH AMERICAN PHILIPS Waterbury, Conn. 06720
R comeanv s e i
See EEM for local
Representatives in U. S

In Europe s.a. Polymotor * 1 Blvd. Anspach * Brussels 1« Tel. 19.27.46
Timing & Stepper Motors e Electromechanical & Electronic Timing Devices & Systems

Circle 54 on Inquiry Card

engineers’
fact file

on all-purpose Ebert “Hi-power” Mercury Relays!

Up-date your relay know-how with this com-
prehensive manual on Ebert mercury-to-
mercury relays.

FEATURING: Ratings to 60 kW ¢ 1, 2 and 3-pole
models * Hermetically sealed metal tube construc-
tion « Silent and Service-free operation.

SEND FOR YOUR FREE COPY TODAY.

g EBERT ELECTRONICS CORP.

£us 130-8 JERICHO TPKE., FLORAL PARK, N.Y. 11002
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. photo

. controls
for
every
purpose

® conveyor o cut-off

® automation e counting

"Ew cu'ul 69 o die protection e jam-up
og e inspection e limit

e orientation

e positioning e processing
e packaging e registration

e smoke detection e sorting
e tension e traffic control

e weighing e winding

e others beyond enumeration.

Includes sketches showing

describes and prices 284 pre- © measuring
engineered photo controls in-
cluding retro-reflective, specular
reflective, fiber optic ON/OFF
and Timing Controls. Tremen-
dous selection of photo sensors
and light sources. Counting
Eyes, bin level, liquid level and S S
smoke controls. Current Surge a wide selection of

and Impact Controls photo control applications

See the AUTOTRON MAN in your
area or send for Catalog 69 NOW

AUTOTRON, INC.

Circle 56 on Inquiry Card

3627 N. Vermilion, Danville, 11I. 61832
Ph 217-446-0650 TWX 910-244-1455

* 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

* SINGLE, BOARD
MOUNTED OR COM-
PLETE ACTUATING

Contacts

Tel. (617) 222-3726

PYLON COMPANY, INC. — 57 Newcomb St.
Attleboro, Massachusetts 02703
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NEW LAB INSTRUMENTS

PROGRAMMED CURRENT PULSE GENERATORS

For core memory testing.

Available in two models, these units give you a 15 ns
risetime and a narrow pulse width into the load. Model
1580A has two positive and two negative current drivers,
one core jig unidriver and the required power supplies and
ventilating equipment in a bench top unit. Its program
generator operates at 5 MHz and has an 8-step program-
ming capability which lets you repeat selected steps or step
pairs. Model 1780A has a 6-channel, 16-step, 5 MHz pro-
gram generator, three positive and three negative current
generators plus a core jig unidriver. Computer Test Corp.,
3 Computer Dr., Cherry Hill, N. J. 08034.

Circle 207 on Inquiry Card

MONITOR OSCILLOSCOPE
With a bandwidth of 10 MHz.

You can fit seven of these units in a single 3V4 in. high
by 19 in. wide rack mounting chassis. The series MS200
scope has an input sensitivity of 0.1 to 10 V rms/in. and a
sweep rate of 10 Hz to 1 MHz. Both the vertical accuracy
and the sweep accuracy and linearity are < =*=39, of full
scale. The crT is 1 x 3 in. and has a 14 in. graticule. The
rack mounting chassis includes a power supply and comes
with chassis slides for rear panel access. The chassis with
seven scopes sells for $2995 or you can get a single scope
for $825. Delivery is 30 days. Vu-Data Corp., 7595 Con-
voy Court, San Diego, Calif. 92111. (714) 279-6572.

Circle 208 on Inquiry Card

VIBRATION MONITOR
Accepts four inputs simultaneously.

The Type 1-147 accepts both velocity and piezoelectric
transducers, and it gives you a choice of displacement,
average velocity, or peak acceleration outputs. You can
install up to three high-pass or band-pass plug-in filters/
channel in the monitor to eliminate unwanted portions of
the frequency spectrum or you can use variable filters for
selecting any desired frequency from 8 Hz to 2500 Hz.
The unit includes an oscilloscope output, internal calibra-
tion and a 0.5 to 500 range switch for each channel. Fre-
quency response is +49 from S Hz to 10,000 Hz in the
linear mode and *=59% from 5 to 1000 Hz in the integrat-
ing mode. Prices start at $3050. CEC/Transducer Div.,
Bell & Howell, 360 Sierra Madre Villa, Pasadena, Calif.
91009. (213) 796-9381.

Circle 209 on Inquiry Card
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PULSE GENERATOR
With programmable outputs.

STRiP CHART

For transmittance and absorbance.

The Model 1210 has two independ-
ent pulse generating units in the same
chassis. Both generators are program-
mable in PRI (or delay) from 200 ns
to 9.99 ms. (100 Hz to 5 MHz), and
pulse widths from 100 ns to 0.99 ms.
All inputs and outputs are TTL com-
patible. Price: $995 with 60 day de-
livery. Antekna, Inc., 4015 Fabian
Way, Palo Alto, Calif. 94303.

Circle 210 on Inquiry Card

ACCELEROMETER

Radiation resistance.

The AQB 4981 withstands gamma
rates of 3.2 x 108 rads (c)/hr. and
neutron fluences of 9.6 x 10 n/cm?
without degradation. Its operational
temperature range is —452 to
1150°F with a charge sensitivity of
5 pC/g. Frequency response is 2 Hz
to 3.5 kHz. Gulton Industries, Instru-
mentation Div.-West, 1644 Whittier
Ave., Costa Mesa, Calif. 92627.

Circle 211 on Inquiry Card

WIDEBAND FILTER

Attenuation rate is 72 dB/octave.

You can use the Model 262 in one
of five modes: high-pass, low-pass, by-
pass, band-pass and band-stop. It has
a cutoff frequency that is adjustable
from 10 Hz to 10 MHz and pass-band
adjustable from 5 Hz to 15 MHz.
$3,450; delivery within 90 days. Sys-
tems Research Laboratories, Inc., 7001
Indian Ripple Rd., Dayton, Ohio
(513) 426-6000.

Circle 212 on Inquiry Card
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This 10 in. strip chart records the
output from spectrophotometers di-
rectly in percent transmittance or ab-
sorbance units. The Model 11 has five
chart speeds (from 0.05 to 20 in./
min.) and a built-in event and speed
mark pen. Price is $1,245. Graphics
Div. of Bausch & Lomb, Inc., 4950
Terminal Ave., Bellaire, Tex. 77401.
(713) 667-7403.

Circle 213 on Inquiry Card

WATT METER MODULE
With a range of dc to 1 kHz.

The Model 5636 gives you an out-
put voltage equal to the instantaneous
product of load voltage and load cur-
rent. Sensitivity is =10 V full scale
output for 10 mW of load power and
it has a typical accuracy of #+0.3%.
Price is $125 ea (1-9), $102 (10-29),
with immediate delivery. Optical Elec-
tronics, Inc., Box 11140, Tucson, Ariz.
85706. (602) 624-8358.

Circle 214 on Inquiry Card
X-Y CALIBRATOR

For oscilloscopes and voMs.

Model 132 gives you a dc or square
wave output up to 1.0 MHz from 0.10
to 10.0 V. A crystal oscillator and 1c
dividers provide time base calibration
with #0.0059% accuracy. Rise and fall
times are < 40 ns when 10X scope
probe is used. Price, $99.50 in kit form
or $198.50 assembled. Delivery, 30
days. Paramatron Corp., Box 9207,
Rochester, N. Y. 14625.

Circle 215 on Inquiry Card

CALIBRATION STANDARD

And measuring unit.

The 829G can supply or measure
ac or dc voltages and currents to 1400
V and 14 A. Standard frequencies of
50, 60, 400, and 1000 Hz are intern-
ally generated and the instrument also
has provisions for an external oscilla-
tor. A built-in ohmmeter measures up
to 100 M Q. Price, $3,100. RFL
Industries, Inc., Boonton, N. J. 07005.

(201) 334-3100.
Circle 216 on Inquiry Card

DBM/KHZ TEST SET

For telecommunications circuits.

The TTI 1101A makes both fre-
quency and transmission level meas-
urements. Automatic ranging circuitry
provides a direct digital readout for
signals between —50 dBm and 410
dBm. A rechargeable battery supply
is optional. Price, $1,185. Delivery:
60 days. Telecommunications Tech-
nology, Inc., 920 Commercial St.,
Palo Alto, Calif. 94303.

Circle 217 on Inquiry Card

WAVEFORM GENERATOR
Has 0.01 Hz to 3 MHz bandwidth.

This unit has voltage controlled fre-
quency over a 1000:1 ratio. The Model
123 gives you sine, square and trian-
gle waveforms, and a sync pulse. Fre-
quency is #=29, accurate and the ex-
ternal voltage control can either be dc
programming or ac frequency modula-
tion. $345. Delivery, stock to 30 days.
Exact Electronics Inc., Box 160, Hills-
boro, Ore. 97123. (503) 648-6661.

Circle 218 on Inquiry Card
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Our catalog sheet

FeaTHE
| FA

Got an application 0
requiring large vol- £ { Ll [ |

delivered quietly, ’ SOl |
continuously, and :° TN

reliably? ~ The £ [=F/Tx
“Feather Fan' is %o 7w i i 3% W
your answer. It e

delivers up to 270 cfm at free deliv-
ery, measures 7” in diameter and
only 274" thick, weighs only 1.5
pounds, draws only 22 watts, and air-
flow is reversible by mounting on
either face. Made of temperature re-
sistant polycarbonate and available
in 25 colors. Send today for descrip-
tive catalog sheet, write to Rotron,
Inc., Woodstock, New York, N.Y. 12498.

ROTRON],

INCORPORATED
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NEW LAB INSTRUMENTS

PULSE GENERATOR
With 125 MHz output.
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The Model 8020 provides 1 ns rise
time and gives you continuous adjust-
ment of frequency, delay and width.
Other features include single pulse and
1 to 10 Hz operation, a synchronous
external gate input, and single or
double pulse operation. Berkeley Nu-
cleonics Corp., 1198 Tenth St., Berk-
eley, Calif. 94710.
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AC MILLIVOLTMETER
Has 10 Hz to 10 MHz Bw.

LOGIC TEST SET

For HTL systems.

] starus seexcr @ B 4 Y /

This unit, Model ST-15, is specifi-
cally for testing high threshold logic
systems. It shows logic levels and also
displays pulses as short as 40 ns
graphically. The unit can also generate
and detect pulses simultaneously. Price
is $95 with delivery from stock. Data-
probe, Inc., 290 Huyler St., S. Hacken-

sack. N. J. 07606. (201) 489-5588.
Circle 222 on Inquiry Card

PULSE MODULATORS
Up to 10 kW power output.

This instrument, the TR 1808 has
a 20 dB dynamic range in each of six
ranges (1.5 mV to 150 V full scale).
Other features are: 10 M input im-
pedance, 19 accuracy, and a floating
dc output. The bench model is $295;
rack model, $315; and a probe adaptor
is $10. General Radio Co., 300 Baker
Ave., West Concord, Mass. 01781.
(617) 369-4400.

Circle 220 on inquiry Card

DIGITAL PANEL METER
With MTOs circuitry.

The manufacturer uses LSI circuitry
in this full 3-digit meter with 0.5%
accuracy. The instrument has an auto-
matic zero, internal calibration volt-
age, and 100 pV resolution. You can
operate it on either 117 Vac or 12
Vdc. The VT 500 costs $139 and is
available from stock. Dixson Inc., Box
1449, Grand Junction, Colo. 81501.
(303) 242-8863.

Circle 221 on Inquiry Card

This series includes standard units
with peak outputs of 3.5 kV at 3 A,
5 kVat 2 A, and 100 V at 100 A.
Pulse regulation is held to +1.09% for
+109% line variation and zero to
maximum duty cycle variations. Pulse-
to-pulse amplitude jitter is 0.05%
max. $985. Bertan Associates, Inc., 15
Newtown Rd., Plainview, N. Y. 11803.
(516) 293-5340.

Circle 223 on Inquiry Card

PARTICLE MASS MONITOR

Provides quick measurements.

The Model 3200 monitors the air-
borne particle mass concentration di-
rectly. Instead of the hours required
by filter type samplers, the instru-
ment gives you the aerosol mass con-
centration in minutes. Concentration
range is 1-100,000 micrograms/me-
ter3. Thermo-Systems Inc., 2500 Cleve-
land Ave. North, St. Paul, Minn.
55113. (612) 633-0550.

Circle 224 on Inquiry Card
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SIGNAL SOURCE

For 1C testing.

You can use the “Mosquito” as a
trigger signal for pTL, RTL, and TTL
circuits. The unit generates and injects
pulses covering the audio, i-f and rf
spectrum. It operates on a single
AAA size, 1.5 V battery and weighs
1 oz. Don Bosco Electronics, Inc., 525
Broad St., Bridgeport, Conn. 06604.
(203) 335-4179.

Circle 225 on Inquiry Crad

OUTPUT POWER METER
From 1 mW to 100 W.

RS

| — re—— o

The Model PM-2 measures the
power output of audio-frequency gen-
erators, transducers, amplifiers and
transmission lines while terminated
with a known impedance. The im-
pedance range is 2.5 to 20,000 £ and
the unit has a frequency range of 10
to 20,000 Hz. AUL Instruments, Inc.,
139-30 34th Rd., Flushing, N. Y.
11354. (212) 886-0600.
Circle 226 on Inquiry Card

CAVITY AMPLIFIERS

For vhf, uhf, telemetry uses.

This line covers the range of 200
MHz to 2300 MHz. Power outputs
range from 15 to 100 W cw. Load
variations from open circuit to short
circuit have no effect on these ampli-
fiers and you can get all of them with
filters, power supplies and associated
devices. Resdel Engineering Corp., 300
E. Live Oak Ave., Arcadia, Calif.
91006. (213) 684-2600.

Circle 227 on Inquiry Card
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The Sweet Smell of Success.

No, I’'m not rich. I'm just very
pleased with myself.
Scanbe gave me

“Wrap Rack,” a %
new system for

packaging DIP’s

without completely

redesigning my old

card package. A

rack that takes 14

cards, each having

40 DIP Wire Wrap* sockets on _
them. That’s 560 DIP’s in one box, Charlie

£

&«

Brown. You get 16-pin sockets, color coded, M“’M
(if required) mounted on a card that has the ' o
power and ground circuitry surrounding every »

socket. Beautiful for high speed stuff. Wrap ***”M

Rack has a hinged protective cover and 14, ~ ®

50 or 70-pin Wire Wrap connectors on the “"WRAP RACK”

back. Now, if you really want success, let
Scanbe do all the wiring for you. From your “from/to” wire lists to tape
controlled semi-automatic wire wrapping. They’ll give you a cigar, too.

*Registered trademark of Gardner-Denver Company

SCANBE§ MANUFACTURING CORP.
. A Ccanoaa COMPANY

3445 Fletcher Ave. * El Monte, CA 91731 « (213) 579-2300/686-1202 « TWX: 910-587-3437
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NEW PRODUCTS

PIN DIODE
For stripline and microstrip.

UM7000P series “Micro-Pill” PIN
diode uses a fused-in-glass, whisker-
less, metallurgically - bonded voidless
construction for best reliability under
severe rf stress conditions. Though
only 0.040 in. high x 0.060 in. in dia.,
it can dissipate 40 W of average pwr.
and 75 kW of pk pwr. with a 1 ps
pulse. From $13 (1000 pieces). Uni-
trode Corp., 580 Pleasant St., Water-
town, Mass. 02172. (617) 926-0404.

