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Wonderful World of V/F's.
Voltage to frequency converters are
not new. You could always buy agood
V/F converter in abig, rack-sized module.
In fact, H-P and others made huge,
monstrous things that cost athousand
dollars each. And they featured pretty
good performance, considering.
Nowadays, we're talking about
modern, small, reliable hybrid modules
that don't cost you an arm and aleg. And
don't need half-a-house worth of power to
run. Say ±
-15 volts at adozen or so mA.
With the kind of linearity, 0.01%, and
ultra-low TC you used to have to buy
racks-worth for.
Why build it if you can't fly it?
Sure you could construct your own
V/F converter. But the garden variety
are usually pretty crummy. It's hard to get
better than 1% linearity. And you just
can't make agood V/F easily using the
circuits you find in magazines today.
On the other hand, by putting
together non-state-of-the-art components
in atricky circuit, we regularly succeed in
producing astate-of-the-art V/F convert
So Iguess the big reason for buying
and not doing it yourself is that you get
more experience, more development, mor
of everything that makes it work. And
less of the guesswork.
The one and only.
Our competitors in the V/F and
F/V area are few and far between. A
couple of guys offer one, maybe two
versions of V/F converters. But linearity
is not one of their strongest features. And
that's being charitable.
We have astandard line and we've
been making alot of specials, too. And
some of the specials we're trying to trade
up to standards. Like micropower ones
and ultra-low TC ones and all the wa},up
to 10MHz and weird stuff like that.
We've got the 4701— a0to
10kHz V/F, the 4703—a 100kHz
V/F, and the big gun—the 4705—a
1MHz V/F. Once we mastered the V/F,
the other side of the coin—the F/V
—was easy. So we've got the 4702
10kHz and the 4704 100kHz F/V.
Robert A. Pease, Sr. Engineer

We use aprecision charge dispensing technique. Which means if you dump
acertain value of charge from acapacitor,
Q = CV, the frequency at which you do
this determines the current and the
amplifier sort of integrates this value and
circles around the loop until you get the
correct frequency. It's easy in theory,
tricky in execution. Another standard
approach is Q = IT which is alittle
more difficult and not nearly as good.
After you've got it
what are you going to do with it?
We've got loads of standard applications literature on V/F and F/V use.
In such areas as telemetry, tachometry,
A/D converters, common-mode isolation,
integration and how you can offset them or
shift the full scale value or filter things. And
how to work with different frequencies.
We discovered that several of our
customers are using them in pollution
nitoring where essentially you have to
grate for along time without drift.
ere are some people in photospectromwho integrate the area under acurve.
Voltage to frequency conversion
vice versa has been in use along time.
ur Teledyne Philbrick V/F Converters
make it easier and less tricky to use V/F
conversion in alot of new ways.
Don't be afraid, ask us.
If V/F or F/V sounds like it may
answer your problem. Or if you don't
know you have aproblem, you really
ought to get our Application Notes and
spec sheets anyway. Just give us acall at
(617) 329-1600. Or write us, Dedham,
Massachusetts 02026. In Europe,
Tel. 73.99.88, Telex: 25881. Or write,
1170 Brussels, Belgium.
nk
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Piece-by-piece,
HP'S new 21MX series.
Minis no other OEM supplier
can offer at any price.
Modular computers that give you all the flexibility you want.
And all the extras you'd probably order special on other systems.
A basic system costs just $3927.* And gives you features
like 4K MOS RAM memory, memory parity, 128 instruction set,
user microprogrammability, floating point, ROM bootstrap
loaders, and a unique front panel.
Call us and find out about the entire 21MX series.
Before your competitor does. After all,
he's working for a living, too.

HP minicomputers.
They work for aliving.
HEWLETT

hp

PACKARD

Sales and service from 172 offices in 65 countries.
1501 Page WI Road, Palo Alto, Cal.torma 94304
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HP COMPUTING CALCULATORS: A CHOICE OF POWER

Calculator-Aided Design —
The Fastest Way from Concept to Prototype
Put an HP 9820 or 9821 programmable calculator
on your desk and you can slash days—perhaps
weeks —from your electronic design schedule.
Because you have complete interactive control of
the design process. You no longer have to interface
with atime-share system, or wait around for
the data processing center to run your job. Just
enter your component values and you can quickly
see how your circuit design would perform. Alter
your component values and our X-Y plotter will
draw aBode diagram that shows the effect of those
changes. It's all done automatically —on the
plotter or built-in printer, completely documented
—before you commit your design to time
consuming breadboarding. It's the cost-effective
way to use your design time.
So, whether you're looking for tools to help
increase engineering efficiency, or looking for new
and better ways to design, consider an HP

HEWLETT ek PACKARD

Calculator-Aided Design solution. For example,
we have CAD programs for network analysis,
filter synthesis, logic circuit minimization,
microwave design —all giving you improved
efficiency from concept to hardware.
For complete details about an HP calculator
system specifically tailored to your type of
electronic design problems, just fill out and return
the attached coupon. We think you'll be surprised
to learn how much time and money this new,
low-cost, interactive technique can save you.
The HP 9820 System with plotter leases for as
little as $261* per month. Call or write today.

'Domestic U.S.A. price

service contract.

/

Please tell me about HP's Calculator-Aided Design solutions:
,J Information only
El Hands-on demonstration
tam planning to use your calculator for:
Name
Company
Address
Zip_
Telephone

Sales and servlce from 172 off oces In 65 countnes
P0 Boa 301 Lowean0 Coleado 005

For information circle 215 on reader service card

only. Lease, where available. includes

(

)

H-P Calc. Inq.. P.O. Box 301. Loveland, CO 80537
816 B

For demonstration circle 2on reader service card
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Microprocessors are entering the
'steep climb portion of their
growth curve—now that industrialequipment, communications-hardware, instrument, and even computer designers have turned on to
the design innovations these mighty
chips make possible.
We've rounded up all the current
trends in microprocessor applications in the special report that
starts on page 81. There, you'll find
an in-depth report on how microprocessors are working their way
into sophisticated hardware—at a
-pace that seems astonishing. Last
year, microprocessor sales were
about $10 million. In five years'
time that figure should skyrocket to
$800 million.
Yet that kind of growth is not so
astonishing when you consider the
level of sophistication that has been
reached by the technology called
large-scale integration. As Larry
Altman, our Solid State Editor,
points out in his introduction to the
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special report, "programable LSI circuits—the calculator was the first—
combine the flexibility of custom
design with the cost advantages of
readily available standard products."
In our report on the blossoming
of the microprocessor, you'll find
sections on their application to industrial jobs (p. 83), communications (p. 88), consumer and commercial gear (p. 92), computers (p.
96), and instrumentation (p. 99).
Then, too, there's a section on software tips and design aids (p. 100).
And at the end of the special report,
we've included an interesting review
of the design advantages of microprocessor-based systems (p. 105),
authored by William Davidow,
manager of the microprocessor systems for Intel Corp.
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In covering the stimulating new developments in technology our editors
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If you want high voltage,
programmable power supplies
that don't depend on delicate
low voltage transistors
to stabilize high voltage,
look into
KEPCO
BHK
1-1uhrid pow er

supplies
that control voltage to 2000 volts
linearly and directly with rugged,
forgiving vacuum tubes!
B HK

power supplies are one of
several high voltage designs by
Kepco that combine modern l-C and
transistor small signal processing
o z
(for stability and accuracy)with hardvacuum, high-voltage pass tubes (for
e
a
reliability and linearity). The result is
a happy partnership with each part
of the power supply operating in a favorable environment.
BHK offer 0-500 volts at 0-400 milliamperes, 0-1000 volts at 0-200 milliamperes and 0-2000
volts at 0-100 milliamperes with multiturn voltage and current controls, full metering and
automatic crossover voltage/current mode lights.
Ask your Kepco man for details about the Kepco high voltage Hybrids. If you don't know
who he is, call (212) 461-7000 collect, or write Dept. AM -14 and we will be glad to direct
you to the most exciting power supplies on the scene.

•0

KEPCO.
KEPCO, INC. •131-38 SANFORD AVENUE •FLUSHING, N.Y. 11352 •(212) 461-7000 •TWX =710-582-2631 •Cable: KEPCOPOWER NEWYORK
Electronics/July 11, 1974
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Readers comment
Setting detector sensitivity

50 WATTS

25 WATTS

100 WATTS

Save 5 Ways with Abbott's
New 77% Efficient
Power Supplies!
Abbott has aHi-Efficiency series of power modules that can save 5ways in your system.
The Model "VN" series converts 47-440 Hz AC lines to regulated DC power and uses a
new approach in switching technology that provides ahighly reliable line of sixty-three
high efficiency power modules.

The Model "VN" series saves in the following 5 ways:
1 SAVES POWER — High frequency pulse width modulation and C/MOS digital IC
control circuitry allow efficiencies of up to 77% in the Model "VN" series. This high
efficiency realizes almost twice the output power per input watt than dissipative regulators.

9 SAVES

SIZE — Off line techniques and IC technology combine for packages of
- 70% less volume compared to dissipative regulators.

3SAVES

WEIGHT — High efficiency means less power dissipated and less heat
generated, thereby reducing or eliminating the need for bulky heat-sinking and
forced air cooling. This translates into less total weight and smaller system size.

A

SAVES TIME — You can quickly get the power supply you need because we have
- an extensive line of models to choose from. Outputs of 25, 50 and 100 watts are
available at any voltage between 4.7 and 50.0 VDC. With popular voltages in stock,
chances are the unit you need is available immediately.
SAVES MONEY — At only $257 for 25w, $274 for 50w, and $295 for 100w in
• small quantities, the "VN's" are among the lowest priced Hi-efficiency units on
the market.

Abbott also manufactures 3,500 other
models of power supplies with output
voltages from 2.7 to 740 VDC and output
currents from 4 milliamps to 20 amps.
They are all listed, with prices, in the
new Abbott Catalog Included are:

60 -ink=t- to DC
400

to DC

28 VDC to DC
28 VDC to 400 4%12-38 VDC to 60'j-

Please see pages 581-593 of your 1973-74 EEM (ELECTRONIC ENGINEERS MASTER Catalog)
for complete information on Abbott Modules.

Send for our new 60 page FREE catalog.

abbott

transistor

LABORATORIES,
sells•ral sul fires

5200 W.

Jefferson

(213) 936-8185

Blvd.

Los

INCORPORATED
canter» office

Angeles 90016

1224 Anderson Ave. 'Fort Lee, N.J. 07024

Telex: 69-1398

(201) 224-6900
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To the Editor: Regarding the product story on Innotech Corp.'s heterojunction photovoltaic detector,
[Electronics, May 2, p. 137], Ray
Pennoyer claims a sensitivity of 13
microamperes per milliwatt per
square centimeter at 7,500 angstroms and then states that this figure is 70% higher than the output
obtained from standard silicon
units. His sensitivity number, as
stated, equates to a quantum efficiency of 41%! UDT, Harshaw, RCA,
EG&G, etc., have verified quantum
efficiencies of 55% to 65% at this
wavelength.
In point of fact, the Innotech device is 30% lower in sensitivity at
7,500 À than "standard silicon
units." Mr. Pennoyer further claims
asensitivity of 8eimwsem2 at 5,000 g,
which equates to a quantum efficiency of 38%. He claims that "this
is three to four times the sensitivity
of apurely silicon detector." Again,
in point of fact, this quantum efficiency is afactor of two lower than
the published and verified quantum
efficiency of devices manufactured
by the aforementioned companies;
i.e., 70% typical quantum efficiency.
The higher quantum efficiency
obtained by most manufacturers at
5,000 Àcontradicts Pennoyer's statement that "in conventional photodetectors, these frequencies (blueviolet) are are absorbed before they
reach the electron-emitting pn junction.. .."
Using Pennoyer's own data to
correct his relative spectral response
curve to an absolute spectral response and comparing this absolute
curve for PIN photodiodes will show
the total spectral characteristics of
the Innotech device to be inferior to
those of the PIN photodiode. Based
on Pennoyer's sensitivity statements
and the absolute spectral response
curve, it is inconceivable that the Innotech device could outperform any
PIN silicon photodiode in the measurement of a 500-foot-candle
source.
Edward L. Danahy
EG&G Inc.
Salem, Mass.
Mr. Pennoyer replies: The article
did understate the response we obtain

13-5332
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TRW power Schottky SD-51

0.6V forward drop at 60 amps WITH aTi of 125°C
On our honor. This power Schottky was developed with improved barrier formation techniques
that make it possible to maintain 60 amp-0.6V
forward drop at aT; of 125°C.

of less than 10Ns in inverter circuits
If you're into low voltage, high current

We know there have been problems with
power Schottkys when the T; approached 100°C.

right on working at high temperatures!

This is simply not true with the TRW SD-51.
Even at 125°C, the SD-51 has a 35V reverse
leakage of 200mA, and a reverse recovery time

power supplies, you owe it to your design to test
TRW's SD-51. They're drop-in. And they keep
For proof, see your distributor or call (213)
679 -4561, TRW Power Semiconductors, an
Electronics Components Division of TRW, Inc.,
14520 Aviation Blvd., Lawndale, California 90260.

THE WORLDS BIGGEST
"LITTLE BLACK BOX"
Inn

MWPOVVER SEMICONDUCTORS
IS COMING you R WAY.

These products are available through the following authorized distributors:

Semiconductor Concepts Inc.

Almo Electronics

Electronics Marketing Corp.

Lake Engineering, Ltd.

Bell Industries

Elmar Electronics Inc.

Cramer Electronics Inc.

Liberty Electronics

Hall-Mark Electronics Corp.

R. V. Weatherford Co.

De Mambro Electronics

Pyttronic Industries Inc.

Harvey-Michigan Inc.

Westates Electronics Corp.

Rochester Radio

Wilshire Electronics
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Solid Tantalums for
Solid Performance
MOLDED, PLASTIC-ENCASED
ECONOLINErm TANTALEX® CAPACITORS

Type198D

Economically priced. Flame-retardant case has
flatted section and polarity indicator for easy-to-read
marking and error-free insertion. High volume
production-oriented design for efficient assembly.
Molded straight-wall case eliminates cracking as well
as soldering problems associated with epoxy rundown.

ASK FOR BULLETIN 3546

1
7

I

INFORMATION RETRIEVAL NUMBER 226

EPDXY-DIPPED TANTALEe CAPACITORS

Type196D

Low-cost capacitors that utilize high-quality tantalum
pellet construction. Dipped coating is hard insulating
resin highly resistant to moisture and mechanical
damage. Designed for printed circuit board
applications. Wide range of capacitance values with
voltage ratings from 4to 50 VDC.
ASK FOR BULLETIN 3545B
INFORMATION RETRIEVAL NUMBER 227

HERMETICALLY-SEALED METAL-ENCASED
TANTALEX' TUBULAR CAPACITORS

Type 150D

Polarized units offer high capacitance, long life, low leakage
current, low dissipation factor, and high stability. Also available
to Spec. MIL-C-39003 as CSR09, CSR13, and CSR23.

Type151D

Non-polarized capacitors with the same outstanding
characteristics as Type 150D units. Also available to Spec.
MIL-C-39003 as CSR91.
ASK FOR BULLETINS 3520G, 3520.2A, 3521B, 3521.7
INFORMATION RETRIEVAL NUMBER 228

MOLDED DOMINO

TANTALEXe CAPACITORS

Type193D

For hybrid circuit and low-profile printed circuit board
applications. Offer superior mechanical protection
as well as excellent stability in severe operating and
storage environments. Can be attached to substrates
or circuit boards by conventional methods.
ASK FOR BULLETIN 3532A
INFORMATION RETRIEVAL NUMBER 229

ULTRA-MINIATURE TANTALEX® CAPACITORS
FOR MINIATURE CIRCUITS
Types182D Cylindrical-shaped Type 182D and rectangular-

shaped Type 183D capacitors, ideal for subminiature

and 183D assemblies requiring the ultimate in component

density, offer high volumetric efficiency. Housed in
polyester-film sleeving with epoxy resin end seals,
ensuring excellent moisture resistance.

ASK FOR BULLETIN 3517

INFORMATION RETRIEVAL NUMBER 230

MINIATURE RED TOP' '
TANTALEX`' TUBULAR CAPACITORS

Type 162D

Capacitors in resin-sealed cases offer excellent stability. For
use on printed wiring boards, in packaged circuit modules, and
in applications where space is at apremium. Priced competitively
with axial lead molded case units. Available on reels, with taped
leads, for automatic machine insertion on PC boards.

ASK FOR BULLETIN 3536B

IF

INFORMATION RETRIEVAL NUMBER 231

For complete technical data on any of
these Sprague solid tantalum capacitor types, write for the applicable
Engineering Bulletin(s) to Technical
Literature Service, Sprague Electric
Company, 35 Marshall Street, Nodal
Adams, Mass. 01247.

SPRAGUE®
THE MARK OF RELIABILITY

Readers comment
in the visible range. Comparing our
units to the "best" available referred
to in Mr. Danahy's letter, we show
the following results.
In the red region, measured at 700
nanometers, our absolute response is
.46 A/W, about 25% higher. Our
PVDO9OF has a sensitivity of 22
/mW/cm 2 at this wavelength. In
the green region, measured at 550,
our response is .40 A/W, about 55%
higher. The PVDO9OF has a sensitivity of 18.8 j
uA/mw/cm 2 at this
wavelength.
In the blue region, measured at
450 nm, our response is .31 A/W,
which works out to be about 72%
higher. The PVDO9OF has a sensitivity of 14.5 µA Imw/ 2 at this
wavelength. In the violet region below
400 nm, the package itself affects the
response, but as it stands, the response could conceivably be 100%
higher.
All of this is available from a
single unit with a pricing structure
competitive to standard silicon units
so that the designer can really do
something with it. The data backing
up our statement has been given to
and reviewed with EG&G.
Calculating 10Y
To the Editor: Thank you for publishing David Rowland's collection
of short-cut polynomial approximations for computing logarithmic and
trigonometric functions on the fourfunction calculator [April 4, p. 145].
They are the answer to an engineer's prayer.
Although Rowland concluded
that there is no easy way to compute
10Y or its equivalent, the antilogarithm of y, an approach is implicit in his collection of methods.
Simply multiply the mantissa (fractional portion) of y by 2.303, converting it to a natural logarithm,
and then use his procedure for computing ex. Then point off decimal
places in the answer according to
the integer portion of y.
Incidentally, it should be made
clear that the final step in the ex
procedure, "square twice," means
"raise to the fourth power."
Peter W. Mitchell
Avco Everett Research Laboratory
Everett, Mass.
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you can see why...
THE PERFECT MAN-MACHINE LINK IN
YOUR APPLICATION.
THEc.E PANEL":
CAN . DTSPLAY NUMEROUS LANGUAGE,
WITH SIMPLE INTERFACE AND BRIGHT
CLEAR,
FFic:Y-TO-READ,
DOT - MATRIX
FORM CHARACTERc..AURILARLE WITH
16,
32A, 256 CHARACTER POSITIONS
AND. BURROUGHS' QUALITY.

a

SELF SCAPLANEL

is the best choice

SELF-SCAN panels are best because
they can provide alphanumeric display
of data — 16 to 256 characters per
message — for data entry, automatic
checkout
systems,
wherever man machine interface takes place.
SELF-SCAN panels are best because
they are brighter.
Burroughs technology makes possible sharp characters
with no fuzziness, no loss of focus, no
distortion, a 120-degree viewing angle,
and-readability up to 25 feet with minimum glare and reading fatigue.
SELF-SCAN panels are best because
they
are the most versatile selfcontained display panels commercially
available. A wide variety of character
generators offers 45 different displays,
includ ing
Cyrillic,
Hebrew
and
Katakana alphabets as well as standard
ASCII code.

SELF-SCAN panels are best because
they can be packaged in less than 1/2"
depth and are less costly than CRT's
with comparable message capability.
The cost per light-emitting dot will
amaze you.
Want to see SELF-SCAN panels
in operation?
Write the Electronic
Components Division, P. O. Box 1226,
Plainfield, New Jersey 07061, or call
(201) 757-3400 or (714) 835-7335 for
ademonstration.

SELF-SCAN

PANEL

You can see the difference

Burroughs
Circle 9 on reader service card

Two more
F
RF
R
O's you
can get.

When these beauties were added to our two 64 x 4-bit FIFO's—the 2841
and 3341—an incredible event occurred.
Advanced Micro Devices became the world's leading supplier of FIFO's!

The Am2812 and
Am2812A.
A 32 x 8-bit, TTL-compatible
FIFO designed specifically
for use in data transmission
line or any other serial-toparallel or parallel-to-serial
applications.
Very fast. Very versatile.
Immediately available.
Another MOS Mainstream
part from Advanced Micro
Devices, the next giant.

New FIFO #1:
The Am2812A FIFO
Organization
Guaranteed Dota Rate
Maximum Ripple Through Time
Input Method
Output Method
Half-Full Flag
MIL-STD-883
Specs Guaranteed Over Temperature Range
Military Temperature Devices Available
Immediate Delivery
Port of Growing Family of FIFO's

32 x8-bits
1.0 Megahertz*
8Microseconds
Serial and Parallel
Serial and Parallel
Yes
Yes
Yes
Yes
Yes
Yes

*The Am2812 offers a guaranteed data rote of 500 Kilohertz.

New FIFO #2:
The Am2813 and
Am2813A.
A 32 x 9-bit, TTL-compatible
FIFO designed specifically
for use in IBM-compatible
terminal or any other
parallel-to-parallel
applications.
Also very fast. Also very
versatile. Also immediately
available.
Yet another MOS
Mainstream part from
Advanced Micro Devices,
the next giant.

The Am2813A FIFO
Organization
Guaranteed Dato Rote
Maximum Ripple Through Time
Input Method
Output Method
Half-Full Flag
MIL-STD-883
Specs Guaranteed Over Temperature Range
Military Temperature Devices Available
Immediate Delivery
Part of Growing Family of FIFO's

32 x9-bits
1.0 Megahertz*
8Microseconds
Parallel
Parallel
Yes
Yes
Yes
Yes
Yes
Yes

*The Am2813 offers o guaranteed data rate of 500 Kilohertz.

Advanced Micro Devices ri
Corporate offices are at 901 Thompson Place, Sunnyvale, California 94086. Telephone (408)
732-2400/Southern California office: Beverly Hills (213) 278-9700/Mid-America: Des Plaines,
Illinois (312) 297-4115/Edina, Minnesota (612) 835-4445/Eastern United States: Roslyn Heights,
New York (516) 484-4990/Baltimore, Maryland (301) 744-8233/Lexington, Massachusetts (617)
861-0606/Britain: Advanced Micro Devices, Telephone Maidstone 52004/West Germany:
Advanced Micro Devices, Munich, Telephone (089) 53 95 88. Southern Europe: Advanced Micro Devices,
S.A., Neuilly, France, Telephone: 747-4194. Distributed by Homilton/Avnet Cramer and Schweber
Electronics.
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(Board not released for photography.)

Diablo Systems Incorporated

Data Source

Econolite

A Xerox Company

11

MI igit
Page
•

UP:«
• " **

MIIM

4111011=g
.
lee
gm,

999

=

•
... ......

WM*

eib firm,
•

•

raid

.1-

irerrr

samaxa,
team

arm.

COMPUTER AUTOMATION'S
AUTOMATIC TESTER HAS
We've listed afew of our CAPABLE tester customers
simply to point out something obvious. Companies like these
don't buy sophisticated hardware just on the name.
Which is agood thing because how many people have
ever heard of the CAPABLE tester, anyway?
The fact is, you can't solve testing problems with a
name -big or otherwise. So these companies did just what
you would do. They looked at all the automatic board
testers available. And then they picked our CAPABLE.
The reason is faster board throughput. High-speed, high-volume
fault detection and isolation across the entire board range. From simple

.

(Board not released for photography.)
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ACROSS THE BOARD APPROVAL
to complex modules. Digitals to hybrids. With incredible ease of operation.
And here's the payoff. Actual in-use figures show that CAPABLE can
pay for itself in as little as 12 months. Even less in some cases.
If you're more interested in profits than prominence, we can help
you now. Later on we'll throw in abig reputation.
18651 Von Karman, Irvine, California 92664
Telephone (714) 833-8830
Industrial Products Division

Computer Automation, Inc.