Circle 239 on Inquiry Card

STEPPER MOTOR
And logic drive.

The 1D06 is a 4-phase, 5 Vdc mo-
tor that meets a variety of industrial
incremental and variable speed drive
requirements. Applications include
data plotters, computer peripherals,
tape and film transports and chart
drives. Features are low power con-
sumption (4 W), low temp. rise, high
pull-in rate (200 pps), drive torques
to 6.95 oz.-in., and a 7%° step an-
gle. The A. W. Haydon Co., 232 N.
Elm St., Waterbury, Conn. 06720.

Circle 240 on Inquiry Card
IRRADIANCE DETECTORS

Calibrations traceable to NBs.

Detectors CSC-11 through CSC-14
are for measuring visible and near in-
frared radiant energy. Applications in-
clude measurement of ss light emitting
diodes and lasers, and visible and near
IR gas lasers. Spectral range is 350 to
1150 nanometers. Centralab Semicon-
ductor, 4501 N. Arden Dr., El Monte,
Calif. 91734,

Circle 241 on Inquiry Card
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FAST-SETTLING OP AMP

Has many applications.

Model FS-125 is designed for fast
settling on step function input signals.
With a closed-loop gain of 1, it will
settle to within 0.1 % of full scale < 80
ns after the input is applied. It can be
accurately calibrated with dc and re-
main within 0.1% of its dc accuracy
at rates to 12 MHz. $97.00 (small
lot). Computer Labs, 1109 S. Chap-
man St., Greensboro, N. C. 27403.
(919) 292-6427.

Circle 242 on Inquiry Card
MOUNTING SOCKETS

For dual in-line devices.
Series 121-2002 production mount-
ing sockets are for all std. 14-lead DIL
devices. They have double wiping ac-
tion type replaceable contacts that ac-
cept round or flat leads interchange-
ably. Terminals come in two styles:
round solder type 0.018 x 0.020 x
9/64 in. long, or square solderless-
wrap type 0.025 x 0.025 x 11/16 in.
long. Barnes Corp., 24 N. Lansdowne
Ave., Lansdowne, Pa. 19050. (215)

622-1525.
Circle 243 on Inquiry Card

DIP LOADER
At rates to 3600 pieces/h.

accepts DIP’s from “sticks,” loads them
into carriers, and stacks the loaded
carriers into magazines for further au-
tomated processing. Except for manual
loading of the carriers and DIP circuits,
it is fully automatic. Weltek Div.,
Wells Electronics, Inc., 1701 S. Main
St., South Bend, Ind. 46623.
Circle 244 on Inquiry Card

MAGNETIC HEADS

For use with computers.

New Redundant K-Set head, (KRW-
3) lets you use complex write meth-
ods with transnorts designed for use
with the std. Phillips cassette. It pro-
vides write track widths of 0.041 in.
on 0.070 in. centers, and read track
widths of 0.029 in. on 0.070 in. cen-
ters. Read-to-write gaps are 0.150 in.
apart. Central Services, 1442 Gris-
wold, Detroit, Mich. 48226. (313)
962-4638.

Circle 245 on Inquiry Card
AC CONTROLLER

For fractional hp motors.

HamLy
ELECTRON
™o, Tomes

Control-Pak provides arcless
“make” and zero current “break,”
reducing rfi and emi to levels where
drive motors can be operated ad-
jacent to low level logic circuits. It
operates from 208-440 Vac 3 phase
with a max. load rating of 1 hp. Maxi-
mum phase current is 2.5 A with con-
trol voltages of 5, 12, 24, 48 Vdc,
24 Vac or line voltage. Hamlin Elec-
tronics, Inc., 3879 N. 28th Ave.,
Phoenix, Ariz. 85017.

Circle 246 on Inquiry Card
DRY RF LOAD RESISTORS

For termination of 50 Q) systems.

T

New Models 8166 (150 W) and
8164 (100) Termaline® resistors are
air-cooled line terminations designed
for use in any position. The 150 W
and 100 W dry loads both have a low
vswr of 1.1 from dc to 1 GHz and 1.2
to 2.5 GHz. Bird Electronic Corp.,
30303 Aurora Rd., Cleveland (Solon)
Ohio 44139. (216) 248-1200.

Circle 247 on Inquiry Card
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MINITAN is the first choice in size and reliability for Spacetac QV\/

heart pacer modules.

Mo microfaogs oer
ilimeter wit

MINITAN.

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 per-
formance. 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.

COMPOUENTSICR

nNCORFORITEND
BIDDEFORD, MAINE 04005

The Electronic Engineer ¢ Feb. 1970

Circle 60 on Inquiry Card

105




For continuous lacing...
*k that CABLE-LACER brake
speeds the work too!

The experienced harness worker can quickly guide the hooked

needle of the Gudebrod Cable-Lacer* across narrow break-out
points between pins to grasp the loop. This is where work is
speeded first. But then, the pressure of four fingers on the
lacing break allows a swift, single pull for firm knot setting—
further speeding the job. No need for wrapping around the fist
—no need for a second pull. It all becomes a naturally fast
procedure. What’s more, the special Gudebrod lacing tape
bobbins are helpful when all-hand tying seems required!
Use Gudebrod Cable-Lacer, Gudebrod’s Bobbins for im-
proved accuracy and time saving.

*T.M. Union Special Machine Co.

Save money & time with

—— it GUDEBROD SYSTEM “C”

For continuous lacing Gudebrod offers a four part system to
reduce your harnessing costs. The Cable-Lacer and Bobbins
are the first two parts. Add to them Gudebrod’s specially
made, case hardened, extra long, wire holding pins and the
Gudebrod Swivel-Tilt Harness Board Mount. The pins make
wire threading easier and sharply reduce the need for re-
dressing. The Gudebrod Mount brings any part of the harness
within easy reach. Gudebrod System ‘“C” makes harnessing
go faster, cost less. Write for /"

details. (For spot ties, ask L
about System “‘S’’)

Gudebrad Swivel-Tilt
Harness Board Mounts
available in several sizes

UDEBROD
I

GUDEBROD BROS. SILK CO., INC. Founded 1870, 12 South 12th Street, Philadelphia, Pa. 19107
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NEW PRODUCTS

HYBRID OSCILLATOR
Thin ﬁlm cjrcuit.

13 Sffs

A 1 sk

This 34 in.2 package contains a
Pierce oscillator circuit and a two-
stage buffer amplifier. Circuit is
designed to be combined with an exter-
nal crystal to form a complete oscil-
lator in the 10 to 30 MHz region. It
can also be used at freqs as low as 1
MHz by adding two small ext. capaci-
tors. Collins Radio Co., 19700 Jam-
boree Blvd., Newport Beach, Calif.
92663.

Circle 248 on Inquiry Card
VOLTAGE COMPARATORS

Precision ss devices.

CONDUCTIVE EPOXY INK

Single-component, silver-filled.

SS-570 ink can be silk screened di-
rectly onto matrix boards and ceramic
wafers to provide conductive paths. It
can also be sprayed or brushed on for
shielding and grounding applications.
Advantages include low-temp. cure
cycles (94°C-160°C), thermal and en-
vironmental stability, ease of applica-
tion, and low resistivity (< 0.01 Q-
cm). Rogers Corp., Rogers, Conn.
06263.

Circle 251 on Inquiry Card
ALPHA/NUMERIC READOUT

Wide viewing angle.

DRAFTING MACHINE TABLE

For precision artwork.

Model 33 is for making precision 1c
photo masks and complex multilayer
pc artwork. Table guarantees accura-
cies to ==0.0005 in. over its 24 x 24
in. active work area. Accuracies up to
0.0001 are guaranteed over a 3 x 3
in. working area. These features are
offered at a plotting speed of 60 in./
min. The Gerber Scientific Instrument
Co., 83 Gerber Rd., So. Windsor,
Conn. 06087. (203) 844-1551.

Circle 254 on Inquiry Card
CONNECTOR INTERFACE

Between pcB’s and buss wiring |

The “—01” series Voltsensors have
a max. drift of < 0.1 mV/°C (typ.
0.05 mV/°C), hysteresis specified < 1
mV (typ. 0.5 mV) and an output rise
and fall time of < 1 ps. The “—01”
Voltsensors come in single set point,
dual set point and dual set-dual out.
California Electronic Mfg. Co., Box
555, Alamo, Calif. 94507. (415) 932-
3911,

Circle 249 on Inquiry Card
TEST CONNECTOR

Eliminates soldering and test leads.

This unit connects component or
circuit and test unit. Three sizes are
available, Model A-2 has 100 pinholes
on top (to receive pins of component
being tested) and 100 pin-holes in the
bottom (to receive pins of test unit).
Models A-4 and A-6 can receive 100
or 200 pins and 100, 200, 300, or 400
pins respectively. Reynolds & Taylor,
Inc., 2109 C S. Wright, Santa Ana,
Calif, 92705.

Circle 250 on Inquiry Card
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New 16-segment alpha/numeric
readout has large, easy-to-read seg-
ments. Each segment has its own lamp,
each of which has a min. life of 50,-
000 hours. Lamps can be easily and
economically replaced. Available with
a character height of 1 or 9 in. Sys-
tems Technology, Inc., Rte 29 N., Box
5387, Charlottesville, Va. 22903.
(703) 973-5379.

Circle 252 on Inquiry Card

SCR
Supplies up to 1500 A.

Astro-Pack, with a 48 mm pellet
dia. can supply up to 1500 A and up
to 1200 V. It offers I2T up to 1 mil-
lion. Astro-Pack supplies up to 2000
A rms in an ac switch in a water cool-
ed setup. Its large size eliminates the
need to parallel devices. It can be pur-
chased as a component or a heat sink
sub-assembly. Power Semiconductors,
Inc., 90 Munson St., Devon, Conn.
06460.

Circle 253 on Inquiry Card

Model 22 edge connector interface
socket bridges the gap between pcC
technology and factory control panel
installation. It lets you insert a PCB
into a panel-mounted connector with
screw terminals, eliminating soldering.
solderless wrap connections and PC
mounting panels. Farmer Electric
Products Co., Inc., Natick, Mass.
01760. (617) 653-8850.

Circle 255 on Inquiry Card
PLATE CONNECTOR SYSTEM

Meets individual needs.

New solderless wrap modular sys-
tem of edge type connectors is for
0.056 to 0.068 in. thick double sided
pc boards. Card receptacles are made
up of four and six position contact

modules, polarization modules and
keys, card guides and grounding clips
installed on an aluminum plate up to
24 x 24 in. Wrap posts are 0.025 in.3
Burndy Corp., Norwalk, Conn. 06852.
(203) 838-4444.

Circle 256 on Inquiry Card

107




NEW PRODUCTS

INDUSTRIAL SCRs
Hermetically sealed.

These scrs are for industrial/
consumer uses and are priced (from
45¢/1000) to compete with conven-
tional plastic devices. The ID100 se-
ries is for 1 V, low-current-sensing ap-
plications. Voltage ratings are from 30
to 200 V with a continuous dc forward
current rating of 500 mA at 100°C
case and a gate sens. of 200 mA max.
gate current. Unitrode Corp., 580
Pleasant St., Watertown, Mass. 02172.

Circle 257 on Inquiry Card

SILVER SUBSTITUTE

Silver coated ceramic powder.

Silclad G-100 may be substituted
for pure silver in conductive gaskets,
coatings, plastics, and so forth. Typical
resistance of G-100 is 0.008  at room
temp. and < 0.040 Q after 1000 hrs
at 500°F. Particle size is < 44 ym
and density is one-third that of pure
silver. Cost is about 259 that of pure
silver. Sigmatronics, Box 105, Moores-
town, N. J. 08057. (609) 235-9429.

Circle 258 on Inquiry Card

VYUV

FILTERS
FOR
EMC

From DC to Daylight,
EMI covers the spectrum:

!

POTTER. [ Potter Filters also have a broad

spectrum ranging from the
Micro-Brute subminiature, for aerospace applica-
tions; to large, low-cost filters for EDP equipment,
telecommunications, industrial controls, and other
down-to-earth applications.

All filters meet either MIL F 15733 for
military applications or UL requirements for
industrial uses.

Current ratings: 50 ma to 500 amps.
Voltage ratings: 28 VDC to
440 VAC. Environmental
characteristics per
application
requirements.

ey @
JTHE OTTER CO.

FOR: EMI Filters: P. O. Box 337, Wesson, Miss. 39191
FOR: Micro-Brute Filters: 500 W. Florence, Inglewood,
California 90301.

i)

108 Circle 62 on Inquiry Card

L.E.D. INDICATORS
Virtually infinite life.

4 &
® sz

New indicators and switch indi-
cator devices use light emitting diodes
as the light source instead of normal
incandescent or neon lamps. All of
these “SS” series devices use gallium
arsenide phosphide light sources. Body
dia. is 0.360 in., and 3 in. mounting
center in a % in. panel hole is std.
TEC, Inc., 6700 S. Washington Ave.,
Eden Prairie, Minn. 55343. (612)
941-1100.

Circle 259 on Inquiry Card

SUBCARRIER OSCILLATOR

Provides data accuracies within 19.

Model V-510 voltage controlled
oscillator converts or varies analog dc
voltage to a linearly proportional sine
wave freq. Special consideration has
been given to its use with FM-FM
telemetering systems and as an A/D
converter. Standard units operate from
400 Hz to 70 kHz within IRIG bands
1 to 18 (*7.5% freq. deviation) and
A to E (+=159% freq. deviation). Solid
State Electronics Co., 15321 Rayen
St., Sepulveda, Calif. 91342. (213)
894-2271.

Circle 260 on Inquiry Card

DIL SOCKETS

For modular direct entry packaging.

New 36-pin and 40-pin sockets ac-
cept any width center (0.5, 0.6 or 0.8
in.). They take any combination of 1cs
and discrete components using modu-
lar direct entry packaging methods.
The Modu-Wrap power and ground
distribution planes offer up to 25 pF of
distributed capacitance/in.? Interdyne,
2217 Purdue Ave., Los Angeles, Calif.
90064. (213) 477-6051.

Circle 261 on Inquiry Card
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FEEDTHRU CAPACITORS

Reduce EMI interference.

Series 112P high-current (50 A),
heavy-duty Thru-Pass® capacitors are
for use in military and industrial elec-
trical and electronic equipment and all
types of atmospheric conditions to
85°C. There is always a noise-leak-
proof closed path around the con-
ductor. Ratings range from 0.01 uF
to 0.22 uF at 250 Vac. Sprague Elec-
tric Co., Marshall St., North Adams,
Maine (413) 664-4411,
Circle 262 on Inquiry Card

VARACTOR DIODE

Low series inductance.

This diode series has high Q, linear
response and a spread of five to one at
3 to 30 V. They are for use in solid-
state Tv tuners, instrumentation, re-
mote freq. controls and microwave cir-
cuits. The junction in these varators
provides linear capacitance - voltage
characteristics, eliminating the need
for matching diodes in some applica-
tions. Kollstan Semiconductors, Stand-
ard Kollsman Industries, 111 New
York Ave., Westbury, N. Y. 11590.
(516) 997-8300.

Circle 263 on Inquiry Card

MINIATURE SWITCH
For very high stand-off voltages.