Circle 13 on reader service card

People
Stern to expand
IEEE's role
If Arthur P. Stem, the official nominee, becomes president in 1975 of
the Institute of Electrical and Electronic Engineers, the organization is
going to get a lot more involved in
nontechnical activities. But Stem,
vice president and general manager
of the Magnavox Co. Advanced
Products division, Torrance, Calif.,
hopes that members and critics will
remember that the real goal is "to

Industry's
Best Delivery
On Every

MINIATURE
ROTARY
SWITCH
In Our Catalog
Call our hotline for prompt
service and delivery.
(201) 374-3311

RÇL

ELECTRONICS, Inc.
General Sales Office:
700 So. 21st Street
Irvington, N. J. 07111
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Next year IEEE presidential nominee Stern
will seek more nontechnical activities.

do something for our members—not
take a stand. Little would be
gained by standing on the street corner and shouting slogans."
Since aconstitutional amendment
late in 1972 permitted the IEEE to
undertake nontechnical efforts, the
institute has already become involved in several. These include
congressional lobbying for improved pension-plan legislation and
issuance of a recent report on the
needs of young engineers. Stem
feels such nontechnical activities
will expand substantially in the
coming years because "that's what
the membership wants." Among the
nontechnical activities Stem has in
mind are lobbying for legislation of
general importance to engineers, involvement in the ethics of the profession, and taking agreater interest
in young engineers.
Stem was born in Hungary 48
years ago and has degrees from the
Swiss Federal Institute of Technology in Zurich and Syracuse University. He attributes this desire for

change partly to the upheavals in
society: "Most of the problems in
our society today—and their solutions—are related to technology. The
engineer is aware of the central spot
in which he sits, but he feels that he
doesn't get recognition and compensation commensurate with his importance."
Stem doesn't see much of an interest in engineering unions, an
often-discussed topic, but thinks
that "portable" pension plans that
engineers can take with them as
they move from company to company will be demanded more and
more by the mobile engineering
profession. A fellow of the IEEE,
Stem has served as secretary, treasurer, and, most recently, as vice
president for regional activities of
the 170,000 member organization.
Assuming Stern is elected by the
membership, which seems highly
likely, he will serve only one year as
president, but he hopes to contribute something constructive in that
time: "I think the institute has atremendous challenge in giving direction to our new activities—while
maintaining our traditional technical activities—to achieve worthwhile
goals in areasonable fashion."

.
j.ist

Voiceprints move
into medicine
Voiceprint identification, the still
controversial method of identifying
a person by the unique audio-frequency characteristics of his speech,
has progressed far enough that its
inventor is now adapting the acousTelltale voice. Lawrence G. Kersta is taking
his voiceprints into the medical field.

Get the drop on
redrawing drudgery
Shortcuts with Kodagraph materials
can turn drafting hours into minutes.
Nobody likes to retrace awhole drawing
just because afew revisions are necessary.
You don't have to if you make asecond
original on Kodagraph wash-off film.
Simply wet-erase what you don't want—
using plain water and asoft eraser—draw
in the new details and the job is done.
If on the other hand, you're faced with
repetitive details, draw them once. And then
order as many Kodagraph film or paper
reproductions as you need. Cut them out,

tape down on drawing form, rephotograph
and you have anew original.
When you need to restore abattered, old
drawing, have areproduction made on
Kodagraph film. Stains virtually disappear.
Weak lines come back strong. And you end
up with acrisp, legible black-on-white print.

Get the details.
Write for information on how you can
reduce drafting time with photoreproduction techniques. Eastman Kodak Company,
Business Systems Markets Division,
Dept. DP778, Rochester, N.Y. 14650

Kodak products for engineering data systems.
Electronlcs/July 11 1974
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Kodak
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Pulse withstand
capacitors
¡or colour
WIMA FKP 1
Polypropylene film and extended
foil electrode capacitors
encapsulated in cast resin.
Self-healing properties.
Suitable for sharp-edged or
short rise time pulses in
thyristor deflection circuits.

WIMA MKC 10
Metallized polycarbonate capacitors. Particularly suitable for
stringent pulse and surge conditions. Low power factor at high
frequencies. Self-healing
properties. Plastic case design.

WIMA MKP 10
Metallized polypropylene
capacitors in plastic cases.
Self-healing properties. Suitable
for both high current and pulse
circuits owing to low dielectric
losses.
• Other special capacitors
in metal cases.
• One year successful field
experience in equipment by
leading manufacturers.
• Suitable for advanced solidstate equipment.
• For professional
electronics.

Write for our new catalogue.

WILHELM
WESTERMANN
Spezialfabrik
für Kondensatoren
D-68 Mannheim 1
Fed. Rep. of Germany
Augusta-Anlage 56
P.O. Box 2345
Tel.: (621) 40 80 12

16
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People
tic technique to medical diagnosis.
Lawrence G. Kersta visualized medical applications when he first developed the technique at Bell Laboratories in the early 1960s.
Kersta, working with Dr. Mortimer L. Schwartz, chief of cardiology
at Bronx Lebanon Hospital, New
York, aims at improving the acoustic diagnosis of a whole family of
heart malfunctions. The audio
"prints" are being used in conjunction with ultrasonic mapping techniques. Moreover, Kersta says, "the
acoustic method should also be explored for monitoring fetal heart
sounds, which are sometimes obscured by the mother's body sounds,
and for looking at gastrointestinal
sounds for ulcer conditions."
Supporting Kersta's medical
work, which is in its very early
stages, is Base Ten Systems Inc.,
Trenton, N.J., manufacturer of aerospace and aircraft telemetry. Base
Ten has taken over the production
and marketing of Kersta's system
for voice-identification applications.
Although a recent decision in
Federal District Court in Washington, D.C., ruled voiceprints as inadmissible as evidence [Electronics,
June 27, p. 53], the technology's legal record is good. "We've had admissibility in more than 75 trials,
with only four denials," Kersta
points out.
Despite his brainchild's progress
in law-enforcement circles, Kersta's
own road recently has been rocky.
His Voiceprint Laboratories, established the day he retired from Bell
Labs in 1966 at 58 after 39 years on
the research staff there, has been
through bankruptcy proceedings
twice. He salvaged the company the
first time by buying it back from
Farrington Manufacturing Co.
when that supplier of credit-card
readers and optical character-recognition gear folded in 1971. And last
year, Kersta, who looks 10 years
younger than his real age, went
bankrupt on his own.
"The technology was sound, and
widely accepted," Kersta says, "but
I'm a scientist and apparently a
business idiot. Base Ten, with no
apologies, is very much profit-oriented," he continues.
111
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The WJ-1250
Watkins-Johnson's newest microwave synthesizer covers 0.5 to 18 GHz
in six or fewer bands.
High performance, versatility and
reliability characterize the WJ-1250.
These qualities do not come easily in
microwave frequency synthesizers. But,
after many years of design advancement
and production experience, WatkinsJohnson Company offers them now in
the WJ-1250 ... at amoderate price, too!
The WJ-1250 provides both manual and
remotely programmable frequency
selection, with 1part in 10'/day longterm stability now standard. In addition,
it features power in excess of +10 dBm,
10 msec switching speed for any 100
MHz frequency step and guaranteed
phase noise below —90 dBc/Hz at
100 kHz from the carrier.

Frequency band changes are made
conveniently at the front panel through
the interchange of modular WJ-1251
Series RF sources. Multiple band
coverage is also available through the
use of double-band RF sources or a
multisource chassis.

equipment. Continuing development of
microwave systems, subsystems and
components has established at W-J a
high level of expertise and asignificant
inventory of design experience to solve
the most stringent synthesizer
requirements.

Standard options include leveled output
power, AM-FM-pulse modulation,
improved long-term stability and manual
vernier for fine tuning. Additional
features can be provided to meet unique
requirements.

If you're planning to attend AFCEA,
you can see the WJ-1250 in the
Watkins-Johnson suite at the SheratonPark Hotel. Otherwise, get the full story
on W-J's frequency synthesizer product
line and engineering capability by
contacting the Watkins-Johnson Field
Sales Office in your area or phoning
Charles Foster in Palo Alto at (415)
493-4141, ext. 218.

For applications where astandard
commercial synthesizer is not adequate,
Watkins-Johnson has the capability and
desire to supply customized microwave

wu

VVATKINS-JOHNSON

Watkins-Johnson—U.S.A.: 3333 Hillview Ave., Palo Alto, CA 94304 • (415) 493-4141 • TWX: 910-373-1253 • Telex: 34-8415 • Cable: WJPLA • 700 Quince Orchard
Rd., Gaithersburg, MD 20760 • (301) 948-7550 •TWX: 710-828-0546 • Telex: 89-8402 • Cable: WJCEI • United Kingdom: Shirley Ave., Windsor, Berkshire SL4 5JU.
England • Tel: Windsor 69241 • Cable WJUKW-WINDSOR • Telex: 847578 • West Germany: 8033 Planegg, Muenchenerstr. 17 • Tel: (089) 859-9441 • Cable:
WJDBM-Muenchen • Telex: 529401 • Italy: Piazza G. Marconi. 25 00144 Roma-EUR •Tel: 59 45 54 •Cable: WJROM-ROMA •Telex: 60117
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Industries'
largest
selection of
SCR Phase
Controlled
Power Supplies
CALL TOLL FREE 800-631-4298

40 years ago
From the pages of Electronics. July, 1934

A mobile printer for
police and aircraft radio
Two criticisms of present-day police
radio systems are the lack of secrecy, and the lack of a permanent
record to prove that the police car
for which the message was intended
actually received it. At ameeting of
the Radio Club of America, first
public disclosure of a simple automatic printer for this service was
made by W. H. G. Finch.
The device of particular interest
to police, or other mobile services, is
a printer weighing 8 pounds, operating from the 6-volt automobile car
battery, printing 35-40 words per
minute on atape. Thus the officer in
the car need not worry about local
audible interference; and his
memory need not be taxed or handicapped by other local circumstances. This device, when properly
actuated by the distant transmitter,
will print out the message from
headquarters and retain it as permanent proof that it was actually received in the car.
Teaching pilots 'blind flying'

E/M has expanded its former 2.5, 5.0 and 10.0 kw SCR Models to now include 27
new models with power ratings of 600w, 1200w and 2000 watts. All models are
0.1% regulated in both the voltage and current mode of operation with automatic
crossover. Remote programming and sensing are standard on all models as well as
forced air cooling and automatic over-temperature protection. The three lower power
ratings are all single phase input, while the three higher power ratings are all three
phase input. As expected, E/M has maintained its position of providing the highest
power output per mechanical volume in the industry for equipment of this type.
Front panel heights being 31
/ " on 600w, 51/
2
4 " on 1200w, 7" on 2000w and 2500w,
83
/ " on 5000w and 12 1
4
/ " on 10,000w models.
4

1200w

600w
Volts

Amps

$

2000w
Amps

Amps

5000w

2500w
Amps

$

600

2200

1400

500

2200

1300

250

1800

100

1300

200

1800

60

1300

125

1700

0-6
0-7.5

85

500

125

850

200

1000

300

1400

0-10

60

500

100

850

150

1000

250

0-20

30

425

50

750

90

900

125

0-30
0-40

16

425

30

750

50

900

0-50
0-60

11

8

425

20

750

35

900

425

14

750

25

900

10,000w
Amps

Amps

500

2700

250

2500

200

2700

100

2700

30

1300

60

1700

20

1300

40

1700

0-160

15

1300

30

1700

60

2500

0-250

10

1300

20

1800

40

2700

1600

10

2200

20

2700

0-80
0-100
0-120
0-150

0-300

4

2

425

7

750

13

900

450

3.5

850

6

1000

450

1.5

850

3

1000

5

25-500
10-600

SEE EEM VOL. 1.673-675 FOR ADDITIONAL PRODUCT INFORMATION

ELECTRONIC MEASUREMENTS INC.
405 ESSEX ROAD, NEPTUNE, NEW JERSEY 07753
Phone: (New Jersey) (201) 922-9300 • (Toll-Free) 800-631-4298

A radically new method of teaching "blind" flying and radio-beam
navigation now enables pilots to receive most of their training without
leaving the ground. This novel device is in use training U.S. Army air
mail pilots and others at Newark
Airport, and because of its success is
being adopted by the government
for use in various locations. It consists of adummy plane mounted on
a pedestal equipped with complete
blind flying instruments and radio,
and a remote instructor's unit for
the checking the student pilot in his
"flight" inside the hangar.
The pilot is strapped in his plane
in the usual manner and the cockpit
is entirely enclosed by means of a
hinged cover. By pressing a button
the instructor places the plane in
flight condition, and the pilot in the
plane, using only the standard plane
controls, must take off, "bank" and,
in fact, make a complete "flight,"
without leaving the ground. The inventor is E. A. Link, aformer manufacturer of player pianos.

Specialists in Power Conversion Equipment

18
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SIZZLE...OR...SWIZZLE
OUR CAPACITORS
CAN TAKE IT!!!

Were celebrating! TENSOR, the high-technology capacitor company,
has joined Gil Corporation ... which means that a much broader
market can now have 6 to 8 week delivery on the most stable glass-sealed
ceramic capacitors around. Take our type 0150 for instance, a
0.065-inch diameter by 0.150-inch long capacitor with a range of 100 pf to 22,000 pf at
25V in an environment ranging from --55 to
125'C (X7R characteristic).
TENSOR capacitors can take it because they're processed with some very unique
and proprietary techniques (patents pending). It took 24 years of combined
monolithic capacitor experience to come up with TENSOR's
advanced technology. So we're not really the new kids in town ...
For cold facts and hot delivery on the ultrastable, small-package capacitor that
can really take it, call TENSOR:
(714) 453-7262

GTI tensor electronics
A

SUBSIDIARY

OF

GTI

CORPORATION

11404 Sorrento Valley Road
San Diego, California 92121
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New low cost
power converters

Meetings
Summer Computer Simulation Conference, IEEE, Shamrock Hilton Hotel, Houston, Texas, July 24-26.
The Second Jerusalem Conference
on Information Technology, The Jerusalem Economic Conference and
its Computer Committee, Jerusalem, Israel, July 29-Aug. 1.
Congress, International Federation for Information Processing,
IFIP, Stockholm, Aug. 5-8.

IFIP

•

Computer Communications International Conference, IEEE, Stockholm, Sweden, Aug. 12-14.

for
portable
instrumentation

POWERCU6Ee

Powercube uhas now added high-reliability, low-cost DC to DC
Converters to our menu of off-the-shelf Cirkitblock "modules.
Like all Powercube products, our new DC-DC Converters offer great
flexibility in custom power module configurations with total output
power up to 15 watts. You can specify up to four isolated, regulated, short
circuit and overvoltage protected outputs and aDC-AC inverter input, all
in one encapsulated 2" x2" x1" package weighing six ounces at most!
These Cirkitblock modules are ideal for powering railroad signaling equipment, automotive testing systems, computer-controlled heavy
equipment, aircraft on-board electronic systems, oil and land surveying
equipment, and other portable instrumentation. Ruggedly constructed,
the modules assure unmatched reliability in hostile environments from
—20 to +85°C.
Powercube can dish up a wide range of Cirkitblock pre-regulators,
power generators, and output modules which offer the highest ratio of
power/control density to unit cost of any
Typical Powercube
micro-miniature power device. Outputs to
DC to DC Converter
meet your requirements available for all
15 Vat 1
4 amp'
/
standard battery input voltages, all for less
V at 1amp
200 V at 10-15 mA
than it would cost you to make them your11-14 V input'
selves. Request your free power module
'Other input/output voltages available
application handbook today.
Prices range from $75-$150 in small quantities.

p
20

PO\A/ERCUBE

CORPORATION

214 CALVARY STREET, WALTHAM, MASS. 02154 (617) 89 1-1 E130
SUBSIDIARY
OF
UNITRODE
CORPORATION
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National Electronics Conference of
New Zealand (Nelcon), New Zealand Section, IEEE, University of
Auckland, Auckland, Aug. 26-30.
Fifth Conference of the Canadian
Medical and Biological Engineering
Society, Queen Elizabeth Hotel,
Montreal, Sept. 3-6.
International Congress on Data Processing, AMK, Congress Hall, West
Berlin, Sept. 4-7.
International Switching Symposium
1974, VDE, Sheraton Hotel, Munich,
Sept. 9-13.
Compcon Fall, IEEE, Mayflower Hotel, Washington, D. C., Sept. 10-12.
Western Electronic Show and Convention (Wescon), IEEE, Los Angeles, Sept. 10-13.
Fourth European Microwave Conference, Microwave Exhibitions and
Publishers Ltd., Maison des Congrès, Montreux, Switzerland, Sept.
10-13.
European Solid State Devices Res.
Conference, Institute of Physics,
IEEE, University of Nottingham,
England, Sept. 16-19.
International Conference on the
Technology and Applications of
Charge Coupled Devices, University
of Edinburgh, Centre for Industrial
Consultancy and Liaison, et al.,
Edinburgh. Sept. 25-27.
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Three new Jermyn logic checkers

Our original Jermyn Logic
1. TTL. For positive logic TTL or
Checker was such aresounding
DTL ICs, up to 16 pins, Vcc between
success that we've now brought
+4.5V and +5.5V.
out awhole new range, with an
2. HTL For positive logic HTL ICs,
even better basic design.
up to 16 pins, Vcc between +11V
The contact mechanism is
and +18V.
better, to give afirm grip on the 3. CMOS. Sensitive microamp version
IC at all board angles.
for CMOS devices up to 16 pins, Vcc
The internal circuitry is better. between +8V
The viewing screen is better,
and +18V.
divided into 16 segments to make
pin identification nice and easy.
And the body is stronger, in
high-impact glass-filled nylon.
There are three versions.

If you've ever tried aJermyn
logic checker, you'll know ¡ust
how useful it is.
If you haven't yet, you're in
for atreat.
Just clip it over the logic IC,
and it shows you the state of each
pin, instantly, on a16 LED display.
Lamp on = logic state 1.
(Or open circuit, or Vcc supply,
or unused pin.)
Lamp off = Idgic state 0.
(Or ground.)
It doesn't matter which way
round you clip it, because the
checker locates the supply pins,
takes its own power from them
(very little, actually) and then
checks the other pins.

With alittle practice, you'll
soon be able to check ten or
more ICs aminute.
Compare that with fiddling
about with probes and aCRO.
Price TTL $85, HTL $120,
and CMOS $165. Plus 75c post
and packing.
Please add California Sales
tax where appropriate.
Orders in today, we post
today. Or ask for the leaflet.

Jermyn
712 Montgomery Street
San Francisco CA94111
Telephone (415)362-7431
or East Coast (914)634-6151

And it doesn't matter where
you clip it, on devices with less
Also at Sevenoaks (U.K) (0732) 50144,
than 16 pins (8 or 14 for example). Paris 744 29-71, Munich (089)39 88 01
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75450A Dual Peripheral Driver
75450 Dual Peripheral Driver
75451A Dual Peripheral AND Driver
75451 Dual Peripheral AND Driver
75452 Dual Peripheral NAND Driver
75453 Dual Peripheral OR Driver
75454 Dual Peripheral NOR Driver

8T18 High Voltage to TTL Translator
8T80/90 Interface Buffers
54/7406 Hex TTL to High Voltage Buffer
54/7407 Hex TTL to High Voltage Buffer
54/7416 Hex TTL to High Voltage Buffer
54 '7417 Hex TTL to High Voltage Buffer
54/7426 Quad 2 NAND TTL to High Voltage
Gate/Buffer
1017 Dual TTL to ECL Translator
1039 Quad ECL to TTL Translator
10124 Quad 711 to ECL Translator
10125 Quad ECL to TTL Translator
10190 Quad MST to ECL Translator
10191 Quad ECL to MST Translator

8109 Quad Tri-State Driver
8T10 Quad Tri-State D-Latch
8713 Dual Party Line Driver
8714 Triple Line Receiver
8115 Dual Communications
Line Driver
8116 Dual Communications
Line Receiver
8723 Dual IBM Party Line
Driver
8T24 Triple IBM Line
Receiver

11511,[:?
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521 Dual Ultra High Speed
Comparator
522 Dual Ultra High Speed
Comparator
526 High Speed Comparator
527 High Speed Comparator
529 High Speed Comparator
A710 Differential Voltage
Comparator
pA711 Dual Voltage Comparator

For alogical look at interface problems, consider Signetics. Interface
devices in depth. Priced to move. Moving in carloads.
Beyond our host of industry standard interface circuits, Signetics'
own family of dual high speed comparators is light years ahead.
They've smashed the barriers of speed vs. input parameter tradeoffs
and packed high speed TTL gates with aprecision linear amplifier on a
single monolithic chip. Our full spectrum of interface circuits covers
A/D conversion, memory sensing, optical data coupling and ECL/TTL
combinations with elegant solutions to awhole gamut of interface
problems.
Signetics finds solutions to problems before others will even
tackle them. Like our 8T23-8T24 combination
for IBM channel-to-control interface, or the
8T26 which cuts out abunch of circuitry in
high speed, bi-directional, tri-state bus transceivers. Within the 8T family, there are
built-in latches, tri-state outputs,
built-in hysteresis—a slew of
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8T26 Quad Tri-State Transceiver
8730 Dual Transceiver/ MOS
Port Controller
8T34 Quad Bus Transceiver
8T37 Hex Line Receiver
8T38 Quad Bus Transceiver
8793/94 Hex Bus Receiver
8T95/96/97/98 Hex Tri-State Driver
8T380 Quad Line Receiver
10114 Triple Differential Line Receiver
10115 Quad Differential Line Receiver
10116 Triple Differential Line Receiver
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(BECAUSE OF THE TREE).
10129 Quad Bus Receiver (w Latch)•
10192 Bus Driver
10216 Triple Differential Line Receiver
54/7438 Quad Bus Driver
54/7439 Quad Bus Driver
54/74124 Quad Tri-State Driver
54/74125 Quad Tri-State Driver
54/74128 Line Driver
54/74S40 Dual 4 NAND Buffer/Line Driver
54/74S140 Dual 4 NAND Buffer/Line Driver
78/8820 Dual Line Receiver
78/8830 Dual Line Driver

8751 5 mA Source LED Decoder Driver
8T59 50 mA Source LED Decoder Driver
8774 20 mA Sink (w Latch) LED Decoder Driver
8775 20 mA Source (w Latch) LED Decoder Driver
54/7445 BCD to Decimal Decoder/Driver
54/74145 BCD to Decimal Decoder/ Driver
8880 Sperry Display Decoder/Driver

8725 Dual MOS Sense Amplifier/Latch
3207A Quad MOS Clock Driver
3207A-1 Quad MOS Clock Driver

7520
7521
7522
7523
7524
7525

Dual
Dual
Dual
Dual
Dual
Dual

Core
Core
Core
Core
Core
Core

Memory Sense Amplifier
Memory Sense Amplifier
Memory Sense Amplifier
Memory Sense Amplifier
Memory Sense Amplifier
Memory Sense Amplifier

501 Video Amplifier
592 Video Amplifier
1,A733 Differential Video Amplifier

555 Timer
556 Dual Timer
8720 Bi -Directional One Shot
8722A/9601 Retriggerable One Shot
81363 Dual Zero-Crossing Detector
9602 Dual Retriggerable One Shot
54/7413 Dual Schmidt Trigger
54'7414 Hex Schmidt Trigger
5474121 One Shot
54/74122 Retriggerable One Shct
54 '74123 Dual Retriggerable One Shot
5474132 Quad 2 NAND Schmid: Trigger
54/74232 Quad 2 NOR Schmidt Trigger

wed'i

dam busting solutions for simpler, more reliable systems. Low
current PNP inputs give greater design freedom and you can
interface with any data source—TTL, memories and MOS microprocessors. It's all spelled out in our information package.
Whatever you're interfacing, you can
CLIP THIS COUPON AND ATTACH TO LETTERHEAD 0OR FAST ACTION
count on Signetics. Before you accept a
Signetics-Interface
tradeoff in design, or in price or in delivery,
P O. Box 3004-33
give us acall.We're specialists in solving
Menlo Park, California 94025
problems and if we haven't hit yours
No more out on alimb for me Send me your new interface
yet, we'd sure like to try.
information package
Name

Title

Mail Stop
SIgnencs Corporation a subsIebary of Corning Glass Works 811E Argues Ave. Sunnyvale
Ca 94088 (408) 739)7700
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Resistor networks:
we deliver through thick a

Seventeen years of film resistor experience combined with
quality production capabilities give you prompt solutions to your
network needs. Whether you require precision thin film or semiprecision thick film in prototype or mass production quantities. Thin
film in chip, conformal coat, flat pack and DIP. Thick film in standard
14 and 16 pin DI Ps with resistor or resistor/capacitor configurations.
Popular pull-ups and terminators off-the-shelf. Contact your local
A-B sales office or write for our 5800 series publications. AllenBradley Electronics Division, 1201 South Second Street, Milwaukee,
WI 53204. International Division, Milwaukee, WI 53204. Canada:
Allen-Bradley Canada Limited, Cambridge, Ontario. United Kingdom:
Allen-Bradley Electronics, Limited, Jarrow, County Durham NE32 3EN

SELECTED SPECIFICATIONS
Thin Film

Thick Film

TCR

±-10
-

TCR tracking

±-5 porn/ 0C

±50

Absolute
tolerance

as low as ±
- .01%

as low as ±1.0%

to ±-25 ppmPC

±-100 and ±250 ppm/°C
and ±:100 porn/ 0C

Matching or
ratio tolerance as low as ±.005%

as low as ±
- 2.0%

Resistance
range

10 ohms to 1 Meg

1K to 10 Megs
(special 10 ohms
to 50 Megs)

If you're really serious about cost, be serious about quality.

C
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Milwaukee WIsconsin 53204
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Electronics newsletter
TI getting close Reports persist that Texas Instruments will unveil two products—a mito 11_ watch
croprocessor and acircuit for aline of digital watches—using i
nt
egra t
ed
,
injection logic. Both product areas are well suited for implementation
microprocessor.
with injection logic—the processor because 1
2L combines some of the
speed of TTL with higher packaging density and lower power dissipation than MOs, and for watches, the technology offers the chance for
high-speed circuits (4 megahertz and up), which are smaller and need
smaller crystals than do equivalent mOs circuits. Also, PL. has high current outputs capable of driving LED displays directly, something mOS
can't do.
. . .with products
2 to 6 months away

Hamilton to offer
women's Pulsar
digital watch

M OS finds way
into tone keyer
for telephones

Electronics/July 11. 1974

While TI isn't talking either way, some say those industry-first Pi- products are only two to three months away—but don't be surprised if they
don't appear until the end of the year. Nor will the company comment
on any of its processor-design parameters, but PL technology should be
capable of achieving 100- to 200-nanosecond cycle times (compared to
2-microsecond n-channel speeds) in an 8-, 12-, or 16-bit parallel processing format with alarge (greater than 75) instruction set.
Ti's reluctance to discuss its high-performance microprocessor plans
may be related to its major position in TTL. A device such as abipolar
processor would surely eat into the market for standard TTL, especially
for faster minicomputers and general-purpose machines, not to mention
data-communications and process-control applications.

The electronic watch market could really open this fall with introduction of the first women's digital watch. To be announced by Hamilton's
Time Computer division, maker of the Pulsar LED watch, the new
timepiece also will have aLED display and will sell for $250 and up.
The new watch will have about half the surface area of the men's Pulsar. It is this need to radically reduce size that has kept manufacturers
from turning out awomen's watch, but all that president John Bergey
will say about the new Hamilton entry is that it was made possible by
smaller components and changes in design and packaging.

Suggesting amassive new market for mos in telephones, engineers at
Mostek Corp. are developing a telephone tone-keying module that
could shave about half the cost from its electromechanical counterpart,
the firm estimates. Instead of two coils with four windings each—which
must be burned-in and tuned by hand—the Mostek approach uses an
inexpensive, off-chip 3.58-megahertz crystal for reference, and divides
down to obtain the audio frequencies standardized by the industry. On
the chip, an op amp performs current-to-voltage conversion, as well as
summing the two sine waves to get the tone pairs used. But besides the
tone generator, the single c-mOS chip contains all the switching functions handled by the dual-contact, sliding-matrix keyboard now used,
allowing touch pads of the calculator one-contact-per-key type.
Despite the high frequency, the chip will operate at voltages down to
3v, and it boasts alow-impedance buffer capable of driving telephone
lines. Samples will be available this year, with production in 1975.
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IBM replaces

The domestic-satellite business has become a whole new ball game

Comsat's partners

with the entry of IBM. The computer giant has replaced cash-hungry
Lockheed Aircraft and MCI Communications as partners of Comsat
General in CIv1L Satellite Corp. The deal involves payment of about
$5 million for the one-third shares of Lockheed and MCI—$3.2 million
from IBM, the rest from Comsat. Initially, the new company will be
owned 55% by IBM, 45% by Comsat General. The purchase is subject
to FCC approval.

in satellite firm

Navy seeking
solar plant

Datacom may add
minicomputers

Japanese develop
multico
thermal
py
printing paper

Eger leads list
of OTP candidates
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A 100-megawatt electrical-power plant driven by solar energy has been
proposed by the Naval Research Laboratory. The plant might be located
in the southwestern U.S. The NRL says it will accept proposals over the
next six months and is emphasizing methods to hold down costs.

Datacom International, an overseas representative with aunique
difference—it buys equipment then resells it—is considering adding additional data products to its line, including a minicomputer. Datacom
handles all marketing, export, and customer support, permitting a
small- to medium-size firm to have an instant overseas operation with
TRW appearing to be alarge OEM.
Datacom, which has exclusive rights to sell Datapoint terminals
overseas—it's been responsible for about half of that company's sales—
has also recently added TRW Data Systems' small terminals and those
made by the newly acquired Financial Data Systems subsidiary. Additionally, Datacom has new offices in Brazil, ajoint venture in Australia,
and has added to sales and service facilities in Switzerland and Canada.
TRW

Thermal paper that prints in duplicate—and in color—has been developed by Japan's Jujo Paper Co. in cooperation with the Musashino
Electrical Communication Laboratory of Nippon Telegraph and Telephone Public Corp. and Oki Electric Manufacturing Co. Jujo, which
calls the new paper Thermal Multi, says it expects to develop thermal
paper that prints in triplicate. The new paper uses the same basic thermal printing technology as conventional papers—two ingredients fused
by heat. The company, which has been licensed by NCR Corp. to make
single-sheet heat-sensitive paper, has applied for patents on the improvements that make duplicate printing possible.
The price of the duplicate printing paper is about 10% more than two
sheets of conventional paper of the same length. The paper can be used
in much of the equipment now on the market, although the power of the
printing head probably will have to be increased by about 20%. Colors
available include black, blue, and red.

The leading candidate to succeed Clay T. Whitehead later this summer
as director of the White House Office of Telecommunications Policy is
John M. Eger. He was just sworn in to fill the long-standing vacancy as
Whitehead's deputy. A 34-year-old attorney, Eger has been an assistant
to Dean Burch, former chairman of the Federal Communications
Commission and now special counsel to the President. Eger also is an
alumnus of the Bell System, having spent five years with Illinois Bell.
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Fast enough
for the fastes
transistors.
Unitrode ESP Power Rectifiers to 150V give you the switching speeds you
need for today's high performance power supplies: reverse recovery times as
low as 15ns and very fast forward recoveries with low overshoot voltages.
Forward voltage drops are as low as 0.8V at 20A.
Unitrode's ESP Power Rectifiers make your power supplies more efficient.
There's less power dissipation ... even in the highest speed switching
application. With fewer heat problems you can simplify heat sinking and
increase package density and reliability.

Unitrode ESP Rectifiers.

In fact, only Unitrode Power Rectifiers have the Efficiency, Speed and Power
you need to design high current, high frequency power supplies with low
diode losses. That's why we call them ESP rectifiers.
Three discrete Series now available as 1N5802 through 1N5816. You can
also order them as high efficiency assemblies, center tap rectifiers, bridges,
or higher current modules. Send for our latest ESP literature. Or for faster
action, call Fred Swymer collect at (617) 926-0404.

Type

Maximum
NonAverage Repetitive
D.C.
Sinusoidal
Output
Surge
Current
(8.3ms)

PIV

Maximum
Forward
Voltage
Drop
V@ A

Leakage Maximum
Current Reverse
@ Ply Recovery
25° C
Time
M

Package

V

A

A

na

1N5802
945803
1N5804
1N5805
1N5806

50
75
100
125
150

2.5

35

0.875 @ 1

1

25

Axial leaded

1N5807
1N5808
1N5809
1N5810
1N5811

50
75
100
125
150

6

125

0.875 @ 4

5

30

Axial leaded

1N5812
1N5813
1N5814
1N5815
1N5816

50
75
100
125
150

20

250

0.900 @ 10

10

35

Stud-mount
004

See Electronic BuyeriGuide Semiconductors Section for more complete product listing.
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PLEASANT

STREET.

WATERTOWN.

MA

02172
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ethem
way
Or any new way.
Then sit back and watch your Ise display electronics get your ideas across. Beautifully.
In an eye-easy fluorescent green glow.
At the same time, they're low on voltage and
current drain.
High on stability.
Pick the readouts that offer more of everything,
including variety, for a whole host of digital
display ideas.
They're adifference you can see.

you're thinking readouts
get into
the Ise frame of mind.

DPEOA
2 DP90A
3 0G19E
4 DG12H
5 DGIOF1
6 DG BF
7 DP 89A
DP122F
9 01AGL12H (NEW)

Display module w/counter & latch
• Fluorescent green glow
•12-pm connector
•Three performance perfect models
•Custom ROM prograrnmaag wIth other
than BCD and seven segment output

Creator of Fluorescent Digetal Dospl..
The Brighter Side of

Electronics
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ISE ELECTRONICS COR re
ISE INTERNATIONAL COR r.
ISE CORP. OF AMERICA

P0 Box 46 Ise cri. Mro Prof Japan
Tel (05963)5 2121 Telex :4969523

1.1

7. Higashi Shinbashi. !Amato ku. Tokyo. Japan
433 6616-9 Telex J26546 Cables "ISEWORLDREP TOKYO

Ottot

1472 West 178th Street. Gardena. Calif 90248 USA
rel: (2131532 0470 Telex 230674910
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Electronics review
SIgndlcantde,elopments,lec'nologyand buirie

Japanese develop
nondestructive analog
semiconductor memory
single memory cell directly becomes
an analog memory that stores signal
voltages—over the range of 0 to 4
volts, for example. Precision is
within 0.25% ±
2 millivolts initially,
with adecay on the order of 0.5% to
1% per day. However, there are indications that storage life can be
increased by several orders of magnitude by improvements in fabrication technology.
Structure. The basic memory device is aburied-gate n-channel mos
field-effect transistor. A floating gate

source to drain under control of the
stored charge. And since the current
flow does not affect the stored
team stores data
charge, readout is nondestructive.
The addition of a controller using
in aburied-gate
feedback-circuit techniques turns
of n-channel MOSFET
this device into a practical analog
memory. The memory includes a
A semiconductor memory that stores
constant-current power supply for
analog, rather than digital, data has
writing, acomparator for comparing
been developed at a Japanese govwrite and read voltages, and a
ernment research laboratory.
square-wave generator, as well as
Among the applications envisioned
switching circuits to facilitate writfor the memory are adaptive control
ing. Erasure requires the addition of
systems, transwitches and of
sient recorders,
a low-voltage
and zero-offset
power supply.
compensation
The Japanese
when the device
device can be
is included on
considered an
the same ic chip
improved version
of the
as an
operational ampliFamos structure
fier. These apdesigned to be
plications then
electrically alterable [Elecneed no analogtronics, May 10,
to-digital con1971, p. 9I].
version, digital
memory, and
Since it is a digconversion back
ital memory,
to analog form
there is no need
that some systo store a very
tems require. Architecture. When the V„,ite voltage being measured exceeds the stored Vread voltage, the
precise charge
However, ad- comparator-run square-wave generator causes stored voltage to increase in steps.
on the buried
vanced developgate
— just
ments are usually not pursued by of polycrystalline silicon is buried in enough so that the device is heavily
the Japanese government's re- the silicon-diode gate insulation,
biased on—for adequate discriminasearch-oriented Electrotechnical and asecond gate of aluminum cov- tion from other cells that are not
Laboratory, where the device was ers both the buried gate and the charged.
Other types of mos devices are
developed. Head of the team is channel. Silicon-diode insulating
Yasuo Tarui, who first reported layers—between the buried gate and capable of operation in a linear
Schottky rn devices and the diffu- the channel and between the second mode, but linear operation of
sion self-aligned transistor, also gate and the buried gate— are 50 to Famos-like devices is not easy be100 nanometers thick.
cause the gate potential cannot be
called D-MOS. Yutaka Hayashi is responsible for most of the work on
Information is stored as acharge either easily controlled or measured.
the analog memory.
on the buried gate, and readout is However, the Japanese engineers
In the device, the equivalent of a obtained by current flow from solved that problem by utilizing

Government laboratory
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Afloat By utilizing avalanche breakdown to
inject holes or electrons, device offers control of charge on floating gate.

afeedback arrangement in the control circuit of the device.
Operation. The memory's read
output is normally connected to one
input of the comparator, and the
other input accepts a write voltage.
When the read output is zero and
the write input has some value
greater than zero, the comparator
generates an output signal that
turns on the square-wave generator.
Period of the square wave is about
1.5 milliseconds.
On the first half-cycle of squarewave output, switching circuits both
disconnect the read output from the
comparator and switch the memorytransistor's drain from an operating
power supply to a more powerful
constant-current avalanche supply.
During the period, asmall charge is
transferred to the memory-transistor's buried gate by avalanche
breakdown at the drain. Transfer of

charge is limited by the short time
that avalanche current flows.
During the second square-wave
half-cycle, the switching circuits are
restored to their normal positions,
and comparison is again performed.
The write cycle is repeated 50 or so
times until the read output equals
the write input. Then, the squarewave generator is no longer enabled
by the comparator, and the memory
exhibits the stored analog voltage at
its read terminal.
The comparator has two functions. It turns on the oscillator when
there is a difference between read
and write voltages. And it tapers
down the avalanche current as the
difference between read and write
voltages becomes smaller.
Device current is converted to
output voltage by an enhancementtype MOSFET load having geometry
similar to the memory element and
fabricated on the same chip. Voltage across the load is proportional
to the square root of the memory
current, resulting in amemory voltage linearly proportional to stored
charge. The use of aload cancels errors from temperature changes.
Erasure is performed by opening
the source connection of the
memory element and, at the same
time, applying positive voltages to
gate two and the drain. This causes
ahigh-field region at the surface of
the p-diffusion, which in turn causes
avalanche breakdown that injects
high-energy electrons into the floating gate and erases the memory. D

Military electronics

Cylindrical phased-array antenna
scans 360 degrees electronically
The great attractions of electronically scanned antenna arrays are
that they remain stationary and
have no moving or rotating parts.
But because these antennas are generally built in a single plane, it's
hard to obtain the all-around, 360°
of coverage of even the simplest rotating antenna.
Motorola's Government Electron-
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les division, however, has come up
with aunique solution to the problem of a stationary antenna with
360° coverage—it has built an electronically scanned array in the
shape of a cylinder. The result, for
an airborne drone-control system, is
a much simpler and more compact
antenna installation than if one had
used arotating dish or apair of ar-

rays placed back to back.
Five feet high and eight feet, 8
inches in diameter, the scanned cylindrical antenna fits into aseven-fthigh, 13-ft-wide, and 20-ft-long radome. In an operational system, the
radome would be mounted atop a
14-ft pylon on aC-130 aircraft. The
only moving parts of the antenna
are for stabilization of its platform;
the beam can be switched from any
direction to any other in less than
100 microseconds under digital and
rf control.
The antenna is being developed
by the Scottsdale, Ariz., division under contract to the Naval Air Systems Command. A partial breadboard is being tested now, and the
antenna is to be completed early in
1975. The first use could be for a
system to control target drones by
late 1975.
Drone application. The antenna is
part of the AN/ASW-35 drone control system, an airborne version of
the Motorola AN/TSW-10 groundbased drone-control complex. The
cylindrical antenna replaces the
eight-ft dish of the ground version.
The ground antenna has better azimuth accuracy—less than 1milliradian vs 4—largely because of the
limitations of the airborne inertial
guidance system used for heading
reference. Range accuracy for both
is 65 yards. Range to the drone is
150 nautical miles; as a relay, the
airborne system could extend the
range of a ground station to 400
miles. Transmitter output is 250
watts.
The antenna is not a phased-array in the conventional sense. Instead of relying on ferrite or diode
phase shifters, which change the
phase of energy applied to individual antenna radiating elements, and
hence change its direction, the new
antenna uses an electronic "lens"
that maintains the proper phase
relationships.
The lens—a flat, 52-inch-diameter
cylinder concentric with the larger
cylinder supporting the antenna elements—controls the microwave
power going to the radiators. It does
this through acomplex arrangement
of probes, to which the transmitter
power is fed under the direction of
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Round array. Scanning lens at center controls energy radiated by Motorola's partly built
phased-array antenna. One set of horizontal radiators (in middle) is flanked by dummies.

high-power diode switches. These
switches permit the antenna beam
to scan or jump around as in other
types of phased arrays. Coaxial cables carry power from the probes to
each radiating element. Altogether,
the system has 1,024 diode switches,
each capable of handling 700 watts
at 5gigahertz.
The antenna has 216 radiating
elements, each 30 in. high and consisting of 20 1.5-inch-square flat
spiral antennas, arranged .20 high
and one wide on the surface of the
cylinder. Only 108 probes are in the
system, but, by switching, they serve
radiating elements on opposite sides
of the structure. The probe spacings
are chosen so that when the probes
are energized, a flat wavefront is
propagated.
Hurdles. All 20 segments of a
radiating element may be selected
for long range or only six for shorter
range, but wider elevation coverage.
All of the switches, controlled by
a minicomputer, are single-pole,
double-throw devices. If each lens
probe were selected in turn, 216 distinct directions would be possible.
Motorola, however, uses proportional excitation of two adjacent
probes to provide fine adjustment.
Aside from its complexity, alimitation in the antenna is a relatively
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low 24-decibels gain predicted for
its aperture, caused partly by losses
in the switching system.

Solid State

Germans escalate
C-MOS density
For all their advantages, complementary-mos circuits have one
shortcoming: they need more area
than other mos technologies. This
drawback is attacked in a new cir-

cuit
concept—Dycmos—developed
at Valvo GmbH, the German components-producing subsidiary of
Philips Gloeilampenfabrieken. Says
Martin Kalthoff, head of the Valvo
lab concerned with numerical-information engineering, "Preliminary
estimates indicate that, compared
with c-mos, asavings of at least 30%
can be obtained."
This saving in area with
Dycmos—which stands for dynamic
c-mos—is achieved in two ways: by
reducing the number of circuit elements needed for particular functions and by using a system layout
in which a smaller area is taken up
by the interconnections.
To change the output state in an
ordinary c-mos NAND gate, two
transistors are needed for each input, or 10 transistors for afive-input
gate. Each input is connected to pchannel devices connected in parallel between the voltage supply and
the output and to n-channel transistors connected in series between the
output line and ground.
Parts savings. The Dycmos NAND
gate, on the other hand, can do with
only one transistor per input—the
series-connected n-channel unit—
plus two charge-reversing transistors
that are connected in series with the
n-channel devices. One, ap-channel
unit, is connected between the
power supply and the output line.
The other, an n-channel device,
goes between the input transistors
and ground. Finally, parasitic capacitance between elements in the
structure is harnessed and used as if

Ground rules. The saving in chip real estate with Valvo's Dycmos technique even shows up
in simple NAND gate, which requires five transistors, compared with six in standard C-MOS.

OUTPUT
A
A

C-MOS NAND GATE

DYCMOS NAND GATE
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0 there were acapacitor between the
4
'output line and ground.
The gates of the two charge-reversing transistors are connected together, and if the clock input is connected to these gates and is at the 0
level, the parasitic capacitance is
charged up via the p-channel transistor, giving a 1at the output. During the readout phase, when the
clock is at 1, the output goes to 0
only if all inputs are at 1. In any
other case, the output of the circuit
stays at 1.
Adder. The savings in elements is
even more pronounced in such complex circuits as an adder. For example, 12-input c-mos version has
24 transistors, but the Dycmos
equivalent can do with only 14. Kalthoff says that similar componentssaving techniques following roughly
the same Valvo idea have been developed elsewhere, too—for example
in c2mos that Japan's Toshiba is
working on.
But what distinguishes Dycmos
from other concepts is its special in,terconnection scheme. In Dycmos, a
'distinct division is made between
the memory and switching functions. The memory elements are laid
out in one row, with the switching
elements arranged below that row
in amatrix configuration. In this array, all switching transistors are
placed for the best fit with the wiring scheme. In other words, the
switching transistors are added after
the interconnection grid is laid out,
and distinct gate circuits in the new
scheme can no longer be recognized
as such.
More savings. This interconnection technique yields asaving
of up to 50% in the area occupied by
wiring alone. As arule, the greater a
circuit's wiring complexity, the more
beneficial will be the switch from
conventional connection techniques,
Kalthoff points out. The new
method is most effective in complex
circuits, such as random-logic devices.
Using the concept, the Valvo engineers have already built some labe oratory-type register-counters and
programable logic arrays. Kalthoff
expects commercial Dycmos devices
will be available next year. They'll
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most likely be custom-designed circuits for use in complex digital systems.
D

RCA begins making
fast memories
Corp. is moving briskly into the
high-speed computer-memory market. The move underlines the division's general expansion mood—
from linear and industrial digitallogic products into the high-performance mainstream of computer
components.
In its biggest digital-product expansion since pioneering the complementary-mos market five years
ago, RCA is introducing three highperformance RAMs—the 7001, the
popular, fast 1,024-bit RAM, and two
c-mos-on-sapphire RAMs of 256 and
1,024 bits. The technology for the
7001 was acquired from Advanced
Memory Systems in a stock deal.
RCA has already announced an 8-bit
two-chip c-mos microprocessor
[Electronics, Feb. 21, p. 25].
Orders. Bernard V. Vonderschmitt, vice president and general
manager of the Solid State division,
says RCA is already taking orders for
the 7001. The company, which is
packaging the 7001s from AMS dice
at its present IC-production facilities, will shortly move its production of all data-processing components—memories and microprocessors—to the site of its former
Computer division in Palm Beach
Park, Fla. There it will use the basic
AMS process to manufacture 7001s,
as well as its proprietary sapphirebased memories, scheduled for introduction by the end of the year.
In addition to the stock deal—
RCA bought $2 million worth—AMS
and RCA have signed a three-year,
$750,000 agreement to exchange
memory and microprocessor technology. AMS is making available its
memory developments in exchange
for RCA's c-mos-on-sapphire technology, which includes the new line
of RAMs. In effect, this gives both
companies automatic second-source
capability on all memory and proRCA

cessor products developed in the
next three years.
Competitor. Indeed, the 7001 and
the sapphire-based RAMS are intended to compete with today's
bipolars. The 256-bit static C-moson-sapphire part will have an access
time of less than 50 nanoseconds,
while the 1,024-bit static device can
be accessed in less than 100 ns. In
addition, RCA is developing its own
version of low-power Schottky TTL
for computer applications.
The division is also planning soon
to open a manufacturing plant in
Brazil, both to serve the growing
South American market and act as
an offshore IC feeder for its U.S. and
other markets. General manager of
the Brazil operation, called RCA
Electronica, will be William A. Glaser, formerly director of the thyristor and rectifier departments at
Solid-State in Somerville, N.J.
RCA is reported also to be evaluating production sites in Europe.
All told, the Solid State division
hopes to increase its sales by more
than 40% this year, Vonderschmitt
says.

Transportation

BART is upgrading
computer controls
The fix is going in for the San Francisco Bay Area Rapid Transit system. BART's control network may finally become reliable enough for
completely automated operation of
trains over the 75 miles of track in
the mass-transit system. And there's
hope that trains at last may be
allowed to travel on the idle tracks
under San Francisco Bay. State officials have forbidden operation
through the bay tunnel because of
the complexity of the track-merging
system that trains must negotiate,
and they doubt the capability of the
control system to prevent disaster
there.
Computer hardware and software
will both have key roles in upgrading the system. The two Westinghouse Electric Corp. Prodac 250
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Digital Timing Measurement

The Easy

Digital timing measurement
with improved resolution, 1%
accuracy, increased freedom
from error, faster operation,
and greater operator convenience. The new TEKTRONIX
DM43 with its unique direct
numerical readout of time intervals adds all of these advantages
to the field proven 465 and 475
oscilloscopes. What's more the
DM43 includes precision digital meter capabilities as well.
The DM43.is also available
in the new 466 and 464 Fast
Storage Portable Oscilloscopes.
The DM43 provides adirect
numerical readout of the time
between any two points on the
oscilloscope screen selected
by the delay time position control.
31
/
2 digit resolution and the 1%
accuracy of the DM43/oscilloscope combination provide

For demonstration circle 32 on Reader Service Card

convenient measurement of
critical digital system timing in
field servicing, in production,
and in the design lab. Speed of
measurement, freedom from
error, and operator convenience are all improved since no
dial readings or mental calculations are needed to arrive at a
final reading.