Miniature rhodium #Hv drireed
switch is for use where up to 600
Vdc transient voltages can be expected.
It is for contact rating of 1.0 A max.,
5 W max., ins. res. of 101  min.
Dielectric strength is 600 Vdc min.,
and initial contact resistance is 0.200
) max. Hathaway Instruments Inc.,
5250 E. Evans Ave., Denver, Colo.
80222,

Circle 264 on Inquiry Card
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100,000 ELECTRONIC ENGINEERS
WILL VISIT THE

SALON INTERNATIONAL
DES COMPOSANTS
ELECTRONIQUES

INTERNATIONAL CONFERENCE ON
ADVANCED MICROELECTRONICS

Scientific, Technical and Economic
Aspects—April 8-10, 1970—Paris—

UNESCO Auditorium Program and Registration
Conditions on Request.

SPONSOR: National Federation of Electronic
Industries, France 16, Rue de Presles,—
Paris 15e—Tel. 273.24.70

[WFRENCH TRADE SHOWS

1350 Avenue of the Americas
New York, N. Y. 10019 —Tel. (212) 582-4960

Circle 63 on Inquiry Card
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NEW PRODUCTS

SSB CRYSTAL FILTER
With 5§ MHz carrier freq.

Model SB56A filter has a carrier
freq. of 5.0 MHz with 3 dB high and
low bandwidth of —-3.5 kHz and
-+300 Hz respectively. Carrier rejec-
tion is 20 dB min. Temperature range
is —20°C to —71°C and a ripple of
2 dB max. Filter dimensions are 2.38
x 1.03 x 1 in. Microsonics, 60 Winter
St., Weymouth, Mass. 02188.

Circle 265 on Inquiry Card

PHOTO RESIST SPINNERS

Offer repeatable results.

EC101 series spinners have high ac-
celeration (about 500 ms to 9,500
rpm), electronic speed regulation, au-
tomatic cycle control, and automatic
dynamic braking.” Uniform minimum
stressed films result from the high ac-
celeration and the precise speed regu-
lation. Marketing Dept., Headway
Research, Inc., 3713 Forest Lane,
Garland, Tex. 75040. (214) 272-1567.

Circle 266 on Inquiry Card

GALLIUM ARSENIDE DIODE

Infrared emitting.

These narrow band ss lamps (FLD
100) are well suited for use with Si

photo sensors since their spectral
peaks are closely matched. Typical
specs are: forward voltage, 1.35 V;
reverse voltage, 8.3 V; reverse cur-
rent, 5 nA and 9000 A wavelength at
peak. Angle between half intensity
points and peak axis is 65°. $5.00 (1-
99), $1.50 (10,000-}). Fairchild Mi-
crowave & Optoelectronics, 2513 Char-
leston Rd., Mountain View, Calif.
94040. (415) 961-1391.
Circle 267 on Inquiry Card
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DIGITAL PANEL METER
Takes only 2 1/16 x 4% in. of panel.

All SS Model 275 has 0.05% ac-
curacy and 100 pV resolution. It has
an input imp. of 100 M Q and fea-
tures drift cancelling, ramp voltage
comparator and crystal-controlled digi-
tizing oscillator. The meter displays a
full scale reading of 999.9 mVdc.
$295. United Systems Corp., 918
Woodley Rd., Dayton, Ohio 45403.

Circle 268 on Inquiry Card

PIGGYBACK RECEPTACLE
For 0.30 x 0.060 in. posts.

New receptacle for connect/discon-
nect applications of stranded or solid
wires provide a wide tol. range with
15 1b. min. retention force. Recep-
tacle stacks 2 levels piggyback and
covers 16 through 24 gauge wire sizes.
It come in phosphor bronze with sev-
eral different finishes. Malco Mfg. Co.,
Inc., 5150 W. Roosevelt Rd., Chicago,
Ill. 60650.

Circle 269 on Inquiry Card

POWER CONNECTORS
Conform to Mil-C-12520.

¥
¢ € ¢

Series UW waterproof connectors
are now available with 4, 9, 14, 19, or
30 contacts whose current ratings range
from 11 to 41 A. They are for power
and control circuit uses in mobile ra-
dar, radio, teletype, and related com-
munications equipment. Both plugs
and receptacles, which are polarized
to prevent mismating, can be fitted
with either pin or socket contacts with
solder turret terminations. Elco Corp.,
Willow Grove, Pa. 19090. (215) 659-
7000.

Circle 270 on Inquiry Card

ADHESIVE BACKED MOUNT

Secures wiring to smooth surfaces.

ABMS-A mount has a countersunk
hole which permits it to be used with a
#6 flat-head screw or a '8 in. flat-
head rivet. Result is a one-hole mount
which will not rotate. It can support
Y4 1b. max. when used without a
screw or rivet. Panduit Corp., 17301

Ridgeland Ave., Tinley Park, Il
60477. (312) 532-1800.

Circle 271 on Inquiry Card

PRECISION SERVOMOTOR

Low 1.5 ) armature resistance.

New precision capstan dc servomo-
tor is for use in high quality analog
instrumentation and video recorder/
reproducer systems. Model ET-425 is
designed for a continuous torque out-
put of 16 oz-in. at speeds to 3,300 rpm.
Rated input is 24 V at 4 A. Advanced
Products, Electro-Craft Corp., 1600
S. Second St., Hopkins, Minn. 55343.
(612) 935-8226.

Circle 272 on Inquiry Card

PHOTOTRANSISTORS

Easily mount into pc boards.

A new line of npn planar Si photo-
transistors (TIL-63, 64, 65, 66 and
67) are for applications such as: Char-
acter recognition, tape and card read-
ing, velocity indication and decoding.
Light current sens. ranges for the five
devices are 0.4 mA min., 0.4 to 1.6
mA, 1.0 to 4.0 mA, 2.5 to 10.0 mA,
and 6.0 mA min., respectively. Price
(for 100-999 quan.) ranges from
$0.67 to $1.00. Texas Instruments In-
corporated, Box 5012, M/S 308, Dal-
las, Tex. 75222. (214) 238-3741.

Circle 273 on Inquiry Card
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SOLID STATE DRIVERS

Function as dc control relays

Their ability to handle coil currents
of contactors, relays and solenoid
valves from low level control sources
make them applicable as an interface

in transistor logic systems. SX6
series drivers are rated at 6, 12, 24
and 36 Vdc to 8 A. Specialty Prod-
ucts Div., Cutler-Hammer, Inc., 4201
N. 27th St., Milwaukee, Wisc. 53216.
(414) 442-7800.

Circle 274 on Inquiry Card

PILOT LIGHTS

Explosion-proof.

These lights are suitable for Class I,
Groups C and D; Class II, Groups E,
F, and G, NEMA 7 and 9 hazardous lo-
cations. They come with 3, 6 or 10 W
lamps in 30- to 250-V sizes. Overall
length is 474 in., including a 253 x 34
in. NPsM threaded stem. ‘Adalet Mfg.
Co., div. of The Scott & Fetzer Co.,
4801 W. 150th St., Cleveland, Ohio
44135. (216) 267-9000.

Circle 275 on Inquiry Card

TIME DELAY

Operates on high or low line.

BDT series time delays use all sili-
con transistor circuits that operate
over an input range of 75 - 125 Vac,
50-60 Hz and draw only 5 mA prior
to time out. Enclosed in a std. relay
housing terminated with an octal plug,
they are available with time delays
from 1-10 to 10-60s. Screw driver
adjustable, they have a replaceable
electro-mechanical relay. Guardian
Electric Mfg. Co. of Calif., Inc., 5755
Camille Ave., Culver City, Calif.

filter magic?
watch envelope-delay
problems disappear!

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

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

Describe your requirement

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

Attenuation, dB

Attenuation, dB

\

N

Delay distortion, microseconds

\/

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

Delay distortion, microseconds

EQUALIZED ENVELOPE DELAY

CONTROLLED ENVELOPE DELAY

One of 4 channels

One of 4 channels

Carrier frequency.................. 1750.000 kHz
Carrier suppression................ 55dB

1749.745 kHz
1746.965 kHz

1750.000 kHz ..........
1T, S S
1749.745 kHz ........... 1dB point, min. ..................
1746.965 kHz 1dB point, max

1750.250 kHz . 70dB point, min. .................. 1750.100 kHz
1746.750 kHz ...........70dB point, max. ................. 1746.700 kHz
1.0dB..................... Passband ripple, 25°C............ 0.5dB

0dB == 0.5dB ..........._ Insertion loss, 25°C ..............3.0dB

50 ohms ..... ......In and out impedance ........... 200 ohms

+10° to +64°C..... Operating temp. range ........... +5° to +65°C

raf, \S
2 t-masters in crystal cont9

REEVES-HOFFMAN

DIVISION, DYNAMICS CORPORATION OF AMERICA

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

90232. (213) UP 0-4642.
Circle 276 on Inquiry Card
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NEW PRODUCTS

CIRCUIT BOARD BASKET
Spacing is adjustable.

Vertical slots hold circuit boards
firmly in position in these baskets. A
set of slotted divider-panels can be
adjusted and locked in position to pro-
vide wider or narrower compartments.
They are for transporting, storing,
washing and general production line
use. Advantages include free circula-
tion of air, full visibility of contents
and avoidance of dust accumulation.
Metropolitan Goods Corp., Wilkes-
Barre, Pa.

Circle 277 on Inquiry Card

POWER MODULE
A dc to 60 Hz inverter

K12 series units convert 11-13 Vdc
to 115, 220, or 440 Vac, 60 Hz at
120 VA. Regulation is within #=0.2%
for input variations of 11 to 13 Vdc,
and within 19 limits for load changes
of ¥4 to full load. Output voltage is
adj. over a range of =109 from nom.
Abbott Transistor Laboratories, Inc.,
5200 W. Jefferson Blvd., Los Angeles,
Calif. 90016. (213) 936-8185.

Circle 278 on Inquiry Card

RESISTOR TRIMMER

Semi-automatic unit.

Model DT-5 dual station abrasive
thick film resistor trimmer has typical
production rates of 1500 resistors/h.
It can trim to accuracies of 0.1%.
Range is 10 Q to 1 M Q. Each station
is independent so resistors of different
value and desired accuracy can be
trimmed simultaneously. Modern
Printing Methods Corp., 9 Harvey St.,
Cambridge, Mass. 02140.

Circle 279 on Inquiry Card
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NEON LAMP

Has built-in limiting resistor.

The MSC 115 Vac lamp operates at
105-125 Vac or 150 Vdc, providing
high intensity brightness adequate for
most applications of midget lamps.
Lamps with built-in current limiting
resistors are available in three types
featuring average life of 1500, 10,000
and 25,000 hrs. They meet all appli-
cable requirements of Mil-E-5272.
Master Specialties Co., 1640 Mon-
rovia, Costa Mesa, Calif. 92627. (714)
642-2427.

Circle 280 on Inquiry Card

HIGH Q CAPACITORS
Self resonant freq. above 6 GHz.

An improved and simplified drive
mechanism has increased the Q of
these air trimmer capacitors over other
std. air units. Typical readings are
5000 at 10 pF and 10,000 at 3.5 pF.
This series includes self resonant freq.
above 6 GHz and low dynamic noise
during adjustment. Johanson Mfg.
Corp., 400 Rockaway Valley Rd.,
Boonton, N. J. 07005.

Circle 281 on Inquiry Card

SS AMPLIFIER
With better than +30 dBm output.

=

Model A51DIO-M2 Class “A” am-
plifier has a 1 W linear output capa-
bility from 10-500 MHz. Operating
from 28 Vdc, the amplifier measures
2 X 4 x 6 in. Intermodulation products
are down a min. of 20 dB over the
freq. range of 100-500 MHz. Gain is
22 dB, with gain ripple < 1 dB across
the passband. Optimax, Inc., 258 Main
St., Ambler, Pa. 19002.

Circle 282 on Inquiry Card

STABILIZED AMPLIFIER
Totally encapsulated, high-speed.

Model 1700 stays within its required
specs over its entire op. temp. range
of —25° to }+-85°C. A stable high
gain of 10% and an offset voltage TC
of 0.2 uV/°C (Model 170002) assure
high accuracy. Model 1700 provides a
typical gain-bandwidth product of 20
MHz, a full output freq. response to 1
MHz, and a typical slew rafe of 200
V/us. Philbrick/Nexus Research, Al-
lied Dr. at Rte. 128, Dedham, Mass.
02026. (617) 329-1600.

Circle 283 cn Inquiry Card

FLUIDIC INTERFACE

Electrical and fluidic.

i %
You can now initiate a sequence or
override a fluidic control system from
an electric ext. signal source with “In-
terface.” Designed for 12 Vdc, its low
power requirements make it useful in
control circuits. It eliminates time lags
previously associated with fluidic con-
trols installed far from a signal source.
The Lee Co., 2 Pettipaug Rd., West-
brook, Conn. 06498. (203) 399-6281.
Circle 284 on Inquiry Card

OPTICAL COLOR FILTER

Electronically variable.

' © '\(,f,)
W

Optichron filter is useful with lasers,
Tv, optical data processing, graphic
arts and display systems. Voltage tune-
able over the visible spectrum, it can
be modulated from dc to > 8 MHz.
Model 24 passes cyan from 0 to 2kV
magenta from 5 to 7 kV and yellow
from 9 to 10 kV. $450. Electrochrome
Corp., 11 Commercial St., Plainview,
N.Y. 11803. (516) 433-0808.

Circle 285 on Inquiry Card
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COS/MOS makes other
low-powered IC logic circuits
look power-hungry

(CARRY IN)

Cy A, B Az B2 Az B3 Ag Bg
() ()7 ()¢ ()5 ()4 ()3 ()2 () ()5

b 4

HIGH

SPEED

PARALLEL

CARRY

=
Co Cxz Cq
()io O ()2 ()3 Co 14
S, So Sz S4 (CARRY OUT)

TERMINAL No.16 =Vpp ,TERMINAL No. 8 =VSS

RCA’'s New CD4008D MSI 4-Bit Full
Adder with Fast Parallel Carry Out,
$16.00 (1000+ units)

(6 to 15 V); all “sum lines” propagation delay—400 ns
(typ) ; noise immunity =4.5 V (typ) at Voo=10 V; fanout
capability up to 50; protected inputs and outputs and
operation over the full military temperature range.
Here you have a 4-bit full adder that will fulfill many
circuit applications.
ror further details, see your local RCA Representative
oryour local RCA Distributor. Or write to RCA Electronic
Compornents, Commercial Engineering, Section [CJ-2
CD20, Harrison, N. J. 07029. In Europe: RCA Interna-
tional Marketing S.A., 2-4 rue du Liévre, 1227
Geneva, Switzerland.

THINK ABOUT IT. m@ Zm Integrated

Circuits

The CD4008D has a quiescent power dissipation rating
of only 5 uW (typ). It is a made-to-order 4-bit full adder
for digital equipment where power dissipation, low

package count or high noise immunity are primary ’
design prerequisites. (

You don’t have to wait for summing before the carry \.
signal is available with the CD4008D. The new adder \},
includes a high speed parallel carry circuit that provides
a fast carry output signal [t.s (Ci-C.) =50 ns (typ) at C.—=
15 pF] to permit high speed operation in arithmetic sec-
tions that may require several CD4008D’s. Add to
that: operation from a single power supply
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NEW PRODUCTS

DOUBLE BALANCED MIXERS
Only 0.05 cubic inches.

The ASK-2 is a 25 kHz to 500 MHz
mixer with a bandwidth of > 14 oc-
taves, from audio to uhf. Standard per-
formance includes good conversion ef-
ficiency and noise figure typ. < 6 dB
throughout most of the freq. range.
Isolation between ports ranges as high
as 40 dB. Under $45 in quantity. Mini-
Circuits Laboratory, 2913 Quentin
Rd., Brooklyn, N. Y. 11229. (212)
252-5252.