With all of its added features the
DM43/Oscilloscope combination is priced only $475 above
the price of the oscilloscope
alone. A second model, the
DM40, has all of the features of
the DM43 except temperature
measurement for only $390.
To find out more about this
unique innovation in portable
instrumentation, contact your
local Tektronix Field Engineer
or write Tektronix, Inc.,
P.O. Box 500, Beaverton,
Oregon 97005. In Europe write
Tektronix, Ltd., P.O. Box 36.
St. Peters Port,
Guernsey, Cl., U.K.

Dc voltage measurement with
an accuracy of 0.1% from 0to
1200 V, resistance measurement within 0.75% over the
range 0to 20 M u, and the convenience of temperature
measurement with aprobe
over the range —55°C to
+125°C add still more to the
versatility of the DM43. In
field servicing, in production, and in design laboratory
TEKTRONIX
applications the DM43/Portcornnnned to
technical excellence
able Oscilloscope combination provides the capability to
meet almost any measurement
need, and it's all in one compact
package which can easily be
carried wherever tests must
be made.
For information circle 33 on Reader Service Card
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Control center. Entire transportation complex of Bay Area Rapid Transit District shows up on display at headquarters in Oakland. This is
the nerve center of the automatic train-control system that was designed by Westinghouse Electric and is presently being augmented.

computers, used for train-monitoring and sequencing chores, were
reprogramed last month at BART
headquarters in Oakland. Its new
Computer Augmented Block System (CABS) backs up the original
$36 million control system, designed
by Westinghouse Electric.
BART officials hope that CABS will
enable them to phase out the circa19th-century control system required by the California Public Utilities Commission—flagmen at each
station to keep trains at least two
stations apart. The PUC, disturbed at
the beginning by test results, ordered flagmen even before the system began operating in September
1972.
With CABS in place, BART will
request permission from the utilities
commission to reduce the two-station train separation, or headway, to
only one station. This will considerably speed up service by reducing
headway from 10 minutes to five.
Hardware, too. A new hardware
system, Sequential Occupancy Release (soR), is expected to reduce
that all-important headway to 3/
2
1
minutes. This is still more than
double the 11
/-minute headway
2
promised originally by Westinghouse. But it is, apparently, what
BART will settle for. The processor
system will ensure that one train has
actually passed from one block to
the next before allowing the next
train to proceed. And the system
will remember where each train is.
It won't be fooled if atrain-location
signal fails because of circuit trouble
or dirt buildup on the track, which
carries the control signals.
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"Once a train is detected in a
block," says David S. Cochran, one
of the two Hewlett-Packard Co. engineers called in to help BART get its
system running properly, "the logic
latches or locks the block behind it."
This precludes the possibility of a
rear-end collision if loss of detection
occurs. The block is then unlocked,
and the train progresses down the
track, once the train ahead is
checked out by the processors.
BART has already installed the
SOR system at two of the 26 stations
tnat will eventually have them.
(There are 34 stations in all.) SOR is
controlled by a pair of Computer
Automation Inc. Alpha LSI digital
processors to provide redundancy.
BART has been plagued with
trouble since it began operation.
The situation hit an all-time low in
October 1972, when atrain went off
the end of the track in Fremont,
Calif. Since then, an attendant rides
alongside the brake in the front of
each train. Fortunately, the cause of
this accident was not the automated
system. Rather, it was afaulty crystal-oscillator circuit that misinterpreted a command to stop, but instead accelerated the train.

Government electronics

NOAA seeks funds
for tornado net
Tornadoes whirling into the midwest in April caused widespread destruction, but timely warning by the

National Oceanics and Atmospheric
Administration's "weather wire"
service prevented the deaths from
being numbered in thousands.
So successful do NOAA officials regard the fm weather-warning transmitting system that they have sent a
$20 million supplemental appropriation request to the White House
Office of Management and Budget
that would allow, in part, the net to
be expanded to 300 transmitters
blanketing the entire nation.
Gerald D. Petersen, NOAA director of meteorological and hydrological services, called the expansion
of the transmitter system one of the
most important recommendations to
come out of the agency's study of
operations during the tornado
strikes. It will cost about $5 million.
NOAA said thousands of persons
would have been killed this spring if
the existing warning net of weather
radar and 64 fm transmitters had
not been operating. The death toll
reached 329.
Priorities. Other principal recommendations in the NOAA report include aone-year acceleration in radar procurement for the agency's
national and local networks. In addition, there will be asimilar speedup in NOAA'S conversion of its network of teleprinter links for local radio and TV broadcasters to a highspeed digital system.
The report recommends accelerating long-range radar buys so that
24-hour-a-day surveillance of the
entire country can be attained by
1975. The first contract for 56 longrange radar units for anational network was awarded to Enterprise
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MONO-GLASS...
AJEWEL
OF ACAPACITOR
END SLUGS

LEAD
\
11
7\

GLASS SLEEVE
U.S. Capacitor Corp. has done something elegant for high volume capacitor users ...MONO-GLASS.
This glass encapsulated monolithic
ceramic capacitor offers something
special: for the Design Engineer
looking for cost reduction and dependability; for the purchasing agent
looking for low price with fast delivery; for the incoming Q.C. inspector
who is looking for reliability.

CHIP CAPACITOR

DURABILITY:

RELIABILITY:
uscc is the proven leader in state-

Our hermetically sealed, glass-tometal construction offers these advantages: solderless internal contacts
that won't reflow in your wavesoldering process; no glass fracturing
during lead forming—stress is transferred to the end slugs rather than
the glass sleeve.

of-the-art, demonstrated on N.A.S.A.
life support and guidance systems.
Commercial as well as military aerospace applications benefit from the
high reliability features of our products—the best available.
MONO-GLASS is our lowest priced
ceramic axial lead capacitor, offering
a new quality capability for communications, navigation and guidance, computer business machines
or anywhere that high volume, low
price is required.

HIGH VOLUME; LOW PRICE
USCC's production capability for
chip capacitors is second to none.
MONO-GLASS is produced by a
simple assembly technique. Combine
these two and you get the best possible delivery for high quantity requirements, at abudget price.

AUTOMATIC INSERTION:

WIDE SELECTION:

If you use it, you know the substantial savings in time and cost.
MONO-GLASS is designed for automatic insertion with the same
equipment used for diodes and resistors. Reel packed and ready for
your machines.

Four case sizes are available ...
.200 x 100; .250 x .100; .300 x
.150 and .400 x.150. The 50 and
100 WVDC units offer up to .01
mfd in COG dielectric, to .18 in
X7R and up to 1.0 mfd in the Y5V
dielectric.

USCC/Centralab
Electronics Division •Globe-Union. Inc

Write or call for an evaluation sample, more technical data or applications help for your special requirements. Remember, USCC-Centralab.

!II

MOM fflIlt

2151 North Lincoln Street •Burbank, California 91504
(213) 843-4222 •TWX: 910-498-2222
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Electronics, Enterprise, Ala., in
June. Each unit will cost about
$100,000, NOAA said. Approximately 67 local weather radar units,
at $50,000 each, also will be installed by the Alabama company by
1977 rather than 1978, if the report's
recommendations are approved by
OMB and Congres.
NOAA's
proposed
telecommunicatiol is plan also should be
accelerated, the report recommends—the $35 million digital system should be completed in 1979
rather than 1980. NOAA has not yet
issued a request for proposals on
this new communications system.
Tone-alert. The fm radio network
operates 24 hours a day at 162.55
and 162.4 kilohertz and has a"tone
alert" that signals before an emergency weather prediction is broadcast. The NOAA report recommends
that receivers, available for under
$30 at commercial electronics dealers, should be placed in schools,
hospitals, and local government
buildings to give early warning of
impending storms.
Although sources say OMB is unlikely to send the entire $20 million
proposal to Congress—NOAA's total
1975 budget request was $49 million—they expect OMB to approve
the appropriation request for the expanded radio network. It had not
been part of NOAA's 1975 budget
request, but was part of NOAA's
long-range plans, Petersen said.
El

System prints out
courtroom notes
The price is almost right for acomputer-based transcription system
that can translate acourt reporter's
stenotype notes into a printed
record of courtroom proceedings.
Last summer, when NCSC first
opened bids for proposed systems,
they were priced at least 20% higher
than manual-transcription methods
[Electronics, Aug. 30, 1973, p. 49].
Manual methods cost about $1 per
page, while five companies had bid
from $1.25 to $2.50 per automatically printed transcript page.
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Helping to drive costs up were
variations in court reporters' styles,
which called for more complicated
programs than had been previously
available, says Michael Greenwood
of the nonprofit National Center for
State Courts, headquartered in Denver. But by designing more limited,
though still flexible, software packages, NCSC has been able to negotiate
the bid prices down; however Greenwood still won't say how much the
reduction is.
What's more, to gam operating experience, as well as to help promote
the technology, NCSC is helping to
fund the installation of one of the
first such systems in the Common
Pleas Court in Philadelphia.
At least three additional systems
will be installed elsewhere, with
funding support expected from the
Law Enforcement Assistance Administration. NCSC will advise the
courts on the installation—at least
10 municipal courts are said to be
interested—and help evaluate the
systems' performance.
Feasible. A computerized transcription system is technically feasible for "perhaps every courtroom
in the country," points out Greenwood. So far, however, the systems
have been too expensive. But he predicts that they will become competitive with manual systems in two
to four years, once development
costs, particularly of software, have
been amortized.
The Philadelphia system will be a
fairly large one. It will serve 15 to 20
court reporters and have acomputer
system able to produce more than
100,000 pages of transcript annually, Greenwood says. Other systems to be installed under Ncsc's
guidance will accommodate only
two or three court reporters and
won't have the computer-print-out
capability planned for the Philadelphia system.
Editing. The transcription system
uses magnetic-tape cartridges or
cassettes to take down the symbols
struck by acourt reporter as he operates his stenotype machine. These
symbols are then decoded in aminicomputer-based system and displayed on cathode-ray tubes, where
an operator can correct the com-

puter translations of the notes.
"Since each reporter has adifferent
style, someone must make corrections before the print-out can be
made," explains Greenwood.
For alarge in-house system, such
as the one planned for Philadelphia,
a minicomputer might feed the
coded transcript notes into a larger
machine, and abank of CRTs would
be used for correction of reporters'
notes. The total cost of the hardware
needed for the Philadelphia prototype will be less than $250,000,
Greenwood says.
Industry sources say that other
potential applications for the systems include transcripts of corporate
meetings and legislative hearings in
all branches of government.
Five companies originally bid for
the NCSC system, including Stenocomp, Inc., Bethesda, Md., Stentran
Systems Co., Vienna, Va., and
Stenographic Machines Inc., Skokie,

Communications

Transceiver sends
voice and data
It will be many years before the volume of digital data transmitted
through telecommunications lines
even approaches the amount of
voice traffic. But, preparing for the
future, scientists at consultant Arthur D. Little have designed a microwave-radio system that uses relatively inexpensive hardware to
transmit both voice and digital data.
The result is a pulse-code-modulated, time-division-multiplexed
digital microwave transceiver prototype that ADL says could be built
for less than $5,000. The company is
seeking licensees to manufacture it.
ADL estimates the transceiver could
be manufactured for approximately
half the price of digital or analog
transceivers. It was built mainly
with off-the-shelf components, and
Arthur H. Solomon, astaff member
at the Cambridge, Mass. company,
says that it can be manufactured in
volume in hybrid form on printed-
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You know what kind of
Function Generator you need.
day

'AM I
F31 $295

So does INTERSTATE.

Mi.

Our comprehensive Series 30 includes afunction generator with your
special requirements — PLUS more capability and time-saving features
to give you a better price/performance value than any competitive
model. Capabilities like: 3MHz frequency range; clean sine, square, triangle,
sweep, adjustable d-c. and variable width pulse waveforms; and trigger, gate.
tone burst, and sweep operating modes. Time-saving features such as a
well-organized front panel, our direct-reading Sweep Limit Control, and an
unbeatable Instruction Manual.
The $495 Comparison" lets YOU be the Judge.

AM

F32 $345

MIL

cialumrd

F33 $395
11•11

You can find out exactly how INTERSTATE outperforms acompetitor
like Wavetek. Check the number below to receive the "$495 Comparison:
Interstate F34, Wavetek 134 Function Generators" and a new Specifier Guide
that outlines cost and capability right down both model lines.
Our function generator will perform better than you expect,

F34 $495

or we'll take it back.
Purchase an INTERSTATE function generator and use it for 15 days.
If you're not totally satisfied. return it to us for afull refund of the purchase
price — no explanations necessary.
Take us up on our offer. (USA ONLY) Call John Norburg, collect, at 714/772-2811.

F35 $595

\I V/

EEC

INTERSTATE
ELECTRONICS
CORPORATION Subsidiary of A-T-0 Inc.

BIM
F36 $645

U.S. HEADQUARTERS: Dept. 7000, Box 3117, Anaheim, CA. 92803: OVERSEAS SALES OFFICES: AUSTRALIA, Parameters Pty., Ltd.: AUSTRIA, lng Otto Folger: BELGIUM-LUXEMBOURG, Regulation•Mesure S.P.R.L.: FINLAND, Havulinna Oy: FRANCE, Tekelec Airtronic, S.A
ITALY, Tekelec Airtronic: ISRAEL, Radat International Company Ltd.: JAPAN, Asahi 8. Co., Ltd.: NETHERLANDS, Tekelec Airtronic, N.V.: NEW ZEALAND, David J. Reid, Ltd.: REPUBLIC OF CHINA, Bons International Co., Ltd.: SPAIN, Telco, S.L.: SOUTH AFRICA, S'electronics (Pty Limited)
SWEDEN, M. Stenhardt AB.: SWITZERLAND, Traco Trading Co., Ltd.: UNITED KINGDOM, Euro Electronic Instruments, Ltd.: WEST GERMANY, Tekelec Airtronic GMBH: CANADA, Radionics, Ltd.
TWX U.S.A. 910.591-1197
TELEX U.S.A. 655443 & 655419
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SIEMENS

Cost-Effective Solutions to
Semiconductor Test Problems

GENERAL PURPOSE IC TESTER
COMPUTEST 716A
Low-cost parametric and
functional tester for digital
and linear circuits

DIGITAL CIRCUIT TESTERS
COMPUTEST 720 SERIES
Provides complete DC parametric
and functional verification of digital ICS

LINEAR CIRCUIT TESTER
COMPUTEST 735
Tests operational amplifiers,
regulators, comparators, sense
amplifiers and custom linear circuits

BENCH-TOP MEMORY TESTERS
COMPUTEST 901 SERIES
Provides real-time verification of
semiconductor memory performance
from the device to the
complete memory systems level

FOR APPLICATIONS ASSISTANCE
CALL US!

Send for the Computest catalog of Semiconductor Test
Equipment and our Semiconductor Program Library
NAME
COMPANY
ADDRESS
CITY

'

STATE

7 1P

Siemens Corporation

Electronic Systems Division
Computest Products

3Computer Drive. Cherry HilL N.J. 0800216091
Circle 82 on reader service card

424-2400
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Combination. Arthur D. Little's digital-and-voice microwave transceiver uses a proprietary modulator, which produces 3 phases corresponding to the Bell System three-level T-carrier, and a demodulator, which reproduces the information from the phase-modulated signal.

circuit-board
production
lines.
The prototype system uses a private microwave frequency band at
12 gigahertz, but the transceiver
could be designed for common-carrier bands operating at 11 or 18 to
23 -GHz. Channel bandwidth of the
12 -GHz system is 20 megahertz. The
maximum data rate of 10 megabits
per second is the equivalent of 150
single Pcm-encoded voice channels,
or 300 cross-polarized channels, and
the bit-error rate is a maximum of
10 -8 .The system has a useful range
of approximately 10 miles, and it is
designed for direct connection to a
small parabolic dish antenna.
Design goals. At the outset, ADL
assumed that most future digital microwave equipment would operate
at bit rates corresponding to those of
the Bell System's three-level T-carrier equipment for cable transmission of digitized voice traffic.
There are two T-carrier transmission rates—T-I at 1.544 megabits
per second and T-2 at 6.33 Mb/s.
The ADL transceiver accepts PCM
signals conforming to the three-level
T-carrier signal pattern.
However, most digital micro-
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wave-radio modulation formats
have two, four, or more signal levels, which requires adigital encoder
to translate the three-level T-carrier
signal to a modulating signal. And
the receiver needs a clock to synchronize and a decoder to sample
the demodulated signal at the rate
the bits are transmitted.
ADL was able to shave the cost of
modulation-demodulation by using
an inexpensive proprietary transmitter-modulator, made with standard Schottky mixer diodes, to
produce three phases directly corresponding to the three amplitude
states of the T-carrier signals.
And the receiver contains a proprietary synchronous phase-lockedloop demodulator to reproduce the
three amplitude states directly from
the phase-modulated signal. By
transmitting a replica of the T-carrier signal, ADL eliminates the need
for a preset timing circuit and decoder in the receiver.
Transparent. Using three-level
modulation makes the transceiver
completely "transparent- to the bit
rate; the system can transmit and
receive at any clock-rate between

4,800 b/s and 10 Mb/s. Conventional systems can transmit and receive at only one clock rate.
The system can transmit signals
from T-1 and T-2 datasets, as well
as nonstandard signals at higher or
lower rates from a time-division
multiplexer. Most conventional
analog microwave radios use frequency-division multiplexing, which
requires an expensive bandpass filter in each channel of the multiplexer. With TDM, there is no need
to separate the signal by frequency,
thus disposing of the need for narrowband filters, which lowers system
cost still further.
D

Trade

Puzzlement follows
Soviet delegation
A USSR trade delegation visiting
U.S. electronics companies during
the first two weeks of July had everybody involved walking on eggs.
Not only did State and Corn-
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INTERNATIONAL'S
MOE Crystal Oscillator
Elements provide acomplete
controlled signal source
from 6000 KHz to 60 MHz
The MOE series is designed
for direct plug-in to astandard dip
socket. The miniature oscillator
element is a complete source,
crystal controlled, in an
integrated circuit 14 pin dual-in line package with a height
of 1/2 inch.
Oscillators are grouped by
frequency and temperature
stability thus giving the user
aselection of the overall accuracy
desired. Operating voltage
3 vdc to 9 vdc.

TYPE

MOE-5
MOE-10
40

INTERNATI ONAL

CRYSTAL MFG. CO.. INC.
10 NO. LEE

•

OKLA. CITY, OKLA. 73102

CRYSTAL
RANGE

OVERALL
ACCURACY

25°C
TOLERANCE

6000KHz to 60MHz

+ .002%
—10° to +60°C

Zero
Trimmer

$35.00

6000KHz to 60MHz

+ .0005%
—10° to +60°C

Zero
Trimmer

$50.00
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merce department officials refuse
even to identify all of the companies
on the delegation's itinerary,
spokesmen at some of the companies were playing it cagey too.
They either denied they were to be
visited, or stressed that they didn't
know what the Russians wanted and
that the tour was undertaken at the
Russians' instigation.
Semiconductors. But it was clear
that the Russians seem particularly
interested in semiconductors. On
their very first day, they were at
RCA's
Solid State division,
Somerville, N.J. Also scheduled
were stops at ITT Semiconductor,
West Palm Beach, Fla., and Fairchild Camera & Instrument Corp.,
Mountain View. Calif. A visit to
General Instrument Corp., New
York, included discussions with
executives from the Microelectronics division, Hicksville, N.Y.
Still another on the visit list is
Rockwell International in Anaheim,
Calif., the location of that company's Microelectronics group.
Other organizations hosting the
Russians include RCA's Sarnoff Research Center, Princeton, N.J.; Control Data Corp., Minneapolis,
Minn.; and Hewlett-Packard Co.,
Palo Alto, Calif.
Puzzle. What the Russians really
have in mind, no one is saying. And
the Russians themselves are not
commenting. One source has it that
they might be interested in turn-key
semiconductor production plants to
be set up within the Soviet Union.
However, the visit is important to
the Russians, as can be measured by
the high rank of the delegation
members. The leader is V.G. Kolesnikov, vice minister of the Ministry of Electronic Industry. The
other members are Y.V. Stetchichin,
deputy director of the Import-Export department of the ministry, J.P.
Dokuchaev, chief of research of the
Semiconductor Research Institute,
and P.P. Goidenko, manager of a
large semiconductor plant.
But the secrecy of u.s. officials regarding the visit is puzzling. According to them, the Americans requested the visit originally and
wanted it secret. "We could not
publicize acommercial visit without
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D-LASAR is quick
to point out your faults.

UCC introduces D-LASAR, a
revolutionary new automated
test generator and response
analyzer for complex
sequential digital networks.
With amazing speed,
D-LASAR automatically
generates test patterns. Then
it analyzes responses to
produce complete fault
isolation data.
How fast is D-LASAR? Its
fault dictionary generation on
a200-IC circuit typically
takes one hour. Compare that
to the various conventional
fault simulation techniques,
which require hundreds of
hours of computer time to
achieve similar results.

D-LASAR detects 98% of all
faults in digital circuits of up
to 400 IC's. Faults are isolated
so precisely that resolution
is an excellent 1.2
replacements/fault. The
common "probing" method
is no longer needed.
The advanced D-LASAR
program is exclusively
available on the UCC network
via remote terminals.
D-LASAR, another example of
what the right people can
do with acomputer.
For details, call the Scientific
& Engineering Division,
(214) 741-5781. Ask for
Paul Newton. Or mail
this coupon.

D Please send me more information on D-LASAR.
Please have someone call me
Name
Title
Company
Address
City/State/Zip
Telephone
Mail to UCC, Scientific & Engineering Division,
P.O. Box 6171, Dallas, Texas 75222.

When you have the best people,
you have the best product

LICC

UNIVERSITY COMPUTING COMPANY
7200 Stemmons Freeway • P.O. Box 47911 •Dallas, Texas 75247
A Wyly Company
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Announcing new low-cost
monolithic ECL active
terminators.
The end.
Now, ECL interconnection
can be just about as easy as TTL.
Thanks to Fairchild's new
F10014 monolithic active ECL
terminators.
Each F10014 device provides ahandy monolithic package containing 14 terminators —
all useable over awide range
of impedance.
Of course, wherever carefully controlled impedances
are maintained, matched passive
resistor termination remains
technically preferable.
But where they aren't, our
inexpensive (70 per termination at the 100 quantity)
F10014 active terminators can
really come in handy.
How Fairchild's remarkable
new F10014 ECL active
terminator works.
Looking at our F10014
characteristic curve you can
see that the F10014 device
exhibits ahigh impedance when
the input signal is within normal
ECL operating levels. But as
soon as ringing or overshoot
appear, the impedance drops.
And the voltages are
clipped.
You can use the F10014 as
the only termination. Or, in
conjunction with passive termination as well.
42
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F10014 I-V CHARACTERISTICS
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Six key advantages.
Compared with diode clamps
or conventional passive termination packages available,
the new F10014 active terminator affords at least five or
six worthwhile advantages.
1. The F10014 costs less per
termination than other
packages or diode clamps
Comparative ECL
Termination Costs.
•e
•Çee
Packaged
Resistor
Networks

°
4 5'

10-12

Clamping
Diodes
F10014

14

55e)
5
5

.e.
oc•>°.
e

0.74-2.25

.074-0.19

1.00-2.00

1.00-2.00

.98

.07

-1.21-1.12 -1 03 -0.94 -0.85 -0.76

(see cost comparison table).
2. It has self-contained reference voltages. No external
components or -2V supply
required.
3. The F10014 can reduce your
total system cost. And it can
help you save money in other
ways. Like allowing you to use
more wire-wrap interconnects.
4. It uses low power—about 7.0
mW per termination.
5. The F10014 reduces design
time. It successfully terminates
the varying impedances to be
expected on wire-wrap boards
used in prototyping or with
design modifications.
6. The F10014 is compatible
with all ECL families. It avoids
heavy drain on ECL families
not rated for driving resistive
terminations.
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Electronics review
permission from the hosts," a State
official said.
More than competition is involved. Said a spokesman in the
Commerce department: "The companies feel there is awhole range of
opposition here to semiconductor

trade with the Russians. There is
concern that such components could
be used by the military, and that
American jobs, as well as technology, would be exported. The
companies fear abacklash of resentment if it is publicized."

News briefs

Where's the best
place to use it?
Fairchild's intriguing new
terminator is ideal for many
applications. For example:
1. Economical PC board-toboard interconnect.
2. Fast, convenient intraboard
design changes.
3. Breadboarding.
4. Extra "insurance:' (At just
pennies per termination, the
F10014 makes excellent sense
as alow-cost backup to conventional passive termination.)
Where to get it.
The F10014 active terminator is now available in full
production quantities.
The F10014 is just one of
more than 40 Fairchild FlOK
ECL circuits available.
For complete design information, talk with your friendly
Fairchild Distributor or Representative. Or write for your
copy of our new ECL Designers
Handbook today.
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Ti's new patent covers many miniature calculators
Texas Instruments, a leader in the hand-held calculator market, has been
issued apatent that covers a large part of the field. "It is abasic patent and
not restricted to any specific model or configuration," says aTI official. The
patent is for "a miniature, battery-operated calculator with keyboard and
display, with its main electronic circuitry in a single semiconductor-circuit
array," as in the popular one-chip models.
First filed in September 1967, the patent application describes a fourfunction calculator, measuring 4% by 6Ye by 13
/ inches, with an 18-button
4
keyboard and a 12-digit thermal printer display—apparently aforerunner of
the Canon Pocketronic, designed and built by TI. The firm intends soon to
make licenses on the patent generally available to the industry. Bowmar,
which received a patent, last December on a one-chip calculator, says its
lawyers are investigating the development, while Rockwell International, another calculator manufacturer, says it is interested in the development but
cannot comment because the company has not yet seen the TI patent.
Motorola Semiconductor pulls out of WEMA
"We're hoping they'll come back," says a spokesman at WEMA, referring
to the pullout of Motorola Semiconductor Products division from the Palo
Alto, Calif.-based association of electronics manufacturers. Motorola, in
Phoenix, left because it felt that WEMA was too "West coast-oriented," said
a spokesman. Particularly galling to Motorola was the formation of a semiconductor group without its being consulted.
Sylvania Service deception uncovered
An investigation by a northern New Jersey newspaper, the Bergen Record,
charges that the Sylvania Service Corp., a subsidiary of GTE Sylvania, is
engaged in unethical and deceptive Tv-repair practices. Using the same
color-Tv set, the newspaper found, for example, that a repairman responding to a Sylvania Service Corp. call replaced tubes he had installed in his
first stop, and another repairman urged that a set go to the shop for awire
replacement that could be accomplished in the home. A spokesman for Sylvania says the company is disturbed by the allegations and is launching its
own investigation.
RCA's Hittinger adds new post
William C. Hittinger, RCA's Consumer and Solid State Electronics division
executive vice president, has taken on the additional post of general manager of the company's Electronic Components group, primarily a manufacturer of electron tubes. At the same time, Roy H. Pollock will take over in a
newly created post as vice president and general manager of the Consumer
Electronics division in Indianapolis. He will report to Hittinger. Former head
of Electronic Components, executive vice president John B. Farese will
now handle special assignments for RCA president Anthony L. Conrad.
Comsat, Solarex settle dispute
Communications Satellite Corp., Washington, has agreed to license Solarex
Corp., Rockville, Md., to make and market high efficiency "violet" solar
cells. This settles a civil action brought by Comsat early this year to prohibit Solarex from making the cell. With a grant from The National Science
Foundation, Solarex is trying to increase the cell's efficiency at converting
light energy into electric power from 18% to 20%.

Semiconductor Components Group. Fairchild Camera
& Instruments Corp.. -1(s4 Ellis St.. Mountain View. CA 94410.
Telephone 1.4151 962-501I.TW X: 910-179-6435.
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THE
QUIET
ONE

So reliable you
never hear from it.
Not only aquiet running
printer, but aprinter that keeps
running in the field. That saves
service calls... and adds up to
satisfied customers. Makes your
business system look smart. And
more profitable.
No matter how hard you drive
the Tally printer, you'll be hard
pressed to break it. That's why
we're confident in giving aone year
warranty on our mechanism. Without any duty cycle limitations.
Reliability isn't the only reason
why users prefer Tally. There's
much more. It's adata processing
printer. For print runs measured
in hours rather than minutes.
Multiple copies. 200 lines per
minute. 132 columns. 64 character set. Straight line print registration. Numerous options.
Numerous interfaces.
Write or call Tally Corporation,
8301 South 180th Street, Kent,
Washington 98031.
Phone (206) 251-5647.

TALLY*

News update

German videophone
I It made sense. Since West Gerfails to ring
many is not due to get public
videophone service until 1980, why not start producing instruments now for the nonpublic market and reap the benefits of being
ready when the big market opens? That's what Siemens AG figured it would do [Aug. 30, p. 53] But it failed to reckon with federal communications authorities, who limited bandwidth availability and set high fees. The result: if acustomer wants a set, he
may buy one, Siemens says, but sales thus far are hardly worth
mentioning.
Mitrix finding niche
I Remember the wired city? The
in computer nets
idea is still around, but nobody
has started stringing wire yet. The result is that systems associated
with that heady concept are finding uses elsewhere. One example
is Mitre Corp.'s Mitrix, a full-duplex digital-communications interface for cable TV [Aug. 30, 1973, p. 29]. Originally thought of as a
way to add versatility to a wired city's CATV, it's now being
pitched for a role in computer networking. Mitre has received two
contracts; the latest is from the University of Vermont hospital for a
three-phase program of design, help in bidding for equipment,
and installation and testing. Now Mitre plans to invest upwards of
$250,000 in further development of computer-network technology
and to make an in-house demonstration of Mitrix.
FAA still working on
It's going to be awhile before your
voice-response gear. . . I friendly airliner captain will hear
voices telling him where to go. That is another way of saying that
the FAA, not known for rushing pell-mell into change, is still developing a computer-controlled system for giving spoken advisory
messages to pilots. The agency's National Aviation Facilities Experimental Center near Atlantic City, N.J., last year began testing
Sperry Univac's fully digital response unit [Aug. 30, 1973, p. 32]
because the FAA wants to automatically warn aircraft about other
nearby planes, as well as fixed obstacles.
. . .as Univac proceeds I Sperry Univac, however, has dewith own R&D cash
cided to do some experimenting
of its own while waiting to find out what the FAA decides. Using inhouse R&D funds, the St. Paul company ran a test at the Minneapolis-St. Paul airport. Completed last month, the month-long
experiment used a voice-response unit like the one delivered to
Atlantic City to give pilots on the local control frequency acontinually updated wind check. Results are encouraging. Now Univac
says that the National Weather Service is interested in a similar
system for commercial, navigation, and flight-service weather
broadcasts.
Low-cost probe
I The low-cost meter for radiation
to be ready soon
hazards, developed by General
Microwave Corp. [Aug. 30, 1973, p. 38], is going into production.
Deliveries will start by late summer, says president Sherman Rinkel. In addition to a $475 wideband model (300 megahertz to 18
gigahertz) aimed at military and industrial users, there will be a
$200 unit designed to detect radiation from microwave ovens.
Also due in late 1974 is an isotropic probe with wideband sensitivity for detecting radiated power without regard for the orientation of the source. Its price, $750, is described by Rinkel as
about half that of present comparable units.
—Howard Wolff
Intended to bring Electronics readers up to date on news stories of the past months

The Line Printer
For The Long Run.
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Six things
our salesmen are
doing to ease the
energy crisis.

"¡ill,

li
ke

We know we can't
eliminate wire and cable supply
shortages overnight.
But everyone at Brand-Rex is committed to providing the best service we can — not least of all our
salesmen.
Here are afew things they're doing to help — with an
assist from our Marketing people.
1. Working closely with customers to project annual
needs so we can make long-range commitments with
our vendors. That gives us abetter chance to get the
continuing and on-time supply of materials necessary
to meet your requirements.
2. Keeping tabs on hard-to-obtain or over-committed
materials so Product Engineering can be alerted to find

3. Helping customers to lower costs and
conserve raw materials through the use of smaller
gauges and thinner insulation walls. Without sacrificing
performance.
4. Reviewing daily computer printouts of orders
behind schedule to get immediate corrective action
under way, or where this is impossible, advising
customers of the delay.
5. Making expediting calls on vendors in an attempt
to keep vital supplies flowing.
6. Helping the Marketing Department to keep in
closer touch with conditions and trends in the industries
we serve.
None of these steps will end the energy crisis by itself.
But add them up, and they can make adifference in
our ability to serve our customers.
Frankly, we hope the "Yes We Can" attitude of our
sales people becomes contagious. It's already spread
throughout Brand-Rex, helped by strong management
commitment. We think you'll see results in avery short
time. And if it becomes standard practice throughout
the industry, so much the better.
Because if we all do everything we can, we'll all be
better off.

Brand-Rex
Willimantic, Conn. 06226

acceptable alternates.
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All Meter Relays
are not
created equal.
General Electric
gives you new lower
ranges, increased
advantages.
You can monitor and
control from full-scale input signals as low as 5
micro-amps or 5 millivolts
with GE's new meter relays. Get ranges down to
150°F full scale on new GE pyrometers. Their
built-in high-impedance signal amplifier (solid
state, for long life) saves trouble by eliminating
thermo-couple lead resistance calibrations. Saves
money by letting you use smaller-gage wire on long
lead runs, too. It's GE for extra performance ...
and then some.

They're all in the General Electric family.
All GE meter relays
and pyrometers will
match your other BIG
LOOK® or HORIZON
LINE® panel instruments. Sizes range
from 21
/
2 " to
41
/ ",
2
single or double setpoint, AC
or DC rated. They're all optical
(non-contacting), with DPDT load relays and rugged
pivot-jewel movements. GE pyrometers also offer
built-in cold-junction and copper-error compensation, mirror scales, and t/c break protection. GE application assistance is also there when you need it.
GE quality and reliability don't just happen.

New alarm-reset meter relay saves space ...
saves trouble. A new option from GE.

«r , " ,
SP

SP

SE/ POiNT
KNOBS

!

We build them in. Through rigid
inspection of every component.
Through "clean-room"
techniques to en-

There's no need to mount extra
alarm lights and reset buttons

sure spotless
assembly.
Through
rigorous

alongside this new GE meter relay. It instantly indicates and
shuts off when over-limits occur.
Restarts

are

made

pushing

the

button.

by simply
Because

ALARM LIGHTS

everything is built in, you save
panel space and extra mounting expense. Just one
of many GE options.

Electric...
just for good measure.
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shock and repeatability tests
for flawless performance.
GE builds meter relays and
pyrometers you can
depend on.

For a complete catalog of GE Panel
meters, see your nearby Authorized
GE Distributor, Modification Center
or Sales Office. Or write to General
Electric Company, Section 592-47,
One River Road, Schenectady,
N. Y. 12345.

GENERAL
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YOU HUM THE TUNE,
EXAR PLL WILL SING IT

t

n

oboXR-S200

We have the broadest chorus line of Phase Lock Loop
circuits available today. Take a brief look at our everexpanding PLL line:
The XR-210 is designed for FSK Modulation and Demodulation and features a self-contained output logic
driver, compatible with RS-232C requirements.
Use the XR-215 for FM or FSK demodulation, frequency
synthesis and filter tracking. It has a 5V to 26V supply
range and 0.5 Hz to 35 MHz frequency bandwidth. Whatsmore, it's bipolar logic compatible.
The XR-S200 is a do-it-yourself building block. With
this you design your own PLL circuits by selecting external connections and components. You get instant pro-

totypes with minimum fuss and costs.
Moving right along .. .the XR-567 PLL is designed for
tone and frequency decoding. It has a bandwidth adjustable from 0 to 14%, sinks up to 100 mA of load current
and has a logic compatible output. Our dual version, the
XR-2567, is a real hummer with even better temperature
tracking and matching characteristics. Power supply rejection is improved by an order of magnitude over the
single version. The dual outputs can switch up to 100 mA
at 26 volts.
All together now. We would like to send you the complete musical score on our PLL products. Our data sheets
are good and they're filled with applications data. Write
now, write.

EXAR SPEAKS YOUR LANGUAGE
.drat&
EXAR INTEGRATED SYSTEMS
R-OHM CORPORATION
EXAR INTEGRATED SYSTEMS
P.O. Box 4455
Irvine, CA 92664
Telephone: (714) 546-8780
TWX: 910-595-1721

R-OHM ELECTRONICS GMBH

.ohn

OUALITY RELIABILITY

EXAR INTEGRATED SYSTEMS
MühlenstraBe 70
4051 Korschenbroich
Telefon (02161) 298 05
Telex 852330 rohm d

MEMBERS OF THE INTERNATIONAL R-OHM GROUP
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Washington newsletter
New energy office
wants $16 million
national data net

Air Force disputes
criticism on
Awacs jamming

NASA appeal of
Seasat, LST cuts
is chancy.
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A multimillion-dollar computer information service will soon be rented
by the weeks-old Federal Energy Administration. The FEA has announced that arequest for proposals would be out by July for acornplete computer service. Hardware for the $4-6 million project would
include two central-processing units, 2.9 million characters of main
memory, 1.7 billion characters of mass storage, necessary peripherals,
including 134 to 500 terminals, and anational telecommunications network. An additional $10 million for various software systems is also in
the works.
The proposal will include training FEA personnel and amanagement
contract, to cover 18 months, for operating the facility 24 hours aday,
seven days aweek. The FEA wants the proposed system to be fully operational by January 1975, but computer marketing experts indicate
that it might take until January 1976 before such asystem could be installed. The system would be used for FEA's work in fuel allocation,
price controls, weekly reports, international studies, refinery output
projections, and internal bookkeeping.

The Air Force is countering congressional and General Accounting Office criticism that its Airborne Warning and Control System (Awacs)
can be jammed by ground systems 200 miles away. A classified study,
Saber Satin (Tactical) II, ordered by deputy defense secretary William
P. Clements Jr., says that ground-jamming of the radar side lobes can be
countered by two Awacs aircraft working in tandem. It also contends
that high-power jamming of the main beam can be countered by such
electronic countermeasures as frequency-hopping, blanking out the
jammed frequency, or dropping below the jammer's radar horizon.
Long delayed and always controversial, Awacs is scheduled to move
to production in fiscal 1975 with a$550 million procurement request for
12 planes, plus $220 million in RDT&E. Successful passage of the procurement appropriation in the Senate could well depend on how effective the Air Force study is in persuading skeptical senators concerned
about the sensitive jamming issue. The study will also be used by the
Defense Department in its year-end review of the program, and the results will be delivered to congressional armed services committees.

A NASA appeal to the Senate to restore $8 million for its Seasat
oceanographic satellite and $6.2 million for its Large Space Telescope
in its fiscal 1975 budget is given "less than a 50-50 chance" by one
knowledgeable staffer, following elimination of the funds from the
$2.34 billion appropriation passed by the House at the end of June.
The House also failed to appropriate the $16 million authorized earlier
to begin work on athird Earth Resources Technology Satellite, known
as ERTS-C. But since the space agency had not requested these funds
in its budget, it is not including them in its appeal. If the Senate acts,
then the funding differences between its appropriation and that of the
House will be ironed out in aconference.
NASA's Seasat appeal will be based on its argument that its proposed
1978 launch of the satellite with a surplus Air Force rocket will cost
nearly $3 million less than a 1980s launch using the Space Shuttle,
which is scheduled to be operational at that time. Appealing the LST
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Washington newsletter
cut will be more difficult since congressional opposition is based on the
project's high total cost, estimated to run as high as $300-500 million.

. . .but it
moves ahead with
solar-run craft

Computer group asks
splitting of FCC,
breakup of AT&T

Interior to get
high-performing
cloud-tracking radar

50

is moving cautiously, but deliberately, forward with its Solar
Electric Propulsion Stage spacecraft, awarding parallel studies of
$330,144 to Boeing Aerospace Co. and $347,500 to Rockwell International for SEPS' "evolutionary concept definition and systems analysis." The contracts, scheduled for completion in January, 1975, should
provide abase for the preliminary design phase of the program's development schedule next year. The SEPS idea is based on using highpower solar arrays and electric thrusters for primary spacecraft propulsion. Initially, the concept would start with a 15-kilowatt SEPS building
block that would be capable of being upgraded to 25 kilowatts of
thrust-subsystem power on planetary and earth-orbital missions.
NASA

Division of the Federal Communications Commission into two regulatory agencies—one for broadcasting and the other for telecommunications—and the breaking up of AT&T has been urged on the
Senate by the California-based Computer Industry Association. The
association of 38 companies, mostly peripheral-equipment makers, has
told the Senate Antitrust and Monopoly subcommittee in testimony
that splitting up the FCC "would allow equal emphasis" on regulation of
broadcasting and telecommunications, rather than allowing continuation of broadcasting's dominance of commission activities.
As for AT&T, the association wants it placed under jurisdiction of the
Public Utility Holding Company Act, now applicable to gas and electric companies. The association also seeks to split the telephone company into local operating companies, a company for interstate transmission, and one or more equipment companies. The testimony came in
connection with hearings on the Industrial Reorganization Act
(S-1167), introduced by subcommittee chairman Philip A. Hart (D.,
Mich.) and designed to limit concentration of industrial power in major U.S. industries such as communications and transportation.
Passage of the act is most unlikely, say knowledgeable congressional
observers, although one staffer says the hearings "have AT&T and the
others worried with the publicity they are getting and are producing interesting testimony never heard before." AT&T is scheduled to respond
to criticisms with testimony of its own later this summer.

Interior Department officials believe they will be getting anew standard
for radar reliability and data quality in a mobile cloud-tracking radar
unit to be built by Enterprise Electronics Corp., Enterprise, Ala. The
company, a manufacturer of meteorological radar, will build the
$315,000 prototype for use by the Bureau of Reclamation in tracking
atmospheric events inside clouds. The system will be acomplete, selfcontained unit with a digital video integration processor to insure accuracy and reliability from complex signal inputs. A hardwired data
compiler will interface with the department's new IBM computer in
Denver. Government radar experts are predicting that the new unit
"will become abenchmark for comparison of reliability and data quality." The unit's price is about twice that of less accurate radar models
used by television stations and the National Weather Service.
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livoinstrumentideas
thatyouprovedright.

I

Automatic
Microwave
eCounter

Why pay over $5,000 for a microwave frequency
counter that measures OW only? Systron-Donner's
idea: one instrument that measures everything: FM,
pulsed RF and OW. Result: Model 6057 which measures virtually any microwave signal from 20 Hz to
18 GHz. Price $5,450. Industry response: One of our

best sellers. Don't want to measure everything? S-D
thought of that too. Model 6016 measures CW only;
price $4,875. Yes, a manual T.O. system too. Model
6092 price $3,695.
Circle No. 51
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How do conventional synthesizers achieve microwave frequencies?
By using multipliers. But that multiplies noise too. Systron-Donner's
idea: eliminate multipliers, use octave band signal sources instead.
Result: afamily of frequency synthesi7 , rs with the highest spectral
purity obtainable today. Industry res.inse: enthusiastic. Request
our new application note entitled "The Microwave Frequency Synthesizer: An Improved Standard for Microwave Research, Testing,
and Applications."
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Circle No. 84
For immediate details, call our Quick Reaction line (415) 682-6471
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collect. Contact your Scientific Devices office or Systron-Donner
at 10 Systron Drive, Concord, CA 94518. In Europe: Munich,
W. Germany; Leamington Spa, U.K.; Paris (Le Port Marly) France.
Australia: Melbourne.
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Why square ferrite cores?
save up to 40% in space
save up to 40% in assembly time
save up to 30% in inventory
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Ferroxcube's new RM Series square cores save up to
40% in pc board space over round pot cores. Furthermore, RM Series saves up to 40% in assembly and mounting time. Two simple. gold-plated clips
hold them together and readily snap
them into place on the pc board.
Your parts inventory is reduced since
the economical mounting clips replace
more expensive pot core mounting assemblies.
Ferroxcube's RM cores are available

FERROXCUBE
A NOKIII

deb

CIP

with a choice of ferrite material: choice of ungapped,
fixed-gap or adjustable-gap types, with smooth precise
tuning of inductance to an accuracy of better than 0.03%
in adjustable models.
RM cores now in stock. For complete
information cal1914 -246-2811, TWX
510-247-5410 or write Ferroxcube,
Saugerties, N.Y. 12477.
Ferroxcube linear ferrites —made in
Saugerties. N.Y. and stocked in seven
U.S. locations.

CORPORATION, SAUGERTIES, N.Y. 12477 • 914-246-2811

RI( AN 1'1111111 (

Dostnbuted through North Amencan PhIllps Electromc Components Corporat1on w1th warehouses .n Boston,617 •899-7100. New York 516.538-2300.
Saugertles

914.246-5861, Phdadelphla

215.836-1616. Ch1cago

312.593-8220. San Doego 714.453-5440
I6 101
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Electronics international
Significant developments in technology and business

LED display shines
through substrate
Resembling a semiconductor upside-down cake, anumerical display
from Japan's Hitachi Ltd. is based
on monolithic gallium phosphide
light-emitting diodes. The device's
front plane with the pn junction segments faces the substrate upon
which the individual digits are assembled. Light from the segments
travels through the chip and exits
from the polished back plane, which
faces the observer.
This configuration offers a number of advantages, not the least of
which is the ability to use flip-chip
techniques for bonding the chip to
the substrate, eliminating individual
wire bonding of each segment. The
device was developed by Masahiro
Kitada and coworkers at Hitachi's
Central Research Laboratory.
Gallium phosphide has the rather
large index of refraction of 3.37,
which means that all light rays striking asurface at angles greater than
17° undergo total internal reflection.
This characteristic prevents broadening, or spreading, of the apparent
source of the light emitted by the
segments. At the same time, light
output and contrast are reasonably
constant over an extremely wide
range of viewing angles.
What's more, there is no hole in
the center of the light emitter—the
metal ohmic contacts do not block
the center as do the wire bonds of
conventional units. Furthermore,
the metal contacts reflect light back
towards the observer, enhancing the
brightness of the display.
The segment diodes are fabricated by selective masked diffusion
rather than by the overall double
epitaxial layer and mesa etch often
used for monolithic displays. Starting material is an n-type gallium
phosphide wafer with an epitaxial
layer. Two types have been used, an
80-micrometer thick vapor-phase
epitaxial layer and a liquid-phase
epitaxial layer 30 micrometers thick.
Either way the wafers contain nitro-
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gen doping to produce green color
and sulfur doping to give n-type
conductivity. Carrier concentration
is about 5x 10 16 per cubic centimeter.
Diffusion is performed using a
mask of Al 2O3 or Si3N4. Chemical
vapor deposition of the mask and
photoetching are conventional processes. Zinc diffusion through mask
windows to form the p regions of
the light-emitting pn junctions is
from aZNP2 source. The zinc is the
dopant and phosphorus is required
to keep the partial vapor pressure of
phosphorus at avalue high enough
to prevent loss of phosphorus from
the wafer.
Diffusion is followed by metalization over the entire surface of the
chip on top of the mask layer. The

pattern of metalized segments is
fabricated by photo etching. Each
metal segment contacts the p region
of the individual diodes that make
up one light-emitting segment
through the windows in the mask
layer, which forms part of the passivation of the completed device.
Contact to the substrate of the
chips is made by gold-germanium
eutectic metalization through windows opened in the two open areas
in the display pattern.
Then comes fabrication of solder
bumps for face-down bonding of
chips on a substrate with appropriate wiring pattern. The last step
is to mirror polish the back side of
the wafer— the side that faces the
observer—and to dice into individual chips.

Around the world
Philips develops large-screen TV projector
In looking for a replacement for its veteran large-screen TV projector, the
Eidophor, Philips Gloeilampenfabrieken has turned to ferroelectric crystals.
One of its French affiliates, Laboratories d'Electronique et de Physique Appliquée has put together a demonstration color-TV system that projects a
light flux of some 2,500 lumens, enough for afull-fledged cinema screen.
LEP officials think their new hardware could be sold for about one third
the $80,000 or so that the Eidophor projectors cost. What's more, they say
the next system does not need as much care as does the Eidophor, which
uses athin film of oil to modulate the projected light. LEP's system is based
on aspecial tube called Titus, which has as its modulating element aslab of
ferroelectric crystal. For color-TV projection, LEP uses three Titus tubes to
modulate afocused beam from a4.5-kilowatt xenon lamp.
System automates blood-flow analysis
A hospital research team in London has turned to electronics to build an
automated blood-flow measurement system. With it, the measurement takes
seconds, which means that the device holds promise for mass screening of
patients. With Autopleth, all a clinician need do is attach a limb-encircling
pressure cuff. The tabletop system then automatically inflates the cuff to the
desired pressure, runs through four measurements and deflates the cuff
when the process is done.
To build the system, researchers at Guy's Hospital put together a U.S.made strain-gauge cuff from Parks Laboratories and an automatic digitally
programmed dual-chamber cuff inflator built in-house around National
Semiconductor silicon strain-gauge integrated circuits. A Fluke digital multimeter to measure the strain-gauge resistance, a small calculator and
memory to perform the flow calculations, and achart recorder complete the
system. The Guy's group estimates that the units would commercially cost
about $15,000. The prototype will be part of athree-year trial sponsored by
drug company Sevier Ltd. [Electronics, June 13, p. 44].
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ULTRAMATCHED
TRANSISTORS...made easy!
Vos -1000

Max!