Circle 286 on Inquiry Card

CERMET TRIMMER
Three pin styles available.

! £1-2-1-104
100k 9168

A narrow 0.16 in.-wide sealed hous-
ing ana a low-profile, featured in the
Model 41, allows tighter side-by-side
installation and closer board stacking.
The unit comes in std resistance ranges
from 10 Q to 1 M Q with 10% and

20% tol. Temperature coefficients
available to 100 ppm/°C. $1.85 ea.
(1-9) Spectrol Electronics Corp.,
17070 E. Gale Ave., City of Indus-
try, Calif. 91745. (213) 964-6565.

Circle 287 on Inquiry Card

FREQ.-TO-DC CONVERTER

Drives indicating devices.

P

solid state
electronics €0
okF
wonEL 440K
BogMALIED
FREGUETER

Normalized Freqmeter will linearly
convert freq. or rep. rate of signals
to a proportional dc voltage. This is
done with four models over an input
freq. range extending from 0 to 100
kHz—Model 410KF, 0 to 100 kHz;
Model 420KF, 0 to 1 kHz; Model
430KF, 0 to 10 kHz; Model 440KF,
0 to 100 kHz. Solid State Electronics
Corp., 15321 Rayen St., Sepulveda,
Calif. 91343. (213) 894-2271.

Circle 288 on Inquiry Card
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POWER TRANSISTOR CHIPS
Also on moly-tab or moly pedestals.

This line of silicon planar trans-
sistor chips includes the company’s 2,
5, 10 and 20 A families in npn, pnp,
and npn high voltage. The npn and
pnp chips are offered as complemen-
tary pairs with sustaining voltages to
100 V. The npn high voltage chips
come with sustaining voltages to 300
V. Solitron Devices, Inc., 1177 Blue
Heron Blvd., Riviera Beach, Fla.
33404. (305) 848-4311.

Circle 289 on Inquiry Card

TRIACS

Electrically isolated.

i

E‘ :

This new line of Triacs comes in a
“Thermotab” package. Mylar, mica or
ceramic discs or washers are not need-
ed to isolate package or tab from heat
sink. The package allows direct mount-
ing to heat sink without loss of thermal
efficiency. Triac devices in this pack-
age are rated from 1.6 to 16 A at
80°C case (tab) temp. Electronic Con-
trol Corp., 1010 Pamela Dr., Euless,
Tex. 76039. (817) 267-2601.

Circle 290 on Inquiry Card

LIGHT SOURCE

And photocell assemblies.

|

Model L-1 light source, %2 in. long
X Y4 in. in dia., has a focused lens pro-
ducing a parallel beam with a spot of
light. Bulb is rated at over 40,000 h
at 5 V. Model P-1 photocell assembly,
smaller than L-1 is only 1/10 in. in
dia. and %2 in. long. It uses a. high
sensitivity photo duo diode with a 2 ps
response time. Scanning Devices Co.,
179 Fifth St., Cambridge, Mass.
02141.

Circle 291 on Inquiry Card

TRANSISTOR

Measures magnetic fields.

The Magnistor™ is a magnetically
sensitive transistor with two collectors
and one emitter. When connected to
biasing circuitry similar to that used
for differential amplifiers, a differential
signal from the two collectors propor-
tional to the magnetic field intensity
is available. Output sens. of 0.5 mV/
gauss. $3.50 (1-24) Hudson Corp.,
Box 867, Manchester, N. H. 03105.
(603) 669-8570.

Circle 292 on Inquiry Card

CHIP CAPACITORS
Range of 10 to 470,000 pF.

“Vee-Jem” chip capacitors come in
10 sizes (0.050 x 0.040 in. through
0.220 x 0.240 in.), for thick- and thin-
film applications. Temperature range:
—55°C to +125°C. Voltage ratings:
50 Vde @ 125°C and 100 Vdc @
85°C. Capacitance tol.: £5%,
+10%, *=20%. Noble metals are std.
termination materials. Vitramon, "nc.,
Box 544, Bridgeport, Conn. 06601.
(203) 268-6261.

Circle 293 on !nquiry Card

LAMP ASSEMBLY

Has finger-tip replacement.

o ]
Brite Glo lamp assembly can easily
be serviced from the front after it has
been installed in a panel. Removable
round dome lens unscrews and the T-1
lamp is exposed for removal. A std.
#680 incand. lamp rated 5 V at 60
mA is supplied installed. It is only
0.500 in. behind the panel; 0.315 in.
dia. $1.29 ea. Alco Electronic Prod-
ucts, Inc., Box 1348, Lawrence, Mass.
01842. (617) 686-3887.
Circle 294 on Inquiry Card
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PHASE SEQUENCE ALARM
For PC board mounting.

Model PK-1 alarm monitors the se-
quence and quadrature relationship be-
tween voltages of a two-phase system.
Should the sequence be reversed, or
the phase difference vary from 90°,
an output signal is generated for en-
ergizing an ext. alarm and/or control
circuit. It is 3.5 in. long, 1.8 in. wide
and 1 in. high. $124. North Hills Elec-
tronics, Inc., Glen Cove, L. I., N. Y.
11542. (516) 671-5700.

Circle 295 or Inquiry Card

BROADBAND AMPLIFER
With over 10 W of rf power out.

y ; "
s »—-—__u
3 e

Model 310L is an untuned, ss power
amplifier that can provide over 10 W
of rf power output from 250 kHz to
110 MHz. Its flat 50 dB gain permits
it to be driven to its full power output
by all signal and sweep generators.
Useful power output is available up to
150 MHz at reduced gain. Electronic
Navigation Industries Inc., 1337 Main
St. E., Rochester, N. Y. 14609. (716)
288-2420.

Circle 296 on Inquiry Card

PRE-CUT TAPES

Simplify wrapping wires, cables.

B~

Pre-cut strips of Handi-Pac Tape in
pocket size dispenser books provide
an easy way to splice, insulate, tie or
code wires and cables. Because only
the length of tape itself is involved in
wrapping the wire, your hands are free
to complete the application firmly,
with ease and speed. No tools are
needed for cutting. W. H. Brady Co.,
726 W. Glendale Ave., Milwaukee,
Wis. 53201. (414) 332-8100.

Circle 297 on Inquiry Card

The Electronic Engineer * Feb. 1970

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

Circle 65 on Inquiry Card

(Using Dual-In-Line | C’s)

or interfacing plug.
Request I. C. folder

AUGAT..

Circle 66 on Inquiry Card

PLUG ACGESSORIES

FOR HIGH DENSITY
PACKAGING PANELS

Provide greater flexibility in prototyping and packaging. Facilitate
interposing of discrete components. Plugs have 14 and 16 leads with
pins on .100” centers and .300” between rows.

1. Adaptor Plugs — in single and double pattern combinations. Also
permit modular construction with P. C boards and sub-strates.

2. Interfacing Plug — permits combining patterns on a single board or
interconnection of patterns between boards. Also used as test plug.

Contact patterns on Augat panels permit insertion of | C, adaptor plug

TEL.617/222-2202
39 PERRY AVE., ATTLEBORO, MASS. 02703

A
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NEW PRODUCTS

HE-NE LASERS

For airborne applications.

New 3 mW TEM,, laser designated
3079H, meets Mil-E-5400 environ-
mental specs. It operates from —65°
to +80°C and at altitudes from 0 to
55,000 ft. Intensity variation is <
20% when subjected to temps from
0° to 55°C and when operated from
sea level to 50,000 ft. Warm-up time
is < 10 minutes from 0°C; beam in-
tensity modulation is < 19 rms under
static conditions; and < 29 rms when
the laser is subjected to 2.5 g vib. from
70 to 2000 Hz. Hughes Electron Dy-
namics Div., 3100 W. Lomita Blvd.,
Torrance, Calif. 90509.

Circle 298 on Inquiry Card

JUNCTION FET's

2N equivalent devices.

TO-18 type epoxy package (TO-106)
Types being introduced are: ITE3066-
68—Ilow level, low noise chopper uses;
ITE4117-19 — applications requiring
low leakage; ITE4338-41—multiplexer
uses; ITE4391-93 — low Rpg (on)
switch applications; ITE4416 — vhf/
uhf front ends; ITE4867-69 — audio
applications requiring ultra low noise
devices; and the 2N5163, a low noise,
general purpose amplifier and switch.
Intersil Inc., 10900 N. Tantau Ave.,
Cupertino, Calif. 95014. (408) 257-
5450.
Circle 299 on Inquiry Card

VIBRATION MACHINE
VTests 1cs and semiconductors.

This machine tests components at
acceleration levels to 70 g. The RV-
16-50 has a mechanical vibration gen-
erator which operates in the freq. range
of 10 to 1000 Hz. It tests 1cs for Mil-
STD-883, Method 2005. Features are
heavy duty hydrodynamic sleeve bear-
ings with forced oil lubrication, no
gears in the vibration table, cooling
water circulating through the table and
bearings housings, a low inertia tor-
sion bar suspension system and cool-
ing water control. L.A.B. Corp., 500
Onondaga St., Skaneateles, N. Y.
13152,

Circle 300 on Inquiry Card

FOR EXCELLENCE IN

TERMINATION HARDWARE
SPECIFY GRAYHILL
434

Test Clips
Test Clips

Adjustable tension, threaded studs or plug
in bases, various sizes.

Push Posts

Plunger action lets you connect and dis-
connect quickly and easily, assures posi-

o tive contact.

Push Binding Posts

Posts Screw type or spring loaded, banana plug
y or stud mounting, single or multiple units,

with various colors for circuit identification.
Stand-Off

Insulators g Stand-Off Insulators
High dielectric strength, low loss insula-

tion, low moisture absorption, various

Binding mounting styles.
Posts Sockets
Lamp or transistor, various colors, various
- mountings including printed circuit.
Vi Custom Molded Parts
; Tight tolerances provide you with “assem-
bly ready" units. Thermosetting plastics to
Sockets meet most specifications.
Plastic F Gravhill Engi |
or your Grayhill Engineerin
/\/ Molded y y (] 9

Parts Catalog offering complete technical
data— contact

543 Hillgrove Avenue
LaGrange, lllinois 60525

Guyhill
Area Code 312, Phone 354-1040
...the Difference Between Excellent and Adequate

116 Circle 67 on Inquiry Card

thin
wall
Silicone Rubber Sleeving

Space-saving thin wall construction and precision ID dimen-
sions make Varglas Silicone Rubber Sleevings the best answer
for miniaturization. Highly flexible with dielectric strength up
to 8,000 volts, Varglas resists deterioration, cracking, crazing,
and “cut through” in temperature from minus 70° to plus
400°F. Meets government specification MIL-I-18057A.

A complete range of sizes from .010” to 3” ID, in brilliant,
non-fading colors for instant coding identification. Comes in

coils, spools or 36” lengths for off-the-shelf delivery. Of course,

Varflex engineers are always ready to work with you at any
time to develop the special sleevings and tubings you need for
your applications. No obligation or charge for this cooperation.

® Write for free folder containing test samples

a “Never satisfied until you are”

VARFLEX SALES CO., INC. .

308 N. Jay Street, Rome, N. Y.

Circle 68 on Inquiry Card



SYSTEMS EQUIPMENT

MODULAR A/D CONVERTER

Conversion time is 50 us *=4 us.

Model 770-754 is a 13 bit converter
contained in two 5.2 in.3 modules. One
contains the digital portion and the
other the analog portion of the con-
verter. Five different output codes are
available: Straight binary, one’s com-
plement, two’s complement, offset bi-
nary, and BcD, Accuracy is #0.015%
of F.S.,, =% LsB. $725.00. Redcor
Corp., 7800 Deering Ave., Box 1031,
Canoga Park, Calif. 91304. (213)
348-5892.

Circle 301 on Inquiry Card

TERMINAL KEYBOARD
MOS-encoded.

"!N“%ﬁ'ﬁ

% e
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This keyboard uses a large scale 1c to
handle all of its electronic signal-cod-
ing tasks for remote communications
terminals and data-preparation de-
vices. It generates up to four levels
of code from the same key. It is com-
patible with any terminal system logic:
high- and low-level Mos, DTL, TTL, and
RTL. Micro Switch, div. of Honeywell
Inc., Chicago & Spring Sts., Freeport,
Ill. 61032.

Circle 302 on Inquiry Card

A/D CONVERTERS
Accuracy is #=0.025% =15 LSB.

AD300 Series includes 14 std. mod-
els. They provide binary or BcD out-
put code with 8, 10 or 12-bit binary
or 12-bit Bcp resolution. They digitize
at a rate of about 10,000 conver-
sions/s. Models are available that op-
erate at rates to 20,000 conversions/s
with slightly reduced accuracy. Com-
puter Products, 2709 N. Dixie Hwy,
Box 23849, Ft. Lauderdale, Fla.
33307. (305) 565-9565.

Circle 303 on Inquiry Card
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DATA TERMINALS
Has a solid state printhead.

Series 720 terminals are compatible
with KSR (keyboard send-receive) 33
to 35 teletypewriters. They are offered
in USASCII and BCD codes and in
keyboard and receive-only models.
The new data terminal models (15,
20, 21, 22, 30 and 31) are almost
silent at speeds up to 40 char./s. All
models use a 5 x 7 matrix pattern.
Texas Instruments Incorporated, Box
66027, Houston, Tex. 77006. (713)
526-1411.

Circle 304 on Inquiry Card

PLATED WIRE MEMORY

200 ns read or write cycle time.

System/200’s basic module is 1024
words by 36 bits and is expandable
upward or downward. It is a two cross-
over/bit system with single turn word
straps, using a onc transistor/word
line matrix and gated preamplifiers in
the sense-digit loop. High speed TTL
logic is used throughout. Memory Sys-
tems, Inc., 3341 W. EIl Segundo Blvd.,
Hawthorne, Calif. 90250. (213) 772-
4220.

Circle 305 on Inquiry Card

DIGITAL CASSETTE

For computer tape drives.

Series PC-800 precision cassette was
designed specifically for cassette tape
drives used as computer peripheral
devices. It uses a precision metal plate,
steelbearing mounted fixed hubs, and a
four-point tape path system. Other
features: self-aligning precision rollers,
new pressure pads and a new hub con-
struction principle. Ampex Corp., 401
Broadway, Redwood City, Calif.
94063. (415) 367-4151.

Circle 306 on Inquiry Card
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MODEL PS67- 325 1

UNITRON
FREQUENCY CONVERTER
60 Hz to 400 Hz
2 KVA Sine Wave Output

Completely protected — INPUT: Over/
undervoltage, phase loss, overcurrent.
OUTPUT: Overload and short circuit
« Stable frequency and voltage regu-
lation * Designed to meet applicable
RFI specifications
One of several all-silicon solid-state con-
verters providing precision 400 Hz, 2 KVA
power from a 50/60 Hz source, with vir-
tually no audible noise. A stable output is
assured by complete frequency and voltage
regulation. This and similar 2.5 KVA unit
will handle severe surge currents. A separate
28 VDC, 350 W output is optional, and a
rack-mount, fully-metered configuration is
available. Typical applications are flight
simulators, and testing and ground support
equipment. Other units with 1 and 8 KVA
outputs.
Write for complete information.

UNITRON

Division of Electric Machinery Mfg. Company
1624 N. FIRST ST.