TCVos -0.5a/°C
Ah FE 3.0%
YOUR TO

APPLICATION HAS MET ITS MATCH!
typ at I. = 10nA!). Of course, the monoMAT-01 receives Precision Monolithics' famous "Triple-Passi-

Unparalleled matching at a price you can afford —
and with off-the-shelf delivery too! The monoMAT01 makes it easy to realize your toughest-spec spe-

vation Process" for the ultimate in reliability and
long term stability.

cial purpose amplifier designs! And super-matching
isn't the only feature monoMAT-01's got—the extremely linear

Vb.

Try one and see! (It's easy! — the 6pin TO-99 type package directly replaces most popular duals.) You'll find the
monoMAT-01 is more than a match for your toughest
dual transistor application! Get 'em off-the-shelf from
your Precision Monolithics distributor!

vs log l
c is ideal for current

sources, log-antilog and multiplier circuits. Micropower circuitry will love the extremely low noise and
high beta at very low collector currents (h FE =590

GUARANTEED MIN/MAX SPECIFICATIONS
monoMAT-01AH

monoMAT-01H

monoMAT-01FH

monoMAT-01GH

0.1
0.5
500
0.6
90
20
45
$6.00

0.1
0.5
330
0.8
110
30
60

0.5
1.8
250
3.2
150
40
60
$3.75

0.5
1.8
250
3.2
150
40
45
$2.50

'Vos @ 25° C
TCV os (-55° to —125°C)
c 10µA
los @ l
c =- 10,11A
TCl os (-55° to +125°C)
e
l
c = 10,LLA

4. @l_—_
I, @

"CEO

Price @ 100 pcs.

PRECISION
MONOLITHICS
IccDFAvEQ

1500 SPACE PARK DRIVE, SANTA CLARA, CALIFORNIA 95050
TEL. (408) 246-9225
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• TWX 910-338-0528
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NEW YORK METROPOLITAN AREA Harvey Radio, Woodbury, N.Y.: (516) 921-8700 • NEW ENGLAND AREA Gerber
Electronics, Dedham, Mass.: (617) 329-2400 • UPSTATE NEW YORK Harvey Federal Electronics. Binghamton,
N.Y.: (607) 748-8211 • NORTHEAST Newark Electronics, Woburn, Mass.: (617) 935-8350 • BALTIMORE-WASHINGTON Whitney Distributors, Baltimore, Md.: (301) 944-8080 • PHILADELPHIA Hallmark Electronics, Huntingdon
Valley, Pa.: (215) 355-7300 • MICHIGAN RS Electronics, Detroit, Mich.: (313) 491-1000 • SOUTHEAST Kirkman
Electronics, Winston-Salem, N.C.: (919) 724-0541 • EAST CENTRAL Pioneer/Cleveland, Cleveland, Ohio: (216)
587-3600 • Pioneer/Dayton, Dayton, Ohio: (513) 236-9900 • CENTRAL Hallmark Electronics, Elk Grove Village,
III.: (312) 437-8800 • Minneapolis, Minn.: (612) 925-2944 • St. Louis, Mo.: (314) 521-3800 • TEXAS-OKLAHOMA
Sterling Electronics, Houston, Texas: (713) 623-6600 • Dallas, Texas: (214) 357-9131 • SOUTHWEST Sterling
Electronics, Albuquerque, N.M.: (505) 345-6601 • Phoenix, Ariz.: (602) 258-4531 • WEST Westates Electronics
Corp., Chatsworth, Calif.: (213) 341-4411 • Sterling Electronics, San Carlos, Calif (415) 592-2353 • Intermark
Electronics, Sunnyvale, Calif.: (408) 738-1111 • Denver, Colo.: (303) 936-8284 • Salt Lake City, Utah: (801)
359-0531 • San Diego, Calif.: (714) 279-5200 • Santa Ana, Calif.: (714) 540-1322 • Almac-Stroum, Seattle,
Wash.: (206) 763-2300 • Portland, Ore.: (503) 292-3534.
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International newsletter

EEC seeks to brace
computer industry
against U.S. firms

Membrain expected
to supply testers for
UK phone-switching

Low-frequency
hybrid filters use
tantalum as base
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The European Economic Community's Council of Ministers, seeking
to make the community's computer industry more competitive with
U.S. firms, last week approved aplan to provide subsidies for European
projects in data and systems applications among computer users. The
plan, abrainchild of the EEC commission, includes giving financial aid
for such joint international industry projects as software and peripherals.
The program will coordinate public purchases of computer software
and hardware, plus attempt to set common standards, including a
single computer language. No specific projects have been defined by
the council, but the commission is to submit implementing proposals,
including probable budget requirements, by the end of the year. The
program seeks to encourage joint actions where possible among such
computer users as national administrations, on the one hand, and hardware and software producers on the other.
The commission eventually wants to combine efforts on mainframe
technology and finally merge various production facilities. This would
ultimately mean strengthening the present Unidata link between CH,
Philips, and Siemens, which commission experts privately say is inadequate to stand up against U.S. rivals. While there is astrong Europeanonly bias in the program as originally outlined, some European computer makers favor U.S. links. Who will participate in communityfunded projects will be decided on a "case-by-case" basis, says a commission official.

Membrain Ltd. is expected to supply most of the automatic test equipment used by manufacturers of electronic switching equipment for the
British Post Office's vast TXE-4 electronic telephone-switching project.
The fast-growing company has the inside track over General Radio Co.
and Teradyne Inc. for Plessey Telecommunications Ltd.'s portion of the
switching project. Plessey already has garnered part of the TXE program shared with ITT's Standard Telephones and Cables. The Plessey
contract with Membrain, expected to be signed by September, will be
worth $2.5 million, which could grow as Plessey's portion increases.
TXE-4 could account for $2 billion in business by 1985.
Plessey also is negotiating contracts worth up to $2.5 million with
Hughes and Teradyne for automatic back-plane testers to check out
wiring at the rear of switching racks. The fully automatic Hughes system, for which STC also is negotiating, seemingly is favored over the operator-controlled Teradyne equipment, although the checkout decisions
in both are performed automatically.

Siemens AG is about to introduce aline of low-frequency hybrid active
filters based on tantalum thin film. The German company says the main
applications will be in communications equipment—for example in
data transmission and pulse-code-modulation systems—and in test,
measuring, and control equipment. Basic to the development have
been determining circuit parameters by computer. Components are
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trimmed by lasers, and the operational amplifiers required for the filters are built onto the substrate.
The result of afive-year development effort, the new devices have a
quality factor of 100 for frequencies between 100 and 1,000 hertz and a
Q of 50 for frequencies as high as to 10 kilohertz. By using tantalum-nitride resistors and beta-tantalum capacitors, almost ideal temperature
compensation is achieved for the frequency and stability-determining
RC product. Values of 40 x 10 -6 per °K are attained by the filters, says
Erich Gelder, marketing manager for integrated circuits. Samples of
the new devices will soon be available, and volume deliveries will start
within six months, Gelder says. A second-degree filter— one with two
frequency-determining components and measuring only 47 by 18 by 3
millimeters—will sell for roughly $10 apiece in large quantities.

Sweden to begin
regular stereo
radio broadcasts

Three firms invest
in Korean plants to
export components

Addenda
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After at least adecade of discussion, studies, debate, and testing, Sweden is on the way to getting regular stereo radio transmissions. The
Swedish telecommunications authority and the Swedish Broadcasting
Corp. have requested funding—almost $3 million—from the government to start stereo transmissions in 1976. Until now, test transmissions
have been made once or twice aweek on the "good-music" program.
Under the proposal, stereo broadcasting will be started on programs 2
and 3(good music and light music), and by 1979, program 1(news and
talk) will also have stereo. Sweden's start of regular stereo broadcasts
was delayed by aproposal that a special Swedish-developed "channelsplitting" system be used. However, the final decision is to use the standard pilot-tone system.

Philips Gloeilampenfabrieken is the largest of three international electronics companies about to set up shop in Korea. The Dutch giant
plans to invest $6.6 million in aplant with an annual production capacity for export of 500 million resistors, 500 million capacitors, and 15 million potentiometers. Also, Magnetic Media Korea will get a$1.14 million loan from the U.S. company known as Panasia Investors Inc. to
develop an annual production capacity for export of 1.6 million reels of
cassette tapes, 395,000 reels of other tapes, 6 million cassettes, and
600,000 cartridges. At the same time, Fuji Denki Seizo of Japan is investing $675,000 for a45% share of ajoint venture with three Koreans
to produce magnetic switches and other electronic parts, of which 36%
will be for export.

The Japanese government has decided to place quotas on exports to
France of tape recorders, phonographs, and record players starting July
8. Although France's production of the items covered by the quota is a
small percentage of the total demand and Japanese imports are asmall
percentage of the total market, Japan decided to act before movements
underway to restrict exports of Japanese electronics to Europe gained
more steam. ...An estimated cost of $40 million has killed the proposed world's largest radio telescope, at Jodrell Bank. The tHes Science Research Council told the University of Manchester that it
wouldn't support the 375-foot dish.
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BOURNS
trims more
circuits
than
anyone
else in the
world!

NOBODY KNOWS MORE ABOUT
TRIMMERS THAN WE DO
Marian E. Boums, President of Boums, Inc.
invented the modern miniature TRIMPOTk
trimming potentiometer. This company
pioneered the industry, and has maintained its
leadership position for over aquarter of acentury.

WE GIVE YOU WHAT YOU NEED
Boums has the broadest line of trimming
potentiometers in the industry. We produce
just about any type, shape, size, style you're
likely to need. We make them more readily
available via alarge factory inventory ...and
91 stocking distributors.
Ready to simplify your specifying? Standardize
on Boums "Top Twenty".. .they cover 90%
of your application requirements. Write for our
Top Twenty Designer's Portfolio.

YOU CAN DEPEND ON BOURNS
Trimming potentiometers are the most costeffective method of adjusting, regulating and
controlling circuits ...and they will remain
so for the foreseeable future. Bourns is the f`,
most capable, straightforward and reliable
supplier of trimming potentiometers.
Depend on Boums.

QUALITY, SERVICE, VALUE — Bourns is No. 1
... you can depend on it!
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BOURNS, INC., TRIMPOT PRODUCTS DIVISION • 1200 COLUMBIA AVENUE, RIVERSIDE, CALIFORNIA 92507

SIEMENS

The unvarying ingredient
in every Siemens component:
batch-to-batch quality.
Even though Siemens makes 50,000 different
shapes and sizes of components, to meet
virtually any need and the reality of your
economics, we're best known for the
efforts we devote to quality. Year after
year, batch after batch. (We've made 500
million pot cores in the last 5years alone.)
One of the reasons for our high level of
quality and reliability is the two million
dollars we invest every working day
in research and development. Our R&D
program has paid off well-90% of
the components we offer today were
not available 10 years ago.
R&D has also enabled Siemens to pioneer
metallized polyester-film (MYLAR*)
capacitors, tuning-diodes, gas-filled
SVP's" and cradle relays. And there are
more innovations on the way.
If you depend on electronic components,
you can depend on Siemens. Batch after
batch, the quality never varies.
*DuPont registered trademark.

For details, get in touch with your local Siemens
specialist, or fill in the coupon below.
Please indicate your specific area of interest and mail to:
Siemens Corporation, Components Division
186 Wood Avenue South, Iselin, N.J. 08830
• BWO's

El LCD's

Semiconductors

D Capacitors

E LED's

Opto -Electronics

• Planar Triodes
E Ferrites
• Relays
• Gas -Filled Surge
Voltage Protectors (SVP )

Name

Title
Tel.

Company
Address
City

State

Zip

E2

Siemens Corporation
Components Division

186 Wood Avenue South, Iselin, N.J. 08830 (201) 494-1000
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When it comes to miniaturized switches,
you'll find true AMP innovation. And because
they're made by AMP, you know you're
getting economy and reliability.
Take our multipole switch for pc boards,
anew addition to our dual in-line switch
group. It increases our ability to give you an
even wider variety of configurations in
high-density DIP switches. From double-,
triple-, 4- and 5-pole single-throw to singlepole double-throw 4-terminal form Z.
What else is new? Our 2-, 3- or 4-position
switches, each having double-pole doublethrow capability. In asingle dual in-line
enclosure. They're only .275' high, which
includes the screwdriver-operated actuator.
For low-cost applications, consider
AMP's unique pull-to-set slide switch. It's
available as amodule for mounting on pc
boards. Or preassembled as aprogrammable
matrix slide switch.

In addition, we have acomplete line of
matrix rotary switches and switch kits
designed for panel mounting. They're simple
and economical ways of manually programming various types of electrical/electronic
equipment. Without external switch wiring.
Our pc board rotary switch gives you a
wide choice of outputs. Plus truly versatile
application possibilities. While our 5-position
slide switch permits maximum slide positions
in aminimum switch size.
So think small. Think AMP miniswitches. Call (717) 564-0101. Or write
AMP Incorporated, Harrisburg, Pa. 17105.

A NI 1::»
INCORPORATED

AMP is atrademark of AMP Incorporated.

switches
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FRANCS MAKE
COORS C
Easy to say, you say, but is it true?
We honestly think it is. Consider these facts: We're one of the world's largest
producers of technical ceramics for industry. We've been making high-alumina
and beryllia ceramics for electronics for over 30 years. During this time we've
manufactured millions of parts and components for thousands of applications
and hundreds of customers — most of whom are still our customers. We think
this proves something. We hope you agree and will read on. You may discover
a way Coors ceramics can make your electronics better.

PACKAGES
Circuit packages—for discrete devices, hybrid circuits, IC chips — all available from Coors. Types include
power transistor headers, DIPs, cerpacs, and specials
made specially for you. Ceramics include beryllia or
black or white alumina. Noble-metal coatings and lowtemp sealing glasses are standard, as are moly-manganese metallization and all popular plating processes.
Our usual fine ceramics with controlled densities, dimensions, and finishes ensure highest hermeticity
when vacuum-tightness is demanded. We have the
facilities and experience for continuous, high-volume
production runs, plus the flexibility for speedy preproduction development.

TUBES
Our ceramic tubes are used for furnace linings,
thermocouple-lead and -sensor protection, gas
sampling, target and sight envelopes, combustion
experiments, and undoubtedly a number of other
things we know nothing about. Available in mullite, silicon-carbide*, or high-alumina ceramic,
they are strong, straight, refractory, dimensionally
precise (stay with us), gas-tight, noncontaminating, corrosion-proof, and resistant to thermal
shock. We stock many popular shapes and sizes
for fast delivery. Others quickly made to order.
•Crystar- brand

A translucent high-alumina ceramic, Vistal has
excellent transmittance values in the visible and
IR regions of the spectrum. This plus high dielectric, electrical-insulation, strength and temperature properties makes Vistal an outstanding material choice for demanding optical applications.
Available in disc and tube form.
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SUBSTRATES
Substrates for thick- and thin-film circuit bases
are something of a specialty at Coors. As one of
the industry's largest producers we make all practical shapes and sizes in practically any volume.
For thick-film work we offer a widely used, economical 96% alumina ceramic; for thin-film, a
well-established 99.5%. For circuits that lend
themselves to gang-type processing we point with
pride to our Strate -Breaks®, prescored substrates
which, after processing, break into smaller individual units. And for small orders and quick deliveries, we have a special prototype service,
including laser-scribing equipment. With all this
capability we're sure we can handle your substrate requirements too. Give us a chance.

HOUSINGS
Many leading manufacturers of electron tubes
specify Coors ceramic housings for their klystrons, thryatrons, TWTs, magnetrons, and other
high-power devices. Have for years. The reason,
we've found, is they like the consistently high
quality of our alumina and beryllia ceramics. Particularly pleasing properties: excellent dielectric
characteristics, uniformly high densities, good
mechanical strengths, good thermal conductivity,
high temperature capability, easy metallization.
What's not to like?

SEND FOR MORE INFORMATION using this magazine's information-request card. For faster service,
write or phone:

COORS PORCELAIN COMPANY
MICROCERAMICS
Microceramics is a term coined a few years ago
to describe a very large variety of very small ceramic components for microelectronic applications. Spacers, headers, supports, insulators,
standoffs, frames, mounting pads—you name it,
we probably produce it... in alumina or beryllia
ceramic ... and large volumes. If you use microceramics but don't buy them from us, it would
probably be worth your while to find out why not.
To coin a phrase, we could both be losing money.
Electronics/July 11, 1974

Sales Dept., 600 Ninth St.,
Golden, CO 80401
(303) 279-6565. Telex 45593.
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When you finish with an installation,
you want to be finished with it.
Not plagued by repairs or complaints that the equipment you
installed doesn't live up to your
promises.
Exactly the reason for our allnew University UPD paging and
sound reinforcement amplifiers.
Your amplifier solution to this
problem.
When we build our UPD's, we put
our money where it counts. Into
sound. Into quality. Into dependability. And those myriad touches
that add up to the most important
thing of all: solid craftsmanship.
Features? Sure, we've got them.

Like straight line controls. Like
built-in mike pad attenuators and
transformers. Like the optional VU
meter and monitor speaker shown
here.
But we don't put features before
performance. That's why you won't
find aUPD loaded up with gimmicks
that may look good, but often end
up giving you more trouble than
they're worth.
And when it comes to performance, our specs mean what they
say. Our 3 UPD models are rated
at 120, 60 and 30 Watts RMS. Not
just at 1000 Hz, but across the entire
frequency bandwidth — from 50
to 15 kHz. Plus the lowest noise

We've p„ t
were yo Jr
64
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specifications of any amplifier in
this price range.
So the next time you need a
rugged, no-nonsense amplifier
for church or synagogue, school
auditorium, conference room,
airport, or what have you — think
University UPD. Because once you
install a UPD, you can forget about it.
Until you meet the next
customer who needs one.
For complete information on UPD amplifiers,
please write to .

IUNIVERSITY. SOUND
ALTEC SOUND PRODUCTS DIVISION

1515 S. Manchester Avenue
Anaheim, Calif. 92803
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Money worries cloud bright picture
Electronics industries find high interest rates and inflation
are making their blue skies just a little less bright
by Howard Wolff, Associate Editor

They're saying that business is great
—and should stay that way in the
second half of 1974—but electronics
executives are just a bit worried
about two clouds in their blue skies:
high interest rates and inflation.
Perhaps Richard Reisinger of
Tektronix expresses it best when he
says: "We'd been thinking there
would be aslowdown, but we don't
see that in our order rate. By no
means do we expect a downturn."
However, the manager of corporate
development puts his finger on the
money squeeze when he adds: "But
our business depends on companies'
ability to expand, and many small
companies can't get the money."
This thread of concern runs
pretty steadily, except for occasional
bursts of optimism like "We're ahead
of plans all along the line" from
Hewlett-Packard's Ed Van Brokhorst,
vice president and treasurer.
But, ironically, it's inflation that

Electronics/July 11, 1974

has had a major positive effect on
one big problem of six months ago:
shortages. Because of tight money,
buyers are reluctant to build big inventories. This, coupled with general easing of material shortages,
has seen delivery lead times shorten
considerably. Finally, all this has
added up to more realistic bookingto-billing ratios. As explained by
Charles Clough, vice president for
semiconductor marketing at Texas
Instruments:
"Throughout late 1972 to early
1974, booking-to-billing ratios were
very very high. Now, bookings are
more realistic when compared to
billings. That's because lead times
are coming in for all products except diodes, and as lead times come
in, people don't need to place 18month orders. Buys are now covering a shorter delivery period—
about eight to 12 months."
At Allen-Bradley's Electronics di-

vision, lead times are shortening on
fixed resistor products. This, says
Stanley Kukawka, vice president
and general manager, is due partly
to increased capacity, but also to
slightly lower bookings.
At another components house,
TRW Electronic Components division, marketing director Keith
Myers says, "It's impossible to equal
last year." Still, says Myers, 1974
looks good. "We'll finish 1974 at a
little stronger pace than we thought
at the beginning of the year." Myers
says that his division "sees the problem being the high cost of money.
Our customers are looking very
closely at their inventories."
Color sets. In the consumer area,
color-Tv production, as predicted, is
down 5% to 10% from last year's
record of 9.3 million sets. But sales
are up for the industry leaders—
at RCA, officials are considering raising their prediction of in-
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Carpenter controlled-expansion alloys.
Uniform.
Optimum fabricability.
Every time.

Carpenter Kovar

is the most

widely used glass-sealing alloy.

Stamp. deep-draw. etch, form, or coin.
Many grades are available tailormade for
the process you use. You get the best
possible fabricability.

Users will tell you.

A call to your Carpenter
Service Center will bring
You get a broad selection of low and
high expansion, as well as glass- or

some of the finest technical
assistance in the industry.

ceramic-sealing grades. In every form
and size. For every job.

The quality is always consistent.
Always uniform. So production
stays uniform.

Call your Carpenter Service Center today.
For prompt and complete information on all
Carpenter controlled-expansion alloys. And
ask for our free, informative booklet. Carpenter Steel Division, Carpenter Technology
Corporation, Reading, Pa. 19603. European
Office: 51, Square Vergote, 1040 Brussels,
Belgium.

.
1 CARPENTER
C aRereell TECHNOLOGY
CARPENTER STEEL DIVISION

High-quality surfaces,
uniform temper, minimum
orange peel. and camber.
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dustry-wide production of color sets
in 1974 to 8.8 million from 8.6 million. "And Iwouldn't be surprised if
the industry goes over 9 million,"
says David J. McCarty, manager of
market development. "The seasonally adjusted rate for the first 21
weeks was 9.05 million, and for the
last four weeks, we've been running
at 9.7 million. Right now, sales to
dealers are 5.5% behind last year,
though that figure was as high as 7%
earlier." However, any decrease
in unit sales should be wiped out by
increased prices.
Sales up. As for dollars, the two
leaders in market share—Zenith and
RCA, in that order—confirm that
their sales are up over 1973. RCA
isn't saying by how much, but Zenith president John J. Nevin said in
May that his company's sales increased 4.3% over a comparable
1973 period in color, 5.7% in monochrome.
All this should bode well for
semiconductor makers because the
color-Tv industry is now running
about 59% solid state, compared to
35% at this time last year. However,
Bernard V. Vondershmitt, vice president and general manager of RCA's
Solid State division, sees a general
softening in Tv components, acondition that some in the industry attribute to double ordering.
Another consumer area, calculators, is expected to experience a
shakeout. There are over 50 brands
on the market now, says S.F. Accardo, avice president of New York
Stock Exchange member William
D. Witter Inc., and eventually,
"only those companies with a high
degree of vertical integration, including expertise in semiconductor
production, are likely to survive."
He believes domestic demand for all
types of calculators should rise in
1974 by 50%, to 13 million to 14
million units, with 40% to 42% of the
sales in the fourth quarter. Scientific
calculators will account for 20% of
that total, compared to anegligible
number last year.
Big and strong. In the computer
market, TI's Clough sees strength at
the large manufacturers' and inventory imbalances only at the
smaller houses. David Methvin,
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Looking 'em over. A Manhattan store tells the world about its stock of Hewlett-Packard calculators (left) while apassing citizen stops to inspect the array of cases and key boards.

president of Computer Automation say, however, that since more prodInc., the Irvine, Calif., mini- ucts are better available, bookings
computer maker, also notes that will begin to drop, and thus backsome customers are stretching out logs will also. "The ultimate usage
deliveries to keep inventory down. of semiconductors," he says, "is not
Methvin also points to high interest diminishing. We are seeing some
rates and inflation as major prob- kind of adjustment" in the backlog
lems. Minicomputer sales, says area, he says. "We just can't sustain
Methvin, should grow to nearly 50% the kinds of backlogs of last year."
One of the sectors affected during
more than in 1973.
For semiconductor makers, aside this new adjustment period, says
from the money crunch, the year Osborne, is TTL. "This is one of the
looks good—although not up to the areas where availability has imlevels of 1973. Fairchild's Richard proved," but he says that it does not
de.l. Osborne, executive vice presi- signify a softening in the TTL mardent for finance and business devel- ket. Such changes, he says, "happen
opment, characterizes 1974 as a by evolution, rather than quickly."
Pentagon is back. One interesting
"good year" in view of its slightly
slower growth rate of 20%. "The es- development is detected by TI'S
sence of what's happening," notes Clough. He says that the military is
Osborne, "is an adjustment of in- turning into a good market for the
ventory levels." Fairchild, he says, semiconductor manufacturers: "The
has adjusted its numbers because Pentagon has increased funding for
systems by 5%; for R&D,
"we don't have to carry a large inventory" any more. And, he adds, 12%," he points out. "The military
"our customers, as they find things market's showing solid strength for
more available, are doing the same the first time in three years. Because
of our inability to supply custom
sort of thing."
Osborne says there is no evidence . products, the military was forced to
that shipments are slowing down on use a standard product, and that
CI
customers' end products. He does will continue."