GARLAND, TEXAS 75040 (214) 276-8591

Circle 69 on Inquiry Card




Weston does its own thing:
an AC/DC,
Volts/Amps,/Ohms,

bench/panel/portable

DMM...

Nobody does it like Weston, because
nobody else has as much metering and
digital experience.

That’s why our new Model 1240 multi-
meter is not just an assemblage of stock
components fitted to a package, but a
custom-designed instrument embody-
ing the very latest in technology by the
leader in precision measurement.

From its rugged, glass-filled thermo-
plastic case down to its feather-touch
pushbuttons, this is proprietary engi-
neering at its finest.

Versatility? The Weston 1240 goes
anywhere. It will fit your attache case,
weighs only four pounds when carried
by its self-contained handle (which
doubles as a tilt stand for bench use),
and comes completely equipped for

*Registered trademark, Burroughs Corp.
**U.S. Pat. #3,051,939 and patents pending.

r
$379>

complete.

mounting in a standard 3%2” panel. No
extras to buy.

An external switch provides for 115V
or 230V operation, and if you're in the
boondocks you can plug in an optional
battery pack.

Other user exclusives . . . complete
circuit overload protection, fuses re-
placeable from outside the case,
recessed controls, in-house designed
positive-detent range switch, pluggable
Nixie* tubes, automatic polarity and
outrange indication.

Performance-wise, the Model 1240 is
a 3Y%2-digit, high-impedance unit with
ten DC, ten AC and six Ohms ranges,
plus full voltage and current measuring
capability. Accuracy is 0.1% of reading
+.05% F.S. on DC volts.

¢

WESTON

o i (7) (71 (,7 J

Weston engineered features include
patented dual slope** integration and
shunt circuitry, ultra-reliable gold-on-
gold switch contacts, and non-blinking
display with automatic decimal posi-
tioning.

Also available at less cost is our
Model 1241 DG volt/ohm meter. Both
models are in stock now for immediate
delivery. See them at your Weston
Distributor, or ask us about the “going
thing” in measurement . . . the Model
1240 DMM by Weston.

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

WESTON'



LITERATURE

Control systems

Featuring solid state circuitry, the
Veritrak® system encompasses a com-
prehensive line of transmitters, receiv-
ers, controllers, recorders, computer
control stations, preassembled pack-
ages for specific analog computing
applications and related accessories for
analog and direct digital control sys-
tems. Details are provided for you in
a 20-page bulletin which introduces,
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among other instruments, two major
units — the Veritrak® performance
optimizing controller, operating direct-
ly on analog signals to achieve the
efficiencies of computer control, and
the computer control station, a com-
pact solid state process control instru-
ment for computer/process interface
in DDC and supervisory systems.
Motorola Instrumentation and Control
Inc., Box 5409, Phoenix, Ariz. 85010.
Circle 370 on Inquiry Card

Power semiconductors

Pirgo NpPN and pNP silicon planar
power transistors, which exhibit low
saturation voltage at maximum col-
lector current, are listed in a 26-page
brochure. Ratings range from 2 to 90
as the transistors are packaged in a
variety of cases. Operating character-
istics are listed in chart form and
graphs are included by Pirgo, an affili-
ate of Sprague. Sprague Products Co.,
North Adams, Mass. 01247,

Circle 371 on Inquiry Card

Instrumentation

Electronic test and measuring in-
struments are shown in a 24-page pub-
lication. Among those products and
systems described are oscillographs,
X-y and magnetic tape recorders, sig-
nal—conditioning equipment, digital
multimeters, transducers and RFI/EMI
surveillance and analysis equipment. A
picture accompanies the write-up of
each instrument available, and the ca-
pabilities of each instrument are dis-
cussed. Honeywell Test Instruments
Div., Box 5227, Denver, Colo. 80217.

Circle 372 on Inquiry Card

<€——Circle 70 on Inquiry Card

Insulating materials

For the designer of transformers
here is a 12-page guide to insulating
materials and systems. Electrical in-
sulating materials are the subject of
the brochure, and it describes the lat-
est in materials for use from the initial
structural frame to the final life-length-
ening encapsulation. It tells you where
to specify each material, what to use
for various temperature ranges and
what to specify for special environ-
mental conditions. 3M Co., Dielectric
Materials and Systems Div., 3M Cen-
ter, St. Paul, Minn. 55101.

Circle 373 on Inquiry Card

Diffractometer

In this 14-page bulletin you will find
a complete description of the Model
ADG-301 X-ray diffractometer system.
To help you better understand the
working features of the instrument, de-
tailed specs are given for its compo-

nent parts— X-ray generator, timer,
X-ray tubes and tube housings, goniom-
eter and recorder. Typical readout
charts are reproduced and block dia-
grams illustrate its construction. Beck-
man Instruments Inc., 2500 Harbor

Blvd., Fullerton, Calif. 92634.
Circle 374 on Inquiry Card

Transistors and ICs

Two catalogs are offered to you on
these subjects. A condensed catalog
provides pertinent information on
small signal and power transistors. All
devices are indexed by type number
allowing easy access to information.
ics and discrete devices are the sub-
jects of a second catalog. Electrical
characteristics are given in chart form
and outline drawings are provided for
several models. Comprehensive data
sheets, application notes, detailed cata-
logs and reliability data are available.
Solitron Devices Inc., 1177 Blue
Heron Blvd., Riviera Beach, Fla.

33403.
Circle 375 on Inquiry Card

Cable control systems

“Why Use Cable Tension Regula-
tors” supplies data enabling the con-
trol systems engineer to calculate the
effect on cable control systems of
thermal deflections, structural deflec-
tions and aircraft pressurization. The
15-page bulletin illustrates many avail-
able design variations including de-
signs for the new jumbo jets. Pacific
Scientific Co., 1346 South State Col-
lege Blvd., Anaheim, Calif. 92803.

Circle 376 on Inquiry Card

Mini beam lamp

A miniature beam lamp. designated
PAR-16, was developed to meet the
need for a small. high performance,
low voltage lamp that could function
in extreme climatic conditions. Sug-
gested applications are provided in the
4-page foldout brochure that discusses
the lamp. as are specs. Tung Sol. Div.
Wagner Electric Corp., 1 Summer
Ave., Newark, N. J. 07104.

Circle 377 on Inquiry Card

Solid state modules

For each product promoted in this
32-page catalog you will find a gen-
eral description of the product’s physi-
cal characteristics, its capabilities and
applications. A photograph and/or
schematic accompany each descrip-
tion. All units are of completely solid
state design and miniature modular
construction, assuring stable operation
through shock, vibration and accelera-
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Bridge amplifier built using a differen-
tial operational dc amplifier.

tion. Included are such items as the
model 3002 dc operational amplifier
which features an active internal low-
power temperature regulator, isolated
within a high thermal resistance pack-
age, to maintain a constant substrate
temperature above the highest ambient
up to 125°C. Solid State Electronics
Corp., 15321 Rayen St., Sepulveda,
Calif. 91343.
Circle 378 on Inquiry Card
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LITERATURE

TTL data selectors

In digital systems, where informa-
tion from multiple sourcés must be
processed, stored, transferred or han-
dled in some other way, it is necessary
to have circuits that provide selective
access to information sources. This 18-
page report discusses applications of
these circuits being used for random

oUTPUT Y OUTPUT W

STROBE Dy, Dy D; D3 Dy Ds Dg Dy A B C
(ENABLE)

—
DATA INPUTS DATA SELECT (BINARY)

Data Selectors SN54/74151—
Functional Block Diagram

and sequential data selection, parallel-
to-serial conversion, multiplexing to
multiple lines, binary word compari-
son, character generation and imple-
mentation of logic functions. Texas In-
struments Inc., Box 5012—M/S 308,
Dallas, Texas 75222.
Circle 379 on Inquiry Card

Signal processor

A digital signal processing system,
designated CompuSignal System-3
(CSS-3), is the subject of an 8-page
brochure. Applications for the device
which have already been investigated
lie in the areas of geophysics, shock
vibration, acoustics, marine sonics, bio-
medicine, radio astronomy and com-
munications/intelligence. Typical per-
formance spectra are provided.
Computer Signal Processors, Inc., 209
Middlesex Trpk., Burlington, Mass.

01803
Circle 380 on Inquiry Card

Chemical product index

An index of industrial, specialty and
fine chemicals is contained in a 12-
page booklet. Properties for the vari-
ous chemicals, which are listed by
product group, are included in the
listing. Cellulose products with appli-
cations are described. Eastman Chemi-
cal Products, Inc., 1133 Ave. of the
Americas. New York, N.Y. 10036.

Circle 381 on Inquiry Card
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Audio recorders

Product descriptions are not just
product descriptions as this company
presents two case histories of the use
of their recording equipment. One of
the two 2-page bulletins tells of the in-
troduction of multichannel audio re-
corders to a creative recording studio
in New York City. The other describes
the use of multichannel recorders by a
studio in Calif., as both industry and
studio meet the growing demand for
electronic products used for creative
effects. Ampex Corp., 401 Broadway,
Redwood City, Calif. 94063.

Circle 382 on Inquiry Card

Optical filters

A comprehensive discussion of opti-
cal interference filters is contained in
a 24-page reference book. Detailed in
the handbook are narrow band uUv
filters, wavelength 1R filters, neutral
density filters, and multilayer dielec-
tric filters. Suggested as a reference for

optical filters
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those involved in research, industry,
aerospace, the military and medicine,
the guide includes photos., diagrams
and specs for the entire filter line. Sys-
tem Components Div., Baird-Atomic,
Inc., 125 Middlesex Turnpike, Bed-
ford, Mass. 01730.
Circle 383 on Inquiry Card

Solid state choppers

The solid state chopper (or modu-
lator) is a rigidly encapsulated unit de-
signed to alternately connect and dis-
connect a load from a signal source.
It may also be used as a demodulator
to convert an ac signal to dc. It is
capable of linearly switching or chop-
ping voltages over a wide dynamic
range which extends down to a frac-
tion of a millivolt and up to 150 volts
or more. This and more information
on a complete line of choppers (30
types) is available in a 62-page cata-
log from Solid State Electronics Corp.,
15321 Rayen St., Sepulveda, Calif.

91343,
Circle 384 on Inquiry Card

Micro 800 computers

All your questions concerning the
Micro 800 and 810 computers will be
answered in this 16-page brochure.
Simply organized, but thoroughly in-
formative, the brochure first presents
a “mini-seminar,” a two-page discus-
sion on the basic characteristics of
each computer. It then takes each
model and gives its general descrip-
tion, specs, a block diagram, and its
functional organization. To start you
off, we’ll tell you that the Micro 800
is a high-speed, micro-programmable
digital computer which executes pro-
grams located in a read-only store
with a command execution time of
220 ns. The Micro 810 is a micro-
programmed adaptation of the Micro
800 system. Both are available from
MicroSystems Inc., Sub. of Micro-
data Corp.. 644 E. Young St., Santa
Ana, Calif. 92705.

Circle 385 on Inquiry Card

Crystals concept

A 76-page source covers data on
single crystals. Information on each
crystal includes growth method, crystal
structure and purity, as well as a break-
out of each element from a periodic
table. An introduction to the growth of
single crystal materials is provided.
Alfa Crystals, Bradford. Pa. 16701.

Circle 386 on Inquiry Card

Application memos

This interesting book (416 pages)
does justice to its name—its full of
applications, with very few commer-
cials. Most of the applications are, of
course, for circuits Signetics makes,
but they are written to help you solve
a problem, rather than select a prod-
uct. The applications start from the
very basic background of digital 1cs—

VCC

Logical one levels

Min one output voltage

—— Max one input threshold volt.

— Min zero input threshold volt.
————  Max zero output voltage
277> GND

w6

DC noise margin representation

there is even an excellent ‘“‘glossary”
of logic terms—and work their way
up to more specialized applications for
both linear and digital ics, such as
oscillators, log amplifiers, Tv wave-
form generators and arithmetic cir-
cuits. Signetics Corp., 811 East Arques
Ave., Sunnyvale, Calif. 94086.
Circle 387 on Inquiry Card
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Modular power supplies

Modular dc sources for use in power
and reference applications are dis-
cussed in a 12-page catalog. The power
supplies described have been designed
for power op amps and related analog

circuitry that require dual =15 Vdc.
Operating characteristics, schematics
and a power supply directory are in-
cluded in the reference. Analog De-
vices, Inc., 221 5th St., Cambridge,
Mass. 02142.

Circle 388 on Inquiry Card

VHF tuner requirements

A 15-page application report dis-
cusses the VHF input stage with FET
or bipolar transistors. Using the FET,
it is possible to substantially improve
large signal characteristics of the in-
put stage. Schematics are included in
the note, as are charts and graphs
Telefunken, South St., Roosevelt Field,
Garden City, N. Y. 11530.

Circle 389 on Inquiry Card

Filter facts

A 6-page active filter report pro-
vides the systems engineer with data
needed for selection of proper filter
characteristics. Tables of transfer func-
tions and plots of frequency response,

step response, and time delay are pro-
vided for 2-6 poles. High pass, low
pass, bandpass, and band reject filters
are described. Frequency Devices,
Inc., 25 Locust St., Haverhill, Mass.
01830.

Circle 390 on Inquiry Card

The Electronic Engineer ¢ Feb. 1970

IC wideband amp

Principal features of RCA’s CA3040
1c wideband amplifier are discussed in
application note ICAN-5977. Opera-
tion of the 1c is covered as are electri-
cal characteristics, ratings and its
primary appplication as a wideband
amplifier. Schematics are provided
throughout the note. RCA, Electronic
Components, Harrison, N. J. 07029.

Circle 391 on Inquiry Card

Thermal products

Information about the availability
and uses of thermal products for the
measurement or exchange of thermal
energy is offered to you in this 206-
page catalog. More than 40 pages are
devoted to engineering data, such as
thermal properties of materials, ther-

Thermdl

Products

moelectric tables and calculation aids
—handbook data. Section IT lists its
products by temperature measurement,
heat measurement, heat application,
heat removal, and tools and supplies.
This versatile catalog is yours from
Thermal Corp., Box 5327, Huntsville,

Ala. 35805.
Circle 392 on Inquiry Card

Signal conditioners

Before this 20-page bulletin de-
scribes and illustrates the individual
models available in the 9800 series of
input signal-conditioning couplers, it
devotes two pages to a coupler appli-
cation guide and two pages to a
physiological measurement guide. The
couplers are compatible with all high-
sensitivity Dynograph® recorder sys-
tems using the Type 481B or Type
461B preamplifier, including the Bio-
medical Standard R, Types R, RP, RS,
R-2005 and S-II. The guides help you
to choose the proper model according
to the function to be recorded and the
type of transducer. Beckman Instru-
ments, Inc., Electronic Instruments
Div., 3900 River Rd., Schiller Park,
IIl. 60176.

Circle 393 on Inquiry Card

Permanent Magnet
DC Motors
at New, Low Prices

Now, automatic production equip-
ment allows American Electron-
ics, Inc. to reduce the prices of
Size 9 and 13 permanent magnet
dc motors by 409%,. And every AEI
dc motor still has precision ball
bearings, a dynamically balanced
armature, long lasting brushes
and powerful Alnico V magnets.

These motors are available with
ratings from 0.8 ounce-inch and
from 4,000 to 20,000 RPM. Acces-
sories tailored to fit your appli-
cation.

Circle the Reader Service num-
ber now, and we'll send you our
short form catalog and our Design
and Applications booklet. Or call
today for prices. Phone (714) 871-
3020. TWX 910-592-1256.

AED®

TRADEMARK

AMERICAN ELECTRONICS INC.
1600 East Valencia Drive
Fullerton, California 92634

Circle 71 on Inquiry Card
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A $9,000,000 INDUSTRIAL ELECTRONIC INVENTORY
720 PAGES « OVER 70,000 ITEMS; 500 MAJOR LINES
INCLUDING THE COMPLETE LINE OF

CORNING

RESISTORS /CAPACITORS

For guys who can't stand failures

New—low cost C3 resistor in
RN50/RCO5 size offers ¥%w in
a small package with long life
stability.

Corning® Glass capacitors pro-
vide environment-free perform-
ance with proven stability and
reliability.

Corning precision and semi-precision resis-
tors for both military and commercial appli-
cation offer design versatility and guaran-
teed performance along with economy.
Immediate delivery from stock—factory OEM prices
—fast efficient service from 71 Newark warehouses.

One source for the products
you need, in the quantities
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For your free catalog write to:
_Main Office & Warehouse
/ ELECTRONICS
EWARK CORPORATION
500 North Pulaski Chicago, lllinois 60624
(312) 638-4411
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* Minneapolis, Minn. Los Angeles Area *
(612) 331-6350 (213) 678-0441

* Cincinnati, Ohio Grand Rapids, Michigan *
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Circle 72 on Inquiry Card

LITERATURE

Digital processor

Designed for economical high-speed
time-series analysis and synthesis un-
der computer control, the Time/Data
90 is the subject of a 7-page catalog.
The system, which is an all digital
processor offering fast Fourier trans-
forms and power spectrums, can be
used independently or coupled with
most computers. Standard system con-
figurations are included in the bro-
chure. Time/Data Corp., 490 San
Antonio Rd., Palo Alto, Calif. 94306.

Circle 394 on Inquiry Card

Semiconductor products

“The zener specialists” will send you
a 24-page catalog covering their stand-
ard product line and introducing a
complete line of semiconductor chips
now being used in thick- and thin-film
hybrid microcircuits. If you are a zener
user you will find the line has ex-
panded to cover requirements up to 5
W in micro-packages, and to include
temperature-compensated reference de-
vices. Each product is accompanied by
a chart giving you all the essential
technical information for your selec-
tion. Address your request on com-
pany letterhead to Centralab Semicon-
ductor, Dept. A, 4501 N. Arden Dr.,
El Monte, Calif. 91734.

Coaxial-package transistors

Application note 4025, titled “The
use of coaxial-package transistors in
microstripline circuits” describes the
design, construction and performance
of microstripline circuits using 2N5470
coaxial transistors. The two circuits
discussed are a 1.5 GHz amplifier
which provides 1.5 watts of output
power with 8.0-dB power gain and
509% collector efficiency, and a 2-GHz
amplifier which provides 1.2 watts of
output power with 6-dB power gain
and 40% collector efficiency. Sche-
matics and Smith chart diagrams are
included. RCA, Electronic Compo-
nents, Harrison, N. J. 07029.

Circle 395 on Inquiry Card

Photomultiplier tubes

Catalog PIT-700A is an expanded
and updated version which includes
preliminary selection information on
photomultiplier tubes, image converter
tubes, photodiodes and electro-multi-
pliers. Physical characteristics for the
devices are provided in the 57-pager,
as are schematics.

Auvailable for 80¢ from RCA, Elec-
tronic Components, Harrison, N. J.
07029.

TV antennas

Omnidirectional and directional UHF
antennas for commercial and educa-
tional broadcasters are described for
you in this 6-page brochure. To help
you with your selection, vertical and

‘z{sl
horizontal plane patterns are explained
and illustrated, and a 2-page chart
gives gives you the complete specs for
each model. Ampex Corp., M.S. 7-13,
401 Broadway, Redwood City, Calif.

94063.
Circle 396 on Inquiry Card

Neon glow lamps

Applications for neon glow lamps,
as circuit components and voltage reg-
ulators, are outlined in a 12-page bro-
chure. Twenty-two circuit applications
are listed for the lamps, as in vidicons,
photomultipliers, power supplies and
remote controls, among others. Sig-
nalite Inc., 1933 Heck Ave., Neptune,
N-J. 07753;

Circle 397 on Inquiry Card

Vacuum/coater systems

Suggested for those using vacuum
deposition equipment, a 20-page oro-
chure describes and provides a work-
ing knowledge of vacuum/coater sys-
tems. Included in the catalog are
vacuum performance graphs, space and

NRC 37
Vacuum/Coster Systems

utility requirements, and descriptions
of the wvarious available systems.
Modular options for the equipment are
discussed and include pumping mod-
ules, power supplies and feed-throughs.
Norton Co., 160 Charlemont St., New-
ton, Mass. 02161,
Circle 398 on Inquiry Card
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Seminar and Workshog

APPLICATIONS OF

INTEGRATED CIRCUITS
TO COMMUNICATIONS

When:

Tuesday, February 17, 1970
8:00 A.M. to 5:00 P.M.

(the day before the International Solid State
Circuits Conference in Philadelphia)

Where:

Pennsylvania East Room
Sheraton Hotel
Philadelphia, Pa.

THE SEMINAR: (8:00 A.M. to 12:30 P.M.)

A series of papers devoted to practical applications
of the new families of ICs to communications and
consumer products.

Moderator: J. Lightsey Wallace, Atlantic Research
Corp.

Phase-lock loops in communications systems
Arthur Fury
Signetics Corp.

How and where to use phase-locked loops. Applica-
tions in telemetry and fm stereo include decoders,
demodulators, i-f strips and limiters, etc.

AGC—the old dynamic range with good
signal-to-noise trick

Jack Macintosh and Tom Mills

Fairchild Semiconductor

Automatic gain control and how to apply it to high
gain, wideband and wide dynamic range i-f ampli-
fiers. Ssb generators, i-f product detectors, and two-
tone intermodulation distortion will be demonstrated.

ADVANCED

REGISTRATION FORM

Tear off and mail to:
Communication ICs Seminar

THE ELECTRONIC ENGINEER M

sponsored by

ENGINEER

magazine

Complex communications functions with ICs
Ted Hanna
National Semiconductor

How to combine a few ICs to obtain a multitude of
communications functions, such as ssb and video
amplifiers.

Modulation, rf/i-f amplification, and multiplexing
Roy Hejhall
Motorola Semiconductor Products Div.

Integrated circuits are changing rf design concepts.
Here's how to use them for balanced modulators,
vhf i-f's, ssb receivers, etc.

A-m/fm receivers with ICs
Ronald W. Lutz
Sprague Electric Co.

ICs for limiter/detector circuits a-m/fm i-f strips as
used in both TV and fm receivers.

Large scale integration of TV circuits

Dan Gertzis

Amperex Electronic Corp.
A complex circuit, whose functions include video
preamplification, agc detection and amplification,

noise gating, sync separation, etc., serves as central
processor and distribution circuit in TV receivers.

Luncheon

THE WORKSHOP: (2:00 P.M. to 5:00 P.M.)

Here's an opportunity to get your hands on the
circuits described in the morning session. There

will be test equipment and breadboards available to
test the circuits.

Enclosed is my check (money order) in the amount of $45.00* ($55.00 after Feb-
ruary 6) to enroll me in the Seminar and Workshop on the ‘““Applications of Integrated
Circuits to Communications’’ to be held Tuesday, February 17, 1970 at the Sheraton
Hotel in Philadelphia, Pa. This fee covers attendance, one issue of the Proceedings,
and luncheon and coffee break.

TITLE

Chilton Publishing Co.
One Decker Square COMPANY

DIVISION

Bala Cynwyd, Pa. 19004
STREET

*Make check or money order payable
to Communications ICs Seminar; all ciry

STATE ZIP

payments will be acknowledged.
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LITERATURE

Digital memories

A rather comprehensive 28-page ap-
plications manual titled “How to use
digital magnetic core memories” con-
tains 172 practical applications includ-
ing interface. The handbook provides
a review of how a coincident-current
magnetic core memory system works,
and includes a section on the func-

tional capabilities of such a system.
Applications covered are digital data
links, instrumentation systems, busi-
ness data machines, process control
and monitoring, telemetry and com-
munications, and data processing and
organization. Ferroxcube Corp., Sau-
gerties, N. Y.
Circle 399 on Inquiry Card

Wire systems

Featured in this 16-page catalog is
the “P/2/P” wire terminating system,
a semi-automatic type capable of ter-
minating wires in electronic production
applications by wire wrapping, clip-
on, or taper pin insertion. Other sec-
tions tell you about applications, pro-
gramming the numerical control unit,
comparing incremental and absolute
controllers, software and accessories.
The final section compares in detail
three wire terminating methods—
manual, semi-automatic and fully auto-
matic—giving you a basis for evaluat-
ing the correct method for your com-
pany’s wire wrapping operations.
Synergistic Products Inc., 150 E. Ste-
vens Ave., Santa Ana, Calif. 92707.

Circle 400 on Inquiry Card

Crimping tools

Catalog T103 covers crimping tocls
for a variety of applications and in-
cludes class I and II specs of MIL-T-
22520. Included in the booklet are
crimp tool phraseology and suggested
crimping techniques. A description of
available tools is provided, with illus-
trations and specs for each. Buchanan
Electrical Products Corp.. 1065 Floral
Ave., Union, N. J. 07083.

Circle 401 on Inquiry Card
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Heat sinks for SCRs

A series of heat sinks, designed for
use with high power, flat pack type
rectifiers termed ‘“hockey-pucks,” are
described in a 6-page catalog. Permit-
ting a variety of solutions to such
problems as heat dissipation, packag-
ing, bussing and stacking, the high
current dissipated heat sinks can be
used effectively with either natural or
forced convection cooling. Perform-
ance curves as well as outline dimen-
sions are provided. Astrodyne Inc., 207
Cambridge St., Burlington, Mass.
01803.

Circle 402 on Inquiry Card

Crysral oscillators

Damon vcxos are crystal oscillators
with voltage-controlled reactive com-
ponents that provide variations in out-
put frequency without materially af-
fecting the crystal frequency stability.
With this 10-page catalog you will

= Entire Circuit

= === Crystal Alone

Inductive
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learn of product applications; you will
receive background information on
stability and spectral purity; and you
will be informed of essential vcxo
characteristics. Damon/Electronics
Div., 115 Fourth Ave., Needham
Heights, Mass. 02194.

Circle 403 on Inquiry Card

Switches

Lighted matrix displays and switches
are described in a 46-page catalog giv-
ing complete descriptions for matrix
display/switching systems, four-lamp
and single-lamp pushbutton switches
for individual mounting power rotary
switches and miniature indicator lights.
Product series features, performance
and environmental specs. dimensioned
views, schematic diagrams, legend
availability and arrangements and out-
line drawings are included. Staco-
switch, 1139 Baker St., Costa Mesa,
Calif. 92626.

Circle 404 on Inquiry Card

Permanent magnets

The “do’s” and “dont’s” of magnet
design are illustrated for you in a 4-
page paper titled “Mechanical Design
of Permanent Magnets.” Although
short, the article is very comprehen-
sive and covers such topics as magnet
material selection and mounting
methods. It compares the characteris-
tics and usability of the three material
types and gives the benefits of the
various protective coatings. A chart
gives you the properties of permanent
magnets according to their material
composition. Indiana General Corp.,
405 Elm St., Valparaiso, Ind.

Circle 405 on Inquiry Card

Laser guide

Various asnects of laser measure-
ment are the subject of a 2-page data
sheet. Different measurement situa-
tions are discussed with specific ref-
erence to anplicable units. transducers
and measurement devices. A reference
chart of available measurement sys-
tems is included in the guide. Interna-
tional Light. Dexter Industrial Green,
Newburyport, Mass. 01950.

Circle 406 on Inquiry Card

PC design

“Printed Circuit Design and Docu-
mentation: A Straight Forward Sys-
tem” is a 16-page short course on PC
design. In pc manufacturing, commu-
nication is initially the responsibility
of the designer. This presentation de-
scribes a system with which the de-
signer can adequately communicate
the requirements of each circuit to
the fabricator, component purchasers
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and assemblers, technical writers and
customers. In addition to saving up to
70% of the normal drafting time, this
system can essentially eliminate errors
caused by poor communication. Typi-
cal layout and taping sequences are il-
lustrated and described for you, and
a layout and spec guide recommends
various components according to their
usage. HAPCO, Box 1205, Boulder,
Colo. 80302.

Circle 407 on Inquiry Card
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Manufacturing thin-film
microcircuits

The processing philosoohy and ma-
terials characteristics involved in pro-
ducing thin-film microcircuits are dis-
cussed in a 6-page brochure. Such

0N
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tovics as electrical circuit design, thin-
film evaporation, photoresist. resistor
trimming testing and quality assur-
ance are dealt with. Micro Networks
Corp., 5 Barbara Lane, Worcester,
Mass. 01604.

Circle 408 on Inquiry Card

Stepping motor

A 16-page application note discus-
ses the principles upon which an elec-
tronic stepping motor is based. Desig-
nated model 110, the motor offers 13
hp at speeds up to 8000 steps per sec-
ond. The theory of the motor is de-
scribed in non-technical terms as are
its construction and application, in-
cluding electronic driving techniques.
Comparisons with other electronic
steppers are provided. demonstrating
how model 110’s substantial perform-
ance differential over other motors is
achieved. Icon Corp., 156 6th St.,
Cambridge, Mass. 02142,

Circle 409 on Inquiry Card

Microwave products

A 100-page technical catalog cov-
ers a line of microwave products. In-
formation on antennas, microwave
components, semiconductor diodes, fil-

ters, solid state sources, multipliers,
testers, and instruments is provided.
American Electronic Labs., Inc., Box
552, Lansdale, Pa. 19446.

Circle 410 on Inquiry Card
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Beam lead bonder

Not only does this 4-page brochure
give you the essential characteristics
of the product it is meant to sell, but
it goes into a description of how the
bonding machine works. In narrative
form you learn both the features of the
product and how it works. “One of the
major innovations of this machine is
the unique optical system that makes
possible direct alignment of tool and
die as well as die and workpiece.” Pic-
tures and diagrams illustrate the step-
by-step description. Kulicke and Soffa
Industries Inc., 135 Commerce Dr., In-
dustrial Park, Fort Washington, Pa.

Circie 411 on Inquiry Card

Digital data system

The H4200 digital data system
monitors and measures temperature.
pressure, load, thrust, voltage and re-
sistance directly in engineering units.
You will find all information clearly
outlined in this 24-page brochure. The
two digital indicators are pictured, dia-
grammed and described with specs and
a chart providing information on
ranges and accuracies. Comparable in-
formation is given for the scanners,
scan extenders, the digital limit com-
parator and the output converter.
Howell Instruments Inc., 3479 W.
Vickery Blvd., Fort Worth, Texas

76107.
Circle 412 on Inquiry Card

Solid state relays

In this 4-page bulletin you will be-
come familiar with the applications
and features of a solid state DPDT re-
lay incorporating conventional semi-
conductor devices in a hybrid, micro-
electronic assembly. Three models are
diagrammed for you—the NSW 2001,
NSW 3001, and NSW 4001. Applica-
tion notes are given and a diagram
shows how the relay is connected in
the circuit. Nanotron Inc., 8720 Wood-
ley Ave., Sepulveda, Calif. 91343,

Circle 413 on Inquiry Card

Aerospace instruments

A line of instruments for the avia-
tion and aerospace industries are list-
ed in a 14-page brochure. Design data
for each of the devices are included in
the catalog as are operating character-
istics and physical dimensions. Prod-
ucts discussed range from standard il-
lumination devices for aviation use to
instruments for space applications, in-
cluding trim and event indicators.
Weston Instruments Inc., 614 Freling-
huysen Ave., Newark, N. J, 07114.