67

SURF I

HP's new 5082-7750 series

!

5082-7730 series

HP displays are bigger than ever!
Now you can get abig, readable 0.43 inch LED display without
sacrificing the simplicity and economy of single chip per segment design.
Bright enough to clearly see 20 feet away. HP's 5082-7750 series
display features the same wide viewing angle, excellent readability and the
same pin configuration as our 0.3 inch 5082-7730 series displays.
Just $3.50 each in 100 quantities*.
Contact Schweber, Hall-Mark or the Wyle Distribution Group for
immediate delivery. Or, write us for more details. This is one
display you won't want to miss.
C.:4C3A
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* Domestic

USA price only.
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PACKARD

Sales and service from 172 offices in 65 countries.
1501 Page 1.4.11 Road

Peo Alto

C.Illorn.9 9430.
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Communications

Germans to start
nationwide paging
Eurobeep paging system can be expanded to cover Europe;
France prepares own system next year, Austria waits in wings
by John Gosch, Frankfurt bureau

Most people have heard an electronic pager—that series of beeps
triggered by a central transmitter
from asmall receiver carried by the
person being summoned. These systems have a short range—within a
hospital, say, or for a dozen or so
city blocks. But a service about to
start in West Germany, France, and
Sweden promise nationwide, or
even Europe-wide, paging.
The German version, called the
European Radio Call Service—or
Eurobeep—will send number-coded
messages to a receiver that can be
removed from its installation in a
car and be carried about. The caller
simply sends the code over regular
phone lines to aradio center where
it is converted for transmission. At
the receiver, the signals trigger a
beeper and one of four signal lights
that direct the person to take aparticular action.
"The hardware for such service
was ready some time ago," says
Günter Strunz, in charge of landmobile services and microwave systems at West Germany's post officerun Telecommunication Engineering Center in Darmstadt. "But there
were some problems relating to interference with radio stations, signal-shadow regions, transmitter-siting, and the like that had to be
ironed out first." With these problems now out of the way, West Germany is moving to provide the nationwide service.
France, which already has citywide radio-call services in Paris and
Lyons, is also expected to start going nationwide next year, Strunz
says. Several other countries, among
them Austria, are very much inter-
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ested in the service and are watching to see how West Germany will
fare.
In Sweden, a system using fm
bands is due to go into operation in
1976. [Electronics, May 24, 1973, p.
57]. The telecommunications board
is designing transmission equipment
and taking bids on a first batch of
1,500 paging units. System details
will be given to companies that
want to make and sell receivers. Interestingly, the authority rejected a
paging system developed by Martin-Marietta because it couldn't
handle 300,000 subscribers.
The Swedish service will have a
unique feature. The caller will dial
the number of apager, then dial in
the number that should be called
back. The subscriber will get abuzz
on his receiver and call a central
number, where a computer-synthesized voice will tell him that number.
The subscriber fee will be about
$50 a year, plus around a nickel a
call. It's hoped that each paging unit
will sell for less than $250.
The German plans provide for
three call regions across the country.
Each will have its own radio center
with a number of transmitters tied
to it. One is already on the air. The
$8 million network, which calls for a
total of 22 transmitters, is scheduled
for completion by the end of 1976.
Hardware. The hardware for the
network comes from the Nürnberg
firm of TeKaDe Felten & Guilleaume Fernmeldeanlagen GmbH
and from Rohde & Schwarz, the big
communications and measuringequipment maker in Munich. TeKaDe, half-owned by Philips Gloei-

Taking It along. Subscriber to Eurobeep
leaves his car, taking receiver with him. It is
mounted beneath dashboard, much like
tape deck, for easy access and removal.
One transmitter is already operating.

Within reach. Motorist stopping for lunch at
one of rest areas along the Autobahn has his
receiver handy. The devices can handle four
messages phoned to a central transmitter
and then digitized.
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lampenfabrieken of the Netherlands, was also the first company to
develop a post office-approved receiver for the new call service.
Sending a message from a telephone is simple. The caller dials the
number of the radio center, then the
code—also termed the radio call
number—assigned to the receiver he

or she wants to address. At the center, the six digits of the radio call
number are temporarily stored and
then converted into a form suitable
for transmission.
The basic receiver version is designed for only one call number, but
other versions can handle as many
as four. These numbers differ only
in their last digit, and each represents a specific message. For example, 452386 may stand for "Cal

THERE'S A SIMPLE REASON
WHY WE TRY TO HELP YOU USE LSI
TO IMPROVE YOUR PRODUCT:

YOU SELL OURS.
When we say we want to help you apply advanced semiconductor
technologies to improve your product, we mean it.
Because we're motivated.
The reason for our incentive is simple: If your product works better
or costs less or becomes more competitive in the marketplace,
it will succeed. And when you succeed, we succeed.
Because you sell our product.
We've built our business by helping manufacturers use
state-of-the-art LSI technologies and processes to extend their own
design and manufacturing capabilities. And our people have the
know-how and track record to do it for you if it can be done.
We've been involved in developing and producing some of the
world's most sophisticated integrated circuits. Like High-Density
CMOS, atechnique using asilicon-gate system of multi-layer
interconnect to optimize the utilization of silicon real estate. And
precision Bipolar ICs incorporating high-value thin-film resistors.
We'd like you to think about your product in our terms. If what
we know could be of benefit, you should know about it—now. Call,
write, or circle reader service number 245 today. We both may
have alot to gain.

WE CAN HELP, TOO.

MICRO POWER SYSTEMS
3100 Alfred Street, Santa Clara, CA 95050, Phone: (408) 247-5350, TWX: 910-338-0154
Japan: Vas Kanazashi, 21 Mori Bldg., 2-2-5 Roppongi, Minato-ku, Tokyo, Phone: 586-0471
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the office," 452387 for "Return to
company headquarters," and
452388 for something else. In the receiver, the number-coded signals
trigger a buzzer and light up one of
four lamps, each denoting a different message.
Strunz is confident that the new
service will be welcomed, especially
by people who spend much time on
the road—traveling salesmen, journalists, country doctors, appliance
repairmen, and the like. A conservative post office forecast puts the
number of subscribers in West Germany at 10,000 within the next
three years. Another pegs it between
20,000 and 30,000 after five years, a
projection based partly on the growing popularity of mobile-communications
systems—automobile-telephone systems, for instance—for
which demand has been rising at
about 24% annually during the last
few years.
Charges. For the subscriber to
Eurobeep, there's a post office
charge of roughly $20 amonth for a
single-code receiver. For each additional code that his receiver can
handle, the fee goes up another $20
so that a four-code unit costs about
$80 a month. The monthly charge
for an internationally used call
number is $30.
These fees sound high until they
are compared with the charges for a
conventional automobile telephone.
In West Germany, that comes to
nearly five times as much—about
$109 a month. The same ratio applies to the hardware—roughly $800
for the TeKaDe receiver versus
$4,000 for an automobile phone system.
For communications authorities,
the big advantage of the new service
is frequency economy. While regular mobile telephone systems tie up
a radio-frequency channel for the
duration of the two-way call, the
transmission of a complete call
number, including the "free-line"
signal, takes only 800 milliseconds.
Thus, Eurobeep occupies a channel
for less than one second.
The TeKaDe-developed receiver,
designated El 1-2, resembles asmall
transistor radio. It can be purchased
or rented. Besides producing and
selling the receiver itself, TeKaDe
also supplies it to AEG-Telefunken
which sells the unit under its label.
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Beeper. Receiver used in Eurobeep paging
system was developed by TeKaDe and is
sold by AEG-Telefunken.

The network's vhf transmitters,
from Rohde & Schwarz, are controlled from the radio centers and
operate between 87.0 and 87.5
megahertz. Their output power is either 0.2 or 2kilowatts, depending on
local requirements. Assigned to
each call region are three carrier frequencies, onto which the audio-frequency-coded call signals are amplitude modulated.
Each receiver in use is assigned a
certain combination of six audiofrequency pulses corresponding to
the six digits of the call number.
These pulses, between 470.8 and
979.8 hertz, are sequentially and
continuously transmitted and evaluated in the receiver's decoder. All
receivers in acall region pick up this
pulse train, but only the receiver
whose address-pulse combination
agrees with that of the one transmitted will be able to respond.
A special receiver feature is that it
automatically monitors signal-field
strength. The receiver sets off an
alarm when the signal strength falls
below acertain level, as can happen
under bridges or in valleys. This
alarm tells the user to either switch
to another channel or to move on to
abetter location.
The alarm is first given by an optical indication that flashes at 1-second intervals for 20 seconds. After
that there's also an acoustical alarm
that sounds at 1-second intervals
and also lasts for 20 seconds. Both
alarms are turned off 3seconds after
the signal strength has reached the
proper level.
Built around integrated monolithic and hybrid circuits, the 780gram receiver is powered by five
batteries for amaximum of 30 hours
of receiver operation.

Electronics/July 11, 1974

ne 12 BT C DAC.,
from
ybrid Systems,
otro
Why Naturally?
We offer the alternative to the cookie-cutter approach to converter fabrication. We laser-trim our
own thin-film nichrome R-2R networks and combine
them with matched monolithic quad switches.
for complete control over accuracy.
IC SIZE: 16 pin DIP compatible. 12 BITS ACCURACY: Atrue 12 bits.
LOW DRIFT: 1PPM/°C linearity. CODE: Inverted offset binary.
READY-TO-USE: Built-in reference, ladder, switches: pretrimmed
output amplifier in the DAC346V-12-BP. RELIABLE: MIL-STD-883
hybrid //circuit processing.
TEMPERATURE RANGE: 0°C to +70°C (Commercial).
HOW TO ORDER: DAC345I-12-BP, Current Out. 16 pin DIP ... $79.
DAC346V-12-BP, Voltage Out, 18 pin DIP ... $89. (Wide temperature
range. hermetic, MIL versions available).
For Fast Action nil'
In USA: (617) 272-1522 (or TWX 710-332-7584).
In Europe: Hybrid Systems GmbH. 61 Darmstadt,
Luisenplatz 4, Germany Tel. 6151-291595.
Hybrid Systems Corporation
Burlington, Massachusetts 01803

Hybrid Systems

CORPORATION
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Announcing
the 21 most
•
logical additions
to the
first family in
CMOS.
From the industry's
most logical
source.
Electronics/July 11,1974

With a30% increase in the
industry's broadest line, the
RCA CD4000 family now provides
greater design flexibility
for awider range of applications.

21 NEW TYPES AVAILABLE NOW.
Gates/Inverters
CD4066
Quad Bilateral Switch
CD4069
Simple Hex Inverter
CD4071
Quad 2-Input OR Gate
CD4072
Dual 4-Input OR Gate
CD4075
Triple 3-Input OR Gate
CD4081
Quad 2-Input AND
Gate
CD4082
Dual 4-Input AND
Gate
CD4073
Triple 3-Input AND
Gate
CD4068
8-Input NAND Gate
CD4078
8-Input NOR Gate

MSI
CD4060
14-Stage
Counter/Oscillator
(Multiple Output)
CD4518
Dual BCD Up Counter
CD4520
Dual Binary Up
Counter
CD4063
4-Bit Magnitude
Comparator
CD4514
4-to-16 Line Decoder
(Outputs High)
CD4515
4-to-16 Line Decoder
(Output Low)
CD4085
Dual 2-Wide 2-Input
And-Or-Invert Gate
CD4086
Expandable 4-Wide
2-InputAnd-Or-Invert
Gate

LSI
CD4059
4-Decade
Divide-By-N Counter
CD4061
256-Bit Static RAM
CD4062
200-Bit Shift Register

•

Our CD4069 gives you aHex inverter
at gate prices. So you can save some
money if you don't need high output
drive current.

And now you have aseries of AND
and OR gates to complement our
NAND and NOR gates.
There's more coming too. Ten of
them, real soon.
All of which goes to prove two important points relative to RCA.

CD4070
CD4093
CD4510
Quad Exclusive OR Gate
Quad NAND
BCD Up/Down Counter
CD4076
Schmitt Trigger
CD4516
Quad D-Type Flip/Flop
CD4527
Binary Up/Down Counter
CD4077
BCD Rate Multiplier CD4528
Quad Exclusive NOR Gate CD4502
Dual Retriggerable/
Strobed Hex Inverter

Our four decade divide-by-N counter
lets you divide by 3to 15,999 in a
single package.

Spend what you save on our new
CD4066 quad bilateral switch which
offers alot lower -on" resistance
than our popular CD4016.

10 NEW TYPES AVAILABLE SOON.

CD4089
Binary Rate Multiplier

Typical access time is 250 nanoseconds. Operating range is from
3to 15 volts.

Resettable Monostable
Multivibrator

Were adding 21 new types to the
standard CMOS family that first
brought you high noise immunity and
low power consumption over awide
operating voltage range.
21 new types in the front-running
CD4000 series the rest of the industry has chosen to second source.
21 new types you told us would give
you wider vistas, and make possible
more cost-effective designs.

The continuing progress of the
people who invented CMOS.
And acontinuing commitment to the
solid state technology that's come on
strong and is here to stay.
With all this behind you, you can
start plugging our new COS/MOS
circuits into your plans. (COS/MOS
is the RCA name for CMOS.) To order samples, contact your nearest
RCA Solid State distributor, call your
RCA field office, or write RCA Solid
State, Section 70G11, Box 3200,
Somerville, N.J. 08876. For information phone Pat Lindblad (201)
722-3200, Ext. 2355.

Solid
RCA State
The first house in CMOS

21 new types from the people who
developed more production capability and delivered more CMOS than
anyone in the industry.
There's a256 bit static RAM that
requires no precharge or refreshing.
What may be even more important to
you is that it requires only microwatts of standby power. Which
makes it ideal when memory protection is important.
Internahonal

RCA Sunoury•on-Tharnes U It
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Straight and narrow. Truck at left skids and jackknifes when entering lane on wet pavement. But
equipped with electronic antiskid controls, truck at right stays within the 12-foot lane.

Automotive electronics

Truck operators fear electronics
Fight to put off use of antiskid controls until devices can be road-tested;
assurances that systems will work leave them unimpressed

"Keep on truckin'," insists the legend emblazoned on T-shirts, sweatshirts, bumper stickers. It's almost as
though the people who came up
with the motto have a message
about electronic antiskid controls
for the operators of America's
heavy-duty trucks, apotential market of $100 million ayear.
Those truckers are trying to hold
off implementation of new safety
regulations for trucks equipped with
air brakes that would in effect require electronic controls to prevent
locking of brakes and skidding. The
American Trucking Association has
been authorized by its executive
board to go to court to seek adelay
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if current negotiations with the National Highway Traffic Safety Administration (NHTsA) don't work
out. The ATA is bargaining for more
time in which to test production
models of new trucks. Partly motivating the association is, of course,
the higher price tags on the trucks
(electronic antiskid would add an
estimated $100 per axle to the cost;
total cost of all new safety requirements would be $500 to $1,500 per
truck). But the overriding consideration is fear that the electronics won't
work.
The new regulations, embodied in
Motor Vehicle Safety Standard 121,
and due to take effect March 1, set

minimum stopping distances and require trucks to stop within a12-footwide lane. This means much larger
brakes—so large that Standard 121,
although it never mentions electronics, makes electronic antiskid controls mandatory. An electromagnetic pickup on each wheel senses
speed, a computer determines
whether safe operating conditions
are being met, and a controller
opens or closes the brake's air line.
The ATA'S position is one of wariness about electronics. Assurances
from the half-dozen or so companies making axles that the new
system is safe leave the group less
than assured. "We have had that
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kind of thing before, and the product hasn't come through," says Lew
Kibbee, the ATA's director of automotive engineering. Kibbee hastens to explain that the ATA is not
against Standard 121. "We've been
an advocate of 121 safety requirements for a long time. The association doesn't want to delay safety
regulations—just take the bugs out."
Kibbee emphasizes that without
electronic controls for the new, big
front brakes, the ATA would have
been against 121. It's just that prototypes didn't work to the satisfaction of the association and that
members would be buying "apig in
a poke" if it purchased 121equipped trucks without first testing
them.
Kibbee and his group suggest that
if all models come out equipped for
121 compliance, the ATA be allowed
to modify (for "modify" read "disconnect") all electronics until the
units have been road-tested by ATA
personnel and users. The alternative, fears Kibbee, is that the electronic controls would be "mothered" by manufacturers' engineers
to prove their efficacy.
Jitters. Meanwhile, truck manufacturers White, Ford, and General
Motors have been telling truckers
about what they see as the dangers
inherent in 121, including failure of
electronics. "Ford got out a film
[on antiskid] that scared the bejesus
out of our truckers," says Kibbee.
Meanwhile, in Washington, the
NHTSA, apart of the Department of
Transportation, calls the ATA's position the result of a"misconception"
about the reliability of the brake
systems. The administration's Sid
Williams says the position is based
on performance of prototypes that
failed "because of people and design errors. The systems were added
to existing wheels and axles" and
consequently were exposed to
weather and abnormal wear. "Production systems will be reliable," he
says, because they will be designed
into the truck, rather than be added
on."
Confident. Williams admits that it
would be possible for the agency to
postpone compliance or "offer concessions" to truck makers if the systems were proved unreliable. However, he adds, "I don't see that
happening. I think they are re-
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liable." The last postponement of
the regulation—from September
1974 [Electronics, May 10, 1973, p.
70]—was due to shortages of axle
materials.
What about the manufacturers of
the axles? The Rockwell-Standard
division of Rockwell International,
which claims to make 70% of the
axles installed on the big trucks, is
adamant. Beginning this November,
says a spokesman, Rockwell won't
even make axles that don't conform
to 121—that's how convinced the
company is that the electronic controls will do the job and do it well.
Another big maker, Kelsey-Hayes
Corp., won't even discuss the controversy. But some indications of its
position may be gathered by noting
that a year ago, Kelsey-Hayes already had some 5,000 of its Computer Brake Control axle sets installed as optional equipment.
In addition to Rockwell-Standard
and Kelsey-Hayes, companies with
a stake in the adaptive-braking
business are Bendix-Westinghouse's
Air Brake division, Eaton Corp.'s
Brake division, Wagner Electric
Corp.'s Automotive Products division, and B.F. Goodrich Co. In Europe, there is activity at Fiat, Daimler-Benz, and Robert Bosch.
Rockwell's system, Skid-Trol, is
all digital and uses mos large-scale
integration. Other systems range
from all-analog (Eaton) to Bendix'
combination analog-digital. Truck
manufacturers like the analog approach because they say it will be
easier to modify over the first few
years of use. Rockwell, however,
points out that its system can be
changed as easily, simply by altering the programing of the mos
chip's read-only memory.
But truckers couldn't care less if
their braking systems are analog,
digital, mos, or whatever. Their concern is about what happens when
the electronics stops working—not
"if' but "when"—because they have
heard, seen, or read the scare stories. As one observer who is close to
the trucking industry points out: "It
isn't enough to say that afront-axle
failure of the braking systems simply returns control to the driver as
before. With these big, new brakes,
the driver won't be able to control
his truck if he has to put his foot in
the hole."

MONOLITHIC CRYSTAL FILTERS

tee
State
of Llie
flit
SAVING ENERGY
It's an important topic these days.
Especially to the communications industry. In almost every field, better
communications means energy saved.
As the cost of energy increases, so
does the challenge to provide more
and better communications equipment and systems.
Our company is involved in only a
small area of communications —
monolithic and tandem monolithic
crystal filters. But, we see our responsibility in the total order of
things. Whether it's reliable delivery
of parts or production prototypes for
your next generation of equipment,
we're ready to help you save energy
for everyone.
SPEAKING TO THE DEAF
Our monolithics find their way into
some fascinating and unusual applications. For instance — a narrowband FM system which allows children with severely impaired hearing
to participate in normal classroom
activities. One of the requirements
of the system was that both the
students' receivers and the teacher's
transmitter allow unhindered movement by the wearer. Another was
freedom from interference, including
interference from other systems in
nearby classrooms. Cost was also an
important factor. One of our standard 10.7 MHz tandem monolithic
crystal filters in each receiver takes
care of the interference. Its size is
consistent with the needs of the
wearer. Its cost is consistent with
educational budgets.
What's your production application?
Talk with us about it. We may be
able to help. And if your interests
include teaching the deaf, we'd be
happy to put you in touch with the
manufacturer of this equipment.

Pit

Piezo Technology Inc.
2400 Dlyersdled Way

Orlando

Honda 32804

305 425 1574

, The Standard in monolithic crystal filters.
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E-H MODULES FOR SYSTEMS APPLICATIONS
Building the solution to your measurement problems.

•)
I

Whether you need one meas-

Among the programmable instruments E-H has

urement instrument for your

developed and field-proven for systems use are

systems application or acom-

lines of single-shot measurement modules, word

plete turnkey systems instal-

generators, digitizing, and storage modules.

lation—E-H can help. E-H has

Send for the E-H brochure that has information

more experience in building

about modules for systems applications. It will

modules for systems applications

han any other instrument manufacturer.

help give you a solution to your systems applications problems.

E-H pioneered the development of modular, programmable systems elements in 1964 and began
building complete test systems in 1967.
Need a programmable pulse generator for an
in-house design system? We have eight to choose
from, and we'll help you analyze which one is best
for your application. E-H is known as the world's
leading manufacturer of pulse generators.
Looking

for single-shot

measurement tech-

niques? E-H opened a new era of single-shot
time measurements in 1963 with their Model 142
switching time converter. It's the solution to the
problem of making switching time measurements
in the sub-nanosecond to one microsecond region
in automatic test systems.
Our Model 153 strobing voltmeter makes voltage measurements on fast waveforms at precisely
located points in time.
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E-H Research
Laboratories, Inc.
515-11th Street, Box 1289
Oakland, California 94604
(415) 834-3030
European subsidiary:
P.O. Box 1018, Eindhoven, The Netherlands, (040) 433704
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Consumer electronics

See the cable adapter on the TV set?
Well, you may not need one within two or three years because an EIA
panel has written standards for cable-compatible receivers
by Ray Connolly, Washington bureau manager

The adapter atop the TV set that
hooks it to the cable may become a
memory—as will the cost of installing
and maintaining it—if a new set of
standards is adopted. The standards,
for cable-compatible receivers, are
close to approval by the Electronic
Industries Association's Cable Television Systems Committee. TVs would
cost $21 to $28 more to receive 28
channels.
While the proposed standards
have a long and possibly tortuous
road to travel before final specifications are adopted by the Federal
Communications Commission, the
EIA committee proposal represents
the first step toward evolution of a
national standard for a cable-compatible receiver. The CTSC is ajoint
undertaking of two EIA entities: the
Consumer Electronics Group, made
up principally of TV-receiver and
components manufacturers, and the
Communications division's broadband communications section, representing CATV-equipment makers
and cable-system operators. Committee chairman is Howard Head of
A. D. Ring & Associates, Washington-based consulting engineers and
representatives of the Association
of Maximum Service Telecasters.
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Penetration of new cable-compatible receiver models "could begin
within two years," Head's committee estimates. But that's only if
industry review of the proposal and
FCC approval is achieved in one to
two years and manufacturers develop and promote new models in
one to five years. That's "too optimistic," say several industry sources,
who forecast alead time of at least
three years.
To get air and cable broadcasting
on the same tuner, the EIA committee proposes to get 28 channels
by allocating vhf channels 2through
13 to air and/or general-purpose
cable, by restricting uhf channels 14
through 83 to over-the-air broadcasting, and then, as channels 2
through 13 are filled, by giving
cablecasters the midband channels
84 through 91 and superband 92
through 99. "This plan," the draft
proposal points out, "permits a
maximum of 28 general-purpose
CATV channels per cable, but places
no restraints on other cable services
added by any means." The FCC order calls for aminimum of 20 cable
channels in the top 100 U.S. markets.
The proposal is likely to be modi-

fied in the process of adoption by
the members of the EIA's Consumer
division and broadband section
later this year, even though the
committee includes representatives
of the leading cable operators and
makers of sets and tuners. But the
committee contends that assigning
the midband and superband channels to cable should eliminate the
problems created for cable operators by the need for acable-system
converter for each receiver.
Redesign. Of the "substantial
problems" confronting the Head
committee in developing its specifications, the chairman called for the
development of a means of "minimizing on-channel interference in
the presence of strong signals off the
air." The most practical way of
doing this—providing ashield of the
cable drop to the chassis of the receiver tuner—is complicated by the
problems associated with small receivers. Some 65% of the 17 million
sets sold annually are those with 19inch or smaller screens, and these
are line-connected models where the
chassis is at a 60-hertz ac potential
with respect to ground.
Chairman Head says the committee believes this problem can be
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Fully Automatic Cable Tie
Installation Tool
Automatically feeds cable tie around bundle, tensions
the tie, and cuts off flush — all in less than 1 second
• PAT1M tool weighs just 1-3/4 lbs. —

a fraction of

competitive tools — and is sized to fit operator's hand
Ill Separate dispenser unit can be placed out of
the way; holds 100 ties, twice the capacity of
competitive units IM One-piece, all-nylon
PAN-TY® ties meet MIL. STD. MS3367-4,
accommodate bundles from 1/16"
to 3/4" dia.