Circle 414 on Inquiry Card

CHECK
NORTRONICS
HEAD SPECS 3,

MINI-DIGITAL
APPLICATION-

g@‘
‘ AR
o (

&

Model Number

Tape Width—Inches
Tracks on Tape 4
Channels in Head 4

Track Width—Inches .037 056
Channel Spacing .071 088
(Center to Center)
Gap Spacer

0.5 Mil 0.2 Mil

Inductance, 1 KHZ
Resistance, D.C

85 Mhy { 10 Mhy
290 Ohms (39 Ohms

Saturation Current—ma. to
Produce 90% Peak Output
@ 200 BPI

(Measured Zero to Peak,
Alternate Polarity)

Write Current—ma. 150%
Saturation Current @
200 BPI

Read Output—mv. P-P
(Open Circuit)
3.75 ips.

NRZI@ 200BPI 15 ips.

Read Output—mv. P-P 800

BPI Ref. 200 BPI 85% min. |85% min

we These and ¥
@ 7 MORE@ w

NOW AVAILABLE
Request Bulletin #7253 ™*'
and Supplement #7310

available free from the
World’s Most Experienced Manufacturer of
Magnetic Heads

Hortromics

8101 Tenth Avenue North
Minneapolis, Minnesota 55427

Circle 73 on Inquiry Card




FOUNDED 1933

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.

24000 SWITsd Glﬂﬁlﬂlmﬁlﬂ‘ﬂtﬂm

P.O. Box 79, Marlboro, N.J. 07746
Tel (201) 462-6100

Circle 74 on Inquiry Card

dig cast
ZING ALLOY

¢
molded
PLASTICS

OTHER

help you.

MOLDED NYLON, DELRIN &
THERMOPLASTICS
DESIGN GUIDE . . .
how GRC’s special methods for
produclng tlny precision parts in
all engineering thermoplasties can
RC’s exclusive auto-
matic limited cavity techmques

Shows

offer quality and accuracy in small

38

bulletins.

COII Bobbins
Gears & Pinions

GRIES REPRODUCER CO0.

Division of Coats & Clark Inc.
165 Beechwood Ave.,

New Rochelle, N.Y. 10802
(914) 633-8600

parts of diecast zinc alloy. Nylon,
Delrin, and
thermoplastics. Write, wire, phone
NOW for samples and detailed
NO MINIMU
Maximum size:

-4
S long, 2 oz.
—9 Plastic —
134" long,
.05 oz.

other engineering

M SIZE!
Zine Alloy—2”

World's Foremost
Producers of Small
Die Castings and
Plastic Moldings
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LITERATURE

Bite indicators, an internal drum-type
for front panel mount where legend
or character displays are required, and
a Braille type for back panel mount—
bulletins M-14 and M-15 respectively.
Minelco, 600 S. Street, Holbrook,

Mass. 02343.
Circle 415 on Inquiry Card

Reed relay scanners are high-speed
switching instruments capable of con-
necting in a controlled manner one in-
put to one output, bulletin 012-68.
Analog Digital Data Systems Inc., 830

Linden Ave., Rochester, N. Y. 14625.
Circle 416 on Inquiry Card

Digital electrometer for research, in-
dustrial or clinical use provides five-
digit direct readout measurement of
ionic activity—bulletin SI-101 (4-69).
Corning Scientific Instruments, Corn-
ing Glass Works, Medfield, Mass.

02052.
Circle 417 on Inquiry Card

Airprasive® resistor trimmer auto-

matically adjusts microresistor ele-
ments in hybrid, thick-film micro/
electronic circuits—bulletin 6705-RT.
S. S. White Industrial, 201 E. 42nd

St NYLC 10017,
Circle 418 on Inquiry Card

High-speed test system for low-cost
production checkout and maintenance
of electronic equipment — 12-pages.
TeleSciences Inc., 351 New Albany
Rd., Moorestown, N. J. 08057.

Circle 419 on Inquiry Card

Spectrophotometric measurements
without expanded scale slidewires, in-
cluding proper sample handling tech-
niques—application report 16-1. Cary
Instruments, 2724 S. Peck Rd.. Mon-
rovia, Calif. 91016.

Circle 420 on Inquiry Card

Keyboard data entry system which
permits direct data entry from key-
board to magnetic tape, eliminating
handling of punched cards and multi-
ple reels or tape—publication 316-
000004-000. Systems Engineering
Labs., 6901 W. Sunrise Blvd., Ft.
Lauderdale, Fla. 33313.
Circle 421 on Inquiry Card

EMI and pressure sealing gasketing,
designed for low-frequency magnetic
fields, has high internal conductivity
and high contact conductivity with
mating surfaces—4 page booklet.
Metex Corp., 970 New Durham Rd.,
Edison, N.J. 08817.

Circle 422 on Inquiry Card

Transducers designed for measure-
ment problems in industrial and bio-
medical applications—catalog D-23960
(20-pages). Honeywell Test Instru-
ments Div., Box 5227, Denver, Colo.
80217.

Circle 423 on Inquiry Card

Concealed head studs, designed with
a hex head for permanent installation
in blind holes, are made of corrosion
resistant stainless steel (1 page data
sheet). Precision Metal Products Co.,

41 Elm St., Stoneham, Mass. 02180.
Circle 424 on Inquiry Card

Multi element resistor networks fea-

ture 1 ppm temperature coefficients

and Y2 ppm tracking with tolerance

matching to #=0.005 % —technical bul-

letin N-100. Vishay Resistor Products,

63 Lincoln Highway, Malvern, Pa.
Circle 425 on Inquiry Card

Mini motor switch for sequencing,
scanning, testing, counting and cross-
point switching, 1 page, data sheet
10. Ansley E. Corp., Old Easton Rd.,
Doylestown, Pa. 18901.

Circle 426 on Inquiry Card

Byte generator for simulation and
testing of digital. equipment at an 8-
MHz byte rate (8-bits)—data sheet
EC-22 (2-pages). Adar Associates,
Inc., 85 Bolton St., Cambridge, Mass.
02140

Circle 427 on Inquiry Card

DIP sockets for dual in-line 1C devices,
functional for 10,000 insertions, aging
and burn-in applications — bulletin
539. Barnes Corp., 24 N. Lansdowne
Ave., Lansdowne, Pa. 19050.

Circle 428 on Inquiry Card

Hybrid dividers feature discrete per-
formance, small size (occupy ¥4 in.3),
and require no external amplifiers
or adjustments. GPS Instrument Co.,
Inc., 14 Burr St., Framingham, Mass.

01701.
Circle 429 on Inquiry Card

Storage tubes for data processing and
special-purpose microwave devices (4-
page short form catalog). Warnecke
Electron Tubes, Inc., 175 W. Oakton
St., Des Plaines, I1l. 60018.

Circle 430 on Inquiry Card

Plated-wire element testers developed
to satisfy on- and off-line production
and lab test requirements—8 pages.
Computer Test Corp., 3 Computer
Dr., Cherry Hill, N.J. 08034.

Circle 431 on Inquiry Card
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Transmitter/ printer terminal, designed
to operate with computer-controlled
voice response systems and to provide
a printed record of the desired infor-
mation—bulletin  180. Technitrend
Inc., 7300 N. Crescent Blvd., Penn-
sauken, N.J. 08110.
Circle 432 on Inquiry Card

IC core memory (ICM-160) includes
specs, salient features, applications and
options—6 page bulletin. Honeywell
Computer Control Div., Old Connecti-
cut Path, Framingham, Mass. 01701.

Circle 433 on Inquiry Card

Hybrid microelectronic circuits, which
combine monolithic chips, active de-
vices and passive components, per-
form one of several circuit functions
at frequencies from dc to microwave
—2-pages. American Electronic Labs.,
Inc., P.O. Box 552, Lansdale, Pa.
19446.
Circle 434 on Inquiry Card

Solid state switches, integrated and
silicon-controlled in ac and dc models.
for low power control switching of
high wattage loads—bulletin 73-869A
(4-paces). Gems Co., Inc., Farming-
ton, Conn. 06032.

Circle 435 on Inquiry Card

Shaker systems, one with solid state
“lifetime guarantee” transistor power
amp and the other with 8 kVa air-
cooled power amp, systems TA 16400-
150 and 8208AMA respectively (4-
pages). Unholtz-Dickie Corp., 3000
Whitney Ave., Hamden, Conn. 06518.
Circle 436 on Inquiry Card

Chip capacitor covering sizes 0.050 by
0.040 through 0.220 by 0.240 with
values ranging from 10 to 470,000 pF,
for thin- and thick-film applications,
data sheet C25 Vitramon, Inc., P. O.
Box 544, Bridgeport, Conn. 06601.
Circle 437 on Inquiry Card

OEM power modules feature extra de-
sign margin, in an offering of 26
models from 3 to 48 V, from 0.7 to
9.0 A—bulletin 113A. Deltron, Inc.,
Wissahickon Ave., North Wales, Pa.
19454,

Circle 438 on Inquiry Card

Microwave antennas and advanced
components. including an X-band
planar array and an L-band electronic-
ally scanned cylindrical slot array
(20-pages). ITT Gilfillan Inc., Box
7713, Van Nuys, Calif. 91409.

Circle 439 on 'Inquiry Card
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Plasmacoating, a sputtering process

developed for industrial decorative

coating. Varian, Vacuum Div., 611

Hansen Way, Palo Alto, Calif. 94303.
Circle 440 on Inquiry Card

Broadband mini amp with low noise
gain over the frequency range from
1 to 2 GHz. bulletin A-12 (1-page
data sheet). Electro/Data Inc., 1621
Jupiter Rd., Garland, Tex. 75040.
Circle 441 on Inquiry Card

Plug for cables, incorporates an in-
ternal shoulder to prevent the cable
jacket from protruding past the ma-
chined mating surface of the plug
body — bulletin  CX-132. Sealectro
Corp., RF Components Div., 225 Hoyt
St., Mamaroneck, N.Y. 10543.
Circle 442 on Inquiry Card

Function module consists of a pair of
non-circular gears and a linear poten-
tiometer or other transducer mounted
in a compact unit—4-page article re-
print. Cunningham Industries Inc., 56
Hubbard Ave., Stamford, Conn.

Circle 443 on Inquiry Card

Mini-rectangular connectors, for sol-

derless-wraps, feature a 0.045-in. sq.

termination for wrapping up to three

#20 AWG wires—brochure W869.

Continental Connector Corp., 34-63

56th St., Woodside, N.Y. 11377.
Circle 444 on Inquiry Card

Digital angle conversion chart com-
pares N, 2N bits, degrees per bit, min-
utes per bit, and seconds per bit. As-
trosystems Inc., 6 Nevada Dr., Lake
Success, N.Y. 11040.

Circle 445 on Inquiry Card

Transient waveform reproducer for
use in computer analysis eliminates the
need for manual digitizing and the pos-
sibility of human error—bulletin 691.
PhysiTech Inc., 645 Davisville Rd.,
Willow Grove, Pa. 19090.

Circle 446 on Inquiry Card

Communications grade, variable in-
ductors for pc board mounting, 500
to 50,000 Hz—Bulletin 5104 (16
pages). Sangamo Electric Co., Box
359, Springfield, I1l. 62705.

Circle 447 on Inquiry Card

Optical incremental encoder used for
display, data-logging and control ap-
plications, combines low price with
solid state techniques — engineering
bulletin 67-16A. Theta Instrument
Corp., Fairfield, N.J. 07006.

Circle 448 on Inquiry Card

Cable termination systems for termi-
nating solid dielectric shielded power
cables: easily adapt to tape shielded/
jacket cables with an optional adapter
assembly—bulletin 1MF-126 (8-pager).
General Electric, Insulating Materials
Dept., 1 Campbell Rd., Schenectady,
N. Y. 12306.

Circle 449 on Inquiry Card

Griplet'™ connectors, available in brass
or phosphor bronze, suggested for ap-
plications where circuit boards require
high reliability in soldering—bulletin
301. Berg Electronics Inc., New Cum-
berland, Pa. 17070.

Circle 450 on Inquiry Card

Rotary pulse generators that provide
digital measurement of shaft position
and speed in industrial equipment (6-
pages). Available on company letter-
head from Trump Ross Industrial
Controls, Inc., 265 Boston Rd., N.
Billerica, Mass. 01862.
Circle 451 on Inquiry Card

Diffusion furnace profiler, useful in de-
termining stability and flatness of
chamber temperatures to 0.2°C using
platinum rhodium thermocouples with-
out the need of peripheral equipment
—4-page bulletin. Conklin Instrument
Corp., Pleasant Valley, N. Y. 12569.
Circle 452 on Inquiry Card

RF generators, in effect, combine
the functional resources of two instru-
ments in one: an rf signal generator
and a high-speed digital frequency
meter. LogiMetrics Inc., Sub. Slant/
Fin Corp., 100 Forest Dr., Greenvale,
N.Y. 11548.

Circle 453 on Inquiry Card

Laser optical components including
precision substrates and laser coat-
ings (26 pages). Oriel Optics Corp.,
I Market St., Stanford, Conn. 06902.
Circle 454 on Inquiry Card

Digital integrators provide continuous
display during and after integration
and can be used with a spectrum ana-
lyzer to improve signal-to-noise condi-
tions (4-pages). Signal Analysis Indus-
tries Corp., 595 Old Willets Path,
Hauppauge, N.Y. 11787.
Circle 455 on Inquiry Card

Power instruments, all-silicon, convec-
tion-cooled, for lab and test instru-
ment use (16-page catalog). Lambda
Electronics Corp., Route 110, Mel-
ville, N.Y. 11746.

Circle 456 on Inquiry Card
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READ THESE BOOKS

Radar Design Principles

Signal Processing and the Environ-
ment

By Fred E. Nathanson. Published 1969 by
cGraw-Hill Book Company, 330 West 42 St.,
New York, N. Y. 10036. Price $22.50. 626 pages.

One of the classic problems of
radar system design and evaluation
has been the problem involved in
attaining so-called “all weather cap-
ability.” The “total radar environ-
ment” offers such problem areas as,
unwanted reflections from the sea,
land, precipitation and chaff, as well
as thermal and jamming noise.

Nathanson, in a comprehensive
survey of current techniques, delves
into the relationship between radar
signals and environment and sug-
gests optimum types of processing for
specific radar environments. Asses-
sing the current state-of-the-art, he
states “multiple modes of transmission
may be the best solution if the radar
can somehow sense the environment
and adapt to it.”

The book is divided into three
sections, The first is an introduction
to signal processing; the second ana-
lyzes reflectivity of both material and
man-made targets; and the third de-
scribes various signal processing tech-
niques for future radar systems.

A Guide to Superconductivity

Edited by David Fishlock. Published 1970 by
American Elsevier Publishing Company. Inc., 52
Vanderbilt Ave., New York, N. Y. 10017. Price
$7.00. 150 pages.

Since the Dutch scientist Kamer-
lingh Onnes first discovered the phe-
nomenon of superconductivity nearly
sixty years ago, the idea of electrical
conductors that flaunt Ohm’s law by
conducting without losses has frus-
trated engineers. Because of the cost
and difficulty, superconduction has
been more attractive to physicists but
in the last decade powerful electro-
magnets, large dc motors and dc gen-
erators have been designed that show
a definite economic advantage.