Ask for
free bulletin,
demonstration, lease arrangements
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Tinley Park, III. 60477
Phone: (312) 532-1800
In Canada: Panduit (Canada) Limited
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EPDXY BRIDGE RECTIFIERS

Economical
Reliable
Easy to mount

10 AMP

2 & 6 AMP

1 AMP

Controlled avalanche series with 250 V, 450 V, 650 V,and 850 V min.
(V.). Fast recovery series with 200 nsec. (t„). 10 A EBR has bonded
metal-to-ceramic substrate for electrical isolation with exposed
copper mounting pad for low circuit-junction-to-heat-sink thermal
impedance. Complete series includes: 1A, 2A, 6A, & 10A (lo),
and 50 V, 100 V, 200 V, 400 V, 600 V & 800 V (V.).
10A, 200V

$1.65 ea. (1000 qnty.)
Design us in — We'll stay there

VARO

VARO SEMICONDUCTOR, INC.
P.O. BOX 676,

1000 N. SHILOH, GARLAND, TEX. 75040, 214/272-4551, TY« 910-860-5178

Distributed by:
ALLIED ELECTRONICS, Chicago, III. 312/421-2400. THE ALTAIR CO., Houston, Tex. 731/781-5300;
Richardson, Tex. 214/231-5166. BELL INDUSTRIES, Sunnyvale, Cal. 408/734-8570; Skokie, Ill.
312/965-7500; Bellevue, Wash. 206/747-1515. CRAMER ELECTRONICS, Nationwide, Newton,
Mass. 617/969-7700; MILGFtAY ELECTRONICS, Nationwide, Freeport, N. Y. 516/546-6000; Hyattsville, Md. 301/864-1111; Cherry Hill, N. J. 609/424-1300. WESTATES ELECTRONICS, Chatsworth,
Calif. 213/341-4411.
In Canada:

resolved by "a redesign of the receiver power supply to incorporate a
transformer." Shifting the power
supply to a transformer design, the
committee notes, adds to complexity
and cost.
The many other engineering
problems required tradeoffs in several areas, according to the committee draft. Key problem areas
identified by the committee and its
comments on them include the following:
• Other interference. The frequency
bands used for cable by nonbroadcast carriage make a receiver susceptible to local-oscillator leakage
from other receivers connected to
the cable. This energy leakage interferes with the image and must be
limited at the receiver's cable-input
terminal. The isolation between
cable drops must also be adequate,
and receiver image rejection must
be high, while cable systems must
limit signal levels at image frequencies.
• Tuners. The size limitations of
electromechanical vhf tuners—
which account for about 90% of the
market—become a problem as soon
as their capability is increased beyond the 12 vhf channels. Not only
is cost increased, but cabinets of
smaller receivers set apractical limit
of 20 channels, the minimum required by the FCC. The committee
uses up this leeway by adding eight
midband cable channels to the
tuner. As for the remaining eight superband channels, the committee
proposes that addition of these be
optional with each receiver manufacturer. However, all these eight
are "general-purpose" cable channels, as distinguished from "specialpurpose" channels.
Why did the EIA committee limit
itself to electromechanical tuners,
rather than the more modern varactor tuner? It concedes that the size
of a varactor tuner would not be
radically affected by expanded
cATv-channel coverage. But it notes
that for coverage beyond 20 vhf
channels, there is a need for "increasing the present two-band vhf
varactor to a three-band concept."
And three-band varactor tuning is
not yet available.
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The $100,000
control sub-assembly!

A case for conducting your own "make or buy" analysis.
Initially, there may be no question
about producing the control assemblies
for your products in-house.
However, acareful "make or buy"
analysis could save your company
thousands of dollars.

Special test equipment, jigs,
fixtures, and machinery can represent
asizable capital investment. The
extra costs of procuring, warehousing
and controlling an extra inventory of
parts and materials should be apart of
your cost analysis. Floor space, too, is
avery important consideration. When
all costs are included, you could have
$100,000 invested before you produce
that first assembly.

Personnel—training, supervision,
FICA, Workmen's Compensation, and
many other contingent expenses—can
contribute substantially to the cost of
each unit you produce.
At Potter & Brumfield, we make
thousands of control assemblies every
month. We have the necessary people,
equipment and test gear to produce
your assemblies right and on time.

Also, we normally purchase the
components we do not manufacture
at maximum quantity discounts. Right
there, the opportunities for savings
are obvious.

Make arealistic analysis of all
costs associated with your control
assembly. Then, call us for aquotation.
We think we can save you money.
Perhaps lots of it.
Today, get in touch with your local
P&B representative or call
Potter & Brumfield Division of
AMF Incorporated, Princeton,
Indiana 47670. 812 385 5251.

Potter 8t Brumfield
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Dialight
sees aneed:

(Need: Single source supply for all indicator lights.)

See Dialight.

INCANDESCENT OR NEON MINIATURE AND LARGE INDICATORS
Designed to accommodate either incandescent (2-250V) or neon (105finishes and terminations. Many lenses may be hot stamped, engraved or
250V) lamps for panel mounting in 11/16" or 1" clearance holes. Units
offered with film legend discs. Oil-tight units with unique "0" ring
meet or exceed MIL-L-3661 requirements; all are listed in Underwriter's
construction make them oil, water and dust tight on the face of the
Recognized Components Index. Wide selection of lens shapes, colors,
panel. Available off the shelf for prompt delivery.

1)/ALIGHT

Dialight, A North American Philips Company
203 Harrison Place, Brooklyn, N. Y. 11237 (212) 497-7600
SEND ME FREE INDICATOR LIGHT PRODUCT SELECTOR GUIDE.
LED, INCANDESCENT OR NEON ULTRA-MINIATURE DATALITEV-e
Meet or exceed MIL-L-3661.Replaceable plug-in cartridges for 1.35-125V
operation. Indicators mount as close as 1/2" centers; available with red,
green, amber, blue, white translucent, light yellow or colorless lenses in
wide range of lens shapes, legends and finishes. Off-the-shelf.

INCANDESCENT OR NEON SUB-MINIATURE INDICATORS
Meet or exceed MIL-L-3661. Mounts in 15/32", 1/2" or 17/32" clearance
holes. Incandescent for 1.35-28V; neon has patented built-in current
limiting resistor. Choice of cylindrical, faceted, convex, flat, square and
round lens shapes, colors, finishes, legends. Off-the-shelf.
Circle 80 on reader service card

Diverse industry users
clamber aboard the
microprocessor bandwagon
LSI processors are not only expanding
capabilities of traditional products
—from instruments to consumer wares—
they're also creating completely new markets

CONTENTS:
Industrial, 83
Communications, 88
Consumer/Commercial, 92
Computers, 96
Instruments, 99
Design, 103
Processors and profits, 105
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E Industrial-equipment designers like them because they can be tailored economically to bring computer capability to jobs where minicomputers represent overkill.
Communications-gear designers are enthusiastic because their
flexibility can solve problems presented by the ever-changing multiplex and modem specifications.
Instrument designers are looking forward to making them the basis
of families of "smart" instruments that can evaluate data and react
accordingly, without boosting instrument costs significantly. And
even computer manufacturers are eyeing them as perfect companions to their TTL-based central-processor modules.
It's no wonder, then, that microprocessors are engaging the atfention of equipment designers of all persuasions and manufacturers
from a wide variety of industries. As a result, the growth of microprocessors is projected to leap from last year's $10 million to $800
million in the next five years. More dramatic yet will be the increase in
the value of new end equipment built around Lsi processors, expected to exceed astaggering $10 to $15 billion ayear by the end of
the same period.
What has caused the sudden microprocessor boom? Simply
stated, Lsi technology has reached the level of sophistication where it
can provide the logic and memory performance needed to perform a
growing number of computer functions at low cost. Programable Ls
circuits—the calculator was the first—combine the flexibility of custom design with the cost advantages of readily available standard
products. The user can change his design or add features to it
merely by changing a program in a read-only memory. No mask
changes are needed. And he is saving money by replacing many
dozens of logic packages with afew Ls chips.
Impressive as today's microprocessors are, they are only the most
visible aspect of what is clearly becoming an Lsi-processor revolution
that will completely change computer and computer-control design.
Today's Lsi processors are at the capability level of the small and notso-small computer. But more powerful Ls-processor and computercomponent chips that are now starting to appear far exceed the requirements of today's microcomputer applications.
Built with bipolar and improved mos techniques, these faster and
more complex components go to the heart of minicomputer-based
systems, nourishing more and more equipment-design applications.
These are the Lsi programable chips computer manufacturers themselves have been waiting for. At last, the full benefits of Ls programable technology can be applied to the large computer, ushering in a
new era of high-performance computer control at lower cost.
These articles bring together the experiences of the first microprocessor users—the promises and problems of designing with this
powerful technique. The entire range of electronic-equipment designs has been researched—industrial, communications, consumer,
commercial, instrumentation, and computer technology. Included
are details on such varied systems as process and numerical controllers, word processors, data loggers, communications controllers, intelligent terminals, point-of-sale systems, games, toys, advanced calculators, self-calibrating instruments, automobile controls, and all the
rest.
Also included is a section that contains tips on software and design aids. Finally, Bill Davidow, manager of microcomputer systems
for Intel Corp., adds up the design advantages of microprocessorbased systems to show their impact where it counts most—on the
bottom line.
—Laurence Altman, Senior Editor
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Industrial
Automatic control proliferates
by Alfred I. Rosenblatt, Associate Editor

"The microprocessor is going to set the industrial-equipment marketplace on its ear. The technology will never
be the same again." That opinion was expressed by a
market planner at asemiconductor house developing a
microprocessor-chip set for one of the manufacturers of
process-control instrumentation. The prediction is
borne out by developments in the industrial marketplace. What's more, prospects for dramatic improvements are as bright for piece-parts manufacturing as for
process control.
Although less than three years old, microprocessors are
already finding their way into ahost of new industrial
equipment—factory-automation systems, machine-tool
control, data-acquisition systems for such jobs as monitoring apportionment of meat for hamburgers, electronic scales, control of conveyor lines, numerical control, robot manipulation of piece parts, data-sensing,
and component-insertion. They are also being used for
environmental monitoring and phototypesetting.
These microprocessor-based systems offer the flexibility to adapt manufacturing systems to changing demands and upgrade them as production expands. All
that is necessary is for chips containing new instructions
to be inserted when peripherals are changed, equipment
is added, or the system itself is modified. Changes and
modifications are much more difficult when conventional hard-wired circuitry must be replaced.
What's more, manufacturers are happy about decreases in manufacturing costs that result when a relatively few microprocessor chips replace tens of discrete
ssi and Ms! circuits. Not only are fewer components required, but the microprocessor obviates the necessity to
fabricate many more components manually into hardwired logic arrays and insert these boards into the control systems. However, where speed is critical, hardwired designs may do better for some time to come.
As the capabilities of microprocessors are expanded,
they are taking over many of the tasks—at apleasant reduction of costs—previously performed by minicomputers, but for which aconsiderable amount of the
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power of minicomputers is wasted. Replacing the purchased minicomputers may also increase the amount of
value added for a manufacturer in his final product
with aconsequent increase in profits.
Taking over the factory
The availability of powerful low-cost microprocessors
is also hastening the transition to the efficient distribution of computer power through employment of hierarchical computer systems in factories. The microprocessors and microcomputers perform dedicated tasks
under the control of minicomputers, and the entire
complex is tied in to large central computer systems.
What's more, the microprocessor is making it possible
for manufacturers of process-control equipment and
systems virtually to go into computer-manufacturing.
Bruce H. Baldridge, director of corporate marketing
and product planning at Foxboro Corp., Foxboro,
Mass., points out that microprocessors are going to seriously influence the make-or-buy decision so that "a
company like Foxboro could buy amicro chip, put it on
a board, and it would be putting us in the computermanufacturing business without the expense of getting
deeply involved in the technology."
The importance of the microprocessor to industry is
summed up by Edwin Lee, president of Pro-Log Corp.,
aMonterey, Calif., systems-design firm that also offers a
line of microprocessor modules, "Within 12 to 18
months, anyone who hasn't incorporated a microprocessor in his design will either be serving avery special application or he's going to be very uncompetitive,
as far as hardware is concerned."
Another consultant calls this "an explosive situation—
anything that's cheap and reasonably powerful changes
things. Anyone doing anything with hard-wired electronics who doesn't look at and consider microprocessors is making abig mistake."
A recently completed study on factory automation by
Quantum Science Corp., aNew York-based industrialresearch company, estimates that by 1984, industry will
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APPLICATION OF MICROCOMPUTERS TO FACTORY AUTOMATION
Machine tool
control
(units/year)

Robots
(units/year)

Product
testing
(units/year)

Facilities
monitoring
(units/year)

Total
cost

1974

300

10

300

150

760 @S1,000
each avg.

1979

3,400

2,850

500

300

7,050 @ S400
each avg.

1984

7.
000

14,000

1,000

600

23,400 @S300
each avg.

Estimates courtesy of Quantum Science Corp.

be buying 27,300 microcomputers ayear at an average
price of $300 each. Accumulated over the years, these
numbers will have an incredible effect on the factory's
operation, increasing the efficiency and cost-effectiveness of production. The average unit price today is
$1,000 according to the Quantum Science study.
Perhaps most unusual is Quantum's prediction that
programable manipulators, or robots, will mushroom
with the aid of microcomputers from 10 units installed
in 1974 to 14,000 a year by 1984. About half that
many-7,800 a year—are expected to be used for machine-tool control, a mammoth increase from the
present base of 300 ayear. And about 3,900 new microprocessors a year are predicted to handle communications between the various tools and computers in another 10 years, whereas now only 50 units a year are
now being sold for that purpose. Product-testing is expected to account for 1,000 units per year by 1984—
more than athree fold increase—and facilities-monitoring will rise to 600 ayear—a four fold increase.
Perhaps the earliest to recognize the potential of the
new microprocessors were manufacturers of industrialcontrol equipment. For example, Comstar Corp., Minneapolis, first started using microprocessors two and a
half years ago, and now it has more than 700 microcomputers installed. Applications include assembly-machine control, automatic weighing and batching

tems, materials-handling systems, remote monitoring
and control, data entry, and automobile-traffic control.
One particularly strong market for the microprocessors is in materials-handling. For Beatrice Foods'
new frozen-food warehouse in Chicago, for example,
Comstar has installed six microprocessor systems. Each
controls 50 motors in anetwork of more than 300 conveyors that transport boxes from the freezer to trucks.
On the way, they go through sorters, convergers, divergers, and conveyor-belt changes, but the controller
keeps track of every box for its entire trip.
"In earlier warehouses, Beatrice used electromechanical-relay control, with limit switches for actuation," says
Tom Walstrom, regional sales manager for Comstar.
"Something like our system could have been designed
and built with relays, but it might never have worked. It
would have been too complex to be practical and much
too large to maintain."
Numerical controllers gain
For several reasons, microprocessors also have an excellent potential for being built into stand-alone numerical controllers for machine tools, which are now
fabricated with hard-wired logic. Microprocessors can
sharply reduce the component count in the controllers
while offering easy modifications of programs and functions, which are now possible only with much more expensive systems built around minicomputers.
Although the major N/C suppliers like Allen-Bradley
Co., Bendix Corp., and Cincinnati Milacron Co. aren't
saying much about their interest in microprocessors,
smaller companies and even newcomers to the field,
with little or no product base and inventory to worry
about, may jump in. General Electric Co., the largest
N/C supplier, only last month announced that it had begun using amicroprocessor in one of its numerical controllers.
One newcomer is Cambridge Thermionic Corp.,
Cambridge, Mass., a manufacturer of IC sockets and
terminals. But rather than compete head-on with the giants, Cambion's recently introduced PMC-1 microcomputer numerical control is aimed at applications
that may have been too expensive for N/C until now,
says Lyndon Wilkes of the N/C marketing group. The
PMC-1, which operates point to point, rather than on a
continuous path, is aimed at simple positioning for such
applications as insertion, wire-wrapping, and machines
for drilling printed-circuit boards. In its open-loop configuration, it can position atool to within .001 inch.
Price of the unit is less than $4,000, including the controller, which is built around the Intel 4-bit MCS-4 microprocessor set, plus atwo-axis motor drive and astepping power supply. The price is about $1,000 less than
the lowest-priced hard-wired controller available, asserts Wilkes.
Manipulating the controls
As indicated in the block diagram, the control and
arithmetic units in the Intel 4004 chip allow the CPU to
acquire and manipulate control logic and data from the
memory sections of the microcomputer and generate
the outputs called for in the parts-making program.
Control programs containing the logic which, in con-
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ventional N/CS is hard-wired, is stored in read-only
memory. The ROM controls interfacing for amaximum
of 32 inputs and outputs. In addition, the ROM section
contains the microprograms and data tables that the
central processor must execute to control the tool. The
unit can accommodate a maximum of six ROMS, each
containing 256 by 8bits, or programable Roms, if field
programability is desired.
A random-access memory—there can be amaximum
of four devices, each containing 256 by 8bits—serves as
ascratchpad for the central processor. The RAM temporarily stores and releases data and instructions needed
on apriority basis by the CPU as it executes the control
programs stored in ROM. The parts-making programs
themselves are written by the user, just as for a hardwired controller. Then they're entered into the controller via punched-paper tape. For production runs, however, these programs could also be stored in aprogramable ROM.
Likewise, the ROM output interface controls the dispatch of signals to the X- and Y-axis motor drivers and
the display readouts. RAM storage controls output to the
tools and tape-reader motor. An automatic reset clears
the CPU and RAM, resetting the system back to microprogram step one. A two-phase clock circuit provides
the timing signals needed by the CPU.
Other components of the system include a ROM input-control interface that monitors inputs from controlpanel switches, apaper-tape reader, tool feedback, and
an X-Y jog-select mode.
All active components in the control section are contained on a single plug-in printed-circuit board—a decided advantage for maintenance and trouble-shooting,
points out applications engineer Howard Atwood.
Moreover, because the control has fewer parts, Atwood
says the company can deliver a unit in one month or
even two weeks, as opposed to the three to six months it
would take to put ahard-wired control together.
Bending metal
A microprocessor-based system also controls ametalstretching and bending press designed by Varitel Inc.,
Beverly Hills, Calif. About as large as a good-sized
room, these giant machines have generally not been
amenable to control by off-the-shelf numerical controllers, as have other machine tools, because of the great
differences in their design caused by the spread in the
size and type of parts they are called upon to fabricate.
Hard-wired logic systems are generally used, and each
press requires acustom-designed controller.
Although custom designing is still aproblem, Varitel
president Bruce Gladstone estimates that use of microprocessors can cut design time to athird or even aquarter of the time required to program a hard-wired system. To program the National Semiconductor IMP-16
card used by Varitel, the operator first bends the metal
by manual controls. Two angular and two linear multiplexed analog-to-digital converters transmit to a tape
cassette the amount of stretch and other factors involved in making the bend. The operator can edit the
information as he goes.
When the information on the cassette proves to be accurate, it is transferred to the IMP-16's on-board
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erasablé RAM. The RAM'S capacity of 256 by 16 bits is
adequate to provide 12-bit accuracy, achieved through
two digital-to-analog converters that drive linear servos.
As an added benefit, Varitel provides asmall panel that
plugs into one of the IMP-16 slots for servicing and
troubleshooting. The panel contains its own memory.
The new microprocessors could also affect the design
of programable controllers, which are themselves solidstate replacements for hard-wired banks of electromechanical relay logic. The present solid-state designs are
also hard-wired and hence would be excellent candidates to be replaced by microprocessors.
But because of the many inputs derived from the assembly-line machines being controlled, present CPU
speeds are generally too slow, says senior systems engineer Ronald D. Malcolm at Modicon Corp., Andover,
Mass. Hard-wired designs will offer as fast or faster processing speeds for some time to come, but the microprocessors could allow more features to be added at
lower cost, says Malcolm.
In addition, the microprocessors shorten design time
"a great deal," he adds, as well as reduce the physical
size, power-supply requirements, and cost. However, for
use in its larger controllers, Modicon is considering a
16-bit bipolar monolithic microprocessor with a 150nanosecond microinstruction time that is being sampled
by Monolithic Memories.
And Modicon, a pioneer in programable controllers,
has already applied microprocessor technology to peripheral products. For example, Intel's MCS-4 set is designed into the P-500 impact printer introduced last
winter, as well as the manually operated programing
panel for its smallest controller, thereby speeding up the
panel's response time.
Controlling traffic
One of the greatest potential applications of microprocessors is to control street traffic. Indeed, Multisonics
Corp. of San Ramon, Calif., with 10 years of experience
in this application, predicts that intersection-control systems constitute the wave of the future for microprocessors.
Tom Seabury, chief engineer, points out that controllers can be designed for each intersection's needs.
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CONTROL PANEL SWITCHES

TOOL FEEDBACK

.•••••

PAPER TAPE READER INPUT

X-Y JOG SELECT INPUT

READ-ONLY MEMORY INPUT CONTROL INTERFACE
132 INPUTS: 8BY 4.B(T PORTS)

CPU

2PHASE
CLOCK
CIRCUIT

INTEL-4004
COMPUTER INSTRUCTIONS AND
ASSOCIATED CONTROL AND EXECUTION
(SOFTWARE CO ORDINATION)
AUTO
RESET

READ ONLY MEMORY OUTPUT CONTROL INTERFACE
(32 OUTPUTS)
ROM

X AND Y MOTOR DRIVES

OTHER MISCELLANEOUS
OUTPUTS

DISPLAY READOUT CONTROLS

TEMPORARY RAM STORAGE
REGISTERS

TOOL OUTPUT
CONTROL

TAPE READER
MOTOR CONTROL

1. Numerical control. An Intel 4004 microprocessor chip is at the center of the PMC-1 point-to-point numerical-control system introduced
by Cambridge Thermionic Corp., Cambridge, Md. Programs can be changed simply by plugging in new read-only-memory chips.

"Some traffic schemes, for example, require that all vehicles stop while pedestrians cross in a'scramble' fashion," he says. "The conventional random-logic controllers need wiring changes to allow this, while with the
microprocessor, all we have to do is plug in adifferent
ROM package."
Seabury says the microprocessor is ideal for the
stand-alone intelligent intersection controller. Minicomputers, the other alternative to hard-wiring, provide
power that is wasted in such a dedicated application,
and they are unable to withstand the severe environmental conditions without major design modifications.
The switch to microprocessors is coming at a time
when hard-wired controllers had begun to supersede
electromechanical controllers, which have synchronous
motors that turn switch drums to operate the signal
lights. Now, in replacing the hard-wired controllers, the
number of ics has been reduced by at least 60%—from
between 500 and 600 to about 100. The company's
model 901 controller uses only 50 watts of input power,
weighs only 41 pounds, and measures only 17 by 17 by
9inches. Standard hard-wired models use about 200 w,
weigh about 80 pounds, and are twice as big.
The model 901 uses the