This book, an English one, takes
a realistic view at the potential for
superconductivity in such fields as
magnets, rotation machines, trans-
mission equipment, computers and
electronic engineering.

Basic Nuclear Electronics

By Hai Hung Chiang. Published 1969 by Wiley-
Interscience, a Division of John Wiley & Sons,
405 Third Avenue, New York, N. Y. 10016. Price
$14.95. 342 pages.

Pulse Radiolysis

By Max S. Matheson and Leon M. Dorfman.
Published 1969 by The MIT Press, 50 Ames St.,
Cambridge, Mass. 02142. Price $11.75. 202 pages.

Manufacture of Semiconductor Com-
pounds 1969

By Marshall Sittig. Published by Noyes Develop-
ment Corp., Noyes Building, zcrk Ridge, N.J.
07656. 326 pages. Price $35.00.

Transient Performance of Electric
Power Systems
EXI Rhine Holt Rudenberg. Published 1969 by the

IT Press, 50 Ames St., Cambridge, Mass. 02142.
Price $20.00. 832 pages.

Design of Resonant Piezoelectric
Devices

By Richard Holland in EerNise. Published 1969
by the MIT Press, 50 Ames St., Cambridge, Mass.
02142. Price $12.50. 258 pages.

Discrete and Integrated Semiconductor
Circuitry

By Al J. Herbst. Published 1969 by Chatman and
Hall. Distributed by Barnes and Noble Inc. 105
Fifth Ave., N.Y. N.Y. 10003. Price $6.00. 197
pages.

Communication Systems Engineering

Theory

By E. D. Sunde. Published 1969 by John Wiley &
Sons, Inc., 605 Third Ave., N.Y., N.Y. 10016. Price
$19.95. 512 pages.

The 1969 NEREM Record

A digest of papers presented at the |EEE
Northeast Electronics Research and Engineering
Meeting, November, 1969. Published by the Bos-
ton Section of the Institute of Electrical and
Electronics Engineers, Inc., 3! Channing St.,
Newton, Mass. 02158. Price $8.00 for paperback
in the U. S. and Canada; $9.00 elsewhere. 240
pages.

Many on-the-job Helps .

coupon below to:
Edmund Scientific Company,

Ask for Catalog “‘EE"

NAME.

FREECATATOG

OPTICS! SCIENCE! MATH!
GIANT 148 PAGES

THOUSANDS OF UNUSUAL BUYS FOR INDUSTRY

. . Qualit;
Write for this completely new, 1970 Catalog. New
items, new categories, new illustrations, 148 easy-
to-read pages packed with hundreds of charts, dia-
grams, illustrations. A treasure-house of optical and
scientific information . . . unusual bargains galore.
Optics for industry, research labs, design engineers,
experimenters, hobbyists! Instruments for check-
ing, measuring—to speed work, improve quality,
cut production costs. We give you facts: what it is
—how it works—where it's used!

Comparators, Magnifiers, Microscopes
Hard-to-get war surplus bargains—ingenious scien-
tific tools—imported—domestic. Thousands of com-
ponents: lenses, prisms, wedges, mirrors, mounts,
accessories of all descriptions. Dozens of instru-
ments: lasers, magnifiers, stereo, microscopes, tele-
scopes, binoculars, infrared equipment, photo at-
tachments. Shop by mail. No salesman will call.
Use the Catalog of America’'s greatest Optics—
Science—Math Mart. Known for reliability. Mail the

ny
300 Edscerp Building, Barrington, New Jersey 08007

MAIL COUPON FOR GIANT FREE CATALOG

EDMUND SCIENTIFIC CO.

Control Aids!

ADDRESS

COMPANY.

CITY.

STATE

ZIP—

128 Circle 76 on Inquiry Card

) GOOD BUY, MR.
CHIPS . oo e

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
valuegcfwm 1.2 pf to 330 pf in =109 tolerances at

CHIP KIT NO. 2 consists of 300 sample chips, 10 chips
~each of all standard RETMA values from 390 pf to .1

1 .
300 EDSCORP BLDG., BARRINGTON, N. J. 08007 MFD in £10% tolerances at 50 VDCW.
i ire L PRRE e A T | KIT NO. 1 or KIT NO. 2—$49.50 ea. A GOOD BUY!
Rop & | Delivery from stock. Call direct and ask for Jim Waldal.
| Monolithic =
. . R
[ Dielectrics = INnc.

P.O. Box 647, Burbank, Calif. 91503 e (213) 848-4465
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Index to Product Information

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
capacitor 105
capacitor, chip 128
capacitors, chip 114
capacitors, high-Q 112
capacitors, mica 1
capacitors, powerlytic 1
cathode ray tubes 90
connector, printed circuit 47
connector, printed circuit 11
connectors, power 110
connector, test 107
dc motors, permanent magnet 121
detectors, IR 24
detectors, irradiance 104
diode, varactor 109
ferrites, linear 15
filters, EMI 108
fuses 88
indicators, L.E.D. 108
lamp assembly 114
lamp, neon 112
light source 46
light source 114
load resistors, dry rf 104
magnetic heads 104
motor, stepper 104
pilot lights 111
potentiometers 73
receptacle, piggyback 110
relay 80
relays, delay 26
relays, magnetic latching 115
relays, mercury 99
relay, time delay 18-A—18-B
resistors 95
servomotor, precision 110
sockets, DIL 108
suppressors, transient voltage 51
switches 126
switches, lighted pushbutton 23
switch, miniature 109
switch, selector 13
termination hardware 116
tetrodes, power 5
trimmer 76
trimmer, cermet 114

ICs and Semiconductors Page

amplifiers, sense 97
bridge, 1.5 amp 83
chips, power transistor 114
C-MOS circuits 113
diode, gallium arsenide 110
diode, PIN 104
FETs. junction 116
flip-flops, dual D-type 94
logic circuits, series 54/74 6, 7
logic circuits, series 7400 25
logic circuit, series 54/74 66
memory, 15 ns 16
MSI circuits 48, 49
memory interface drivers

memory, random access 74, 75
modulator/demodulator

phototransistors 110
priority encoder, light-input 94
rectifiers 93
SCR 107
SCRs, industrial 108
television IC 97
transistor 114
transistor complements back cover
triacs 114
voltage regulator, dc series 43
Instrumentation Page
accelerometer 101
calibration standard 101
counters 52, 53
data generators

filter, wideband 101
function generators 92
generator, pulse 102
meter, digital panel 102
meter, digital panel 110
meter, output power 103
multimeter 50
multimeter, digital 118
multimeter, five-digit 99
network analyzers 45
oscilloscopes 20,21
particle mass monitor 102
phase shifter 98
pulse generator 101
recorder strip chart 101
scanner, reed switch 98
signal generator 99
test set, dBm/kHz 101
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Page
voltmeter, ac 102
waveform generator 101
X-Y calibrator 101

Materials and Packaging Page

cable tie 87
circuit board basket 112
connector interface 107
contact cleaner 69
contacts, spring-loaded 100
mount, adhesive backed 110
mounting sockets 104
packaging system 103
parts, thermoplastic 126
plate connector system 107
plug accessories 115
printed circuit boards 2
silver substitute 108
sleeving, silicone rubber 116

Modules, Networks &

Subassemblies Page
ac _controller 104
A/D converters 117
alarm, phase sequence 115
alpha/numeric readout 107
amplifier, servo 65
amplifiers, SS 112
amplifier, stabilized 112
coax switch assemblies 24
clock oscillator 97
comparators, voltage 107
crystal filters 111
drivers, solid-state 111
filter, optical color 112
filter, SSB crystal 110
fluidic interface 112
logic pen 22
memory, semiconductor IC 97
mixers, double balanced 114
modules, time code 99
module, watt meter 101
op-amp array 97
op amp, fast-settling 104
op amps ins. back cover
operational amplifiers, high power 19
oscillator, hybrid 107
oscillators 94
oscillator, subcarrier 108
memory module, LSI 89
number converter 9
oscillator, voltage-controlled 93
photo controls 10
phase shifter 93
power module 112
power supplies, plug-in ins. front cover
preamplifier, thin film 97
pulse stretcher 94
regulator, plus/minus 97
f amplifiers, pre post-selector 91
time delay 111
Itage sources, ref 97

New Literature Page
amp, broadband mini 127
amp, IC wideband 121
antennas, microwave 127
antenas, TV 122
application memos 120
bonder, beam lead 125
cables, plugs for 127
capacitor, chip 127
catalog 128
chart, digital angle conversion 127
choppers, solid-state 120
circuits, hybrid microelectronic 127
components, laser optical 127
computers, micro 800 120
conditioners, signal 121
connectors, Griplet™ 127
tors, mini-rect I 127
crystals concept 120
data selectors, TTL 120
diffractometer 119
dividers, hybrid 126
electrometer, digital 126
encoder, optical incremental 127
filter facts 121
filters, optical 120
gasketing, EMI and pressure sealing 126
generator, byte 126
generators, rf 127
generators, rotary pulse 127
index, chemical product 120
indicators, bite 126

RSN

220
218
215

Page

inductors, communications grade

variable
instrumentation 119
instruments, aerospace 125
instruments, power 127
integrators, digital 127
lamp, mini beam 119
lamps, neon glow 122
laser guide 124
magnets, permanent 124
materials, insulating 119
measurements, spectrophotometric 126
memories, digital 124
memory, IC core 127
microcircuits, manufacturing

thin-film 125
microwave products 125
module, function 127
modules, OEM power 127
modules, solid-state 119
motor, stepping 125
networks, multi element resistor 126
oscillators, crystal 124
PC design 124
plasma coating 127
power supplies, modular 121
processor, digital 122
processor, signal 120
profiler, diffusion furnace 127
recorders, audio 120
relays, solid-state 125

producer, transient foii 127
scanners, reed relay 126
semiconductor products 122
semiconductors, power 119
sinks, heat for SCRs 124
sockets, DIP 126
studs, concealed head 126
switch, mini motor 126
switches 124
switches, solid-state 127
system, digital data 125
system, high-speed test 126
system, keyboard data entry 126
systems, cable control 119
ystems, cable terminati 127
systems, control 119
systems, shaker 127
systems, vacuum/coater 122
systems, wire 124
terminal, transmitter/printer 127
testers, plated wire element 126
thermal products 121
tools, crimping 124
transducers 126
transistors, co-axial-packag 122
transistors and ICs 119
trimmers, airbrasive® resistor 126
tubes, photomultiplier 122
tubes, storage 126
tuner, VHF requirements 121
Production & Mfg. Page
abrasives, rubberized 72
cable-lacer 106
drafting machine table 107
IC test system 8
ink, conductive epoxy 107
loader, DIP 104
mask aligner, automatic 97
resistor trimmer 112
spinners, photo resist 110
tapes, pre-cut 115
test set, logic 102
tools, wire-wrap 44,45
signal source 103
vibration machine 116
wire straightener 95
Systems Equipment Page
A/D converter, modular 117
amplifier, broadband 115
amplifiers, cavity 103

converter, freq.-to-dc 114
data acquisition system, 600 channel 91
data recording system 98

data terminals 117
digital cassette 117
frequency converter 117
keyboard. terminal 117
lasers, HE-NE 116
logic arrays 27
memory, LSI 96
memory, ns 16
memory, plated wire 117
modulators, pulse 102
ROM, 1024-bit static 24
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€ N@\W @ENERATI@)
OF OP n m Ps MINI-PRICED WITH MAKI-PERFORMANCE

Teledyne Philbrick Nexus Opera-
tional Amplifiers combine existing mo-
nolithic and discrete module technolo-
gies while adding advantages of their
own.

Teledyne Philbrick Nexus offers the
widest variety of hybrids as well as
a complete line of monolithics and
discrete op amps.

Teledyne Philbrick Nexus Hybrids
are microminiature available in stan-
dard or custom packages.

It's another example of Teledyne
Philbrick Nexus' ability to innovate,
design, and manufacture hybrid op
amps with the highest performance
specifications and the lowest prices.
1402—High performance FET amplifier for
battery applications in a TO—8 case. 500MA
quiescent drain, +4V to +24V supply range,

30pA bias current, 70kHz fp, 10UV/OC, $44
in hundred quantity.

1404—Low power drain (B0MA) in a dual-in-
line configuration. +2V to +18V supply
range,50k: 1 CMRR, 10uV/°C. $40 in hun-
dred quantity.

1405—This differential FET input, high
speed, hybrid op amp comes in a dual-in-
line size package with no external stabiliza-
tion required. Salient specifications include
1 MHz full output frequency, Ay=500k,
slew rate of 50V/usec and output current
of +20ma.

1406—Fast, general purpose amplifier in a
TO—8 case. 100kHz fp, 5V/Us slew rate,
100k: 1 CMRR. $21.50 in hundred quantity.
1407—Low cost, fast, high performance
FET amplifier in a TO—8 package. 30MHz
GBW, 200kHz fp, 10k: 1 CMRR. $52 in
hundred quantity,

1408—High performance, lowest cost FET
amplifier in a “mini-cube’ package (0.6 x
0.6 x 0.2"). 5pA bias current, 70kHz fp,
250k open loop gain, 10k: 1 CMRR. $25 in
hundred quantity.

OTHER MICROCIRCUITS

1300—Dual amplifier monolithic chip in a
dual-in-line size package. Two general pur-

pose amplifiers in one package for the
price of one. $5.20 in hundred quantity.

1301/1303—Single general purpose ampli-
fiersin a dual-in-line size package (1303) and

a TO-99 package (1301) compatible with
MA709 size configurations.

For further information on any of these
Teledyne Philbrick Nexus products,call your
local Teledyne Philbrick
Nexus field representative,
or write today for your
free copy of the new 1970
Teledyne Philbrick Nexus
Catalog. Teledyne Philbrick
Nexus, 67 Allied Drive at
Route 128, Dedham,
Massachusetts 02026 U.S.A.
Telephone: (617)
329-1600. Prices F.O.B.
Factory U.S.A.

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

Y TELEDYNE
PHILBRICK NEXUS

VISIT US AT THE IEEE SHOW




Depend on RCA
reliability in
complementary
medium-power

hermetically sealed for broader applications.

Now...RCA covers the industrial spectrum with general-
——

purpose, p-n-p/n-p-n ﬁ% transistor complements...and they're all hermet-
ically sealed in TO-5 péckaging to give you greater design flexibility and

m
R\
§'g| p-n-p

.I

reliability. Choose any of these broad-spectrum device families —the

- E=zm
@O@ 2N5781, 2N5782, 2N5783, or the n-p-n 2N5784, 2N5785 and 2N5786.

They can fit a host of switching and amplifier

puters, for example, as well as in oscilloscopes, radar, missiles, hi-fi equipment,

marine radios and satellite |Jgg= o] communications systems. RCA silicon p-n-p
Go

and n-p-n medium-power transistors all feature low saturation voltages, high

breakdown voltages and high h.. (min.) at hrgh current. And they're

beta controlled to 1.6 A, with collector-to- emrtter sustarmng voltages (Vi) up

to 80 V available. Ve (sat.) is 1.0 V max. at 1.6 A. For complete @%/ details,
see your local RCA representative or your RCA distributor, or write RCA Elec-

(\ ) )
tronic Components, \\\ =/ Commercial Engineering, Section 1J-2/UT5, Harri-

son, N.J. 07029. In Europe: RCA International Marketing S.A., 2-4 rue du Lievre,

1227 Geneva, Switzerland.

IRG7

Circle 2 on Inquiry Card



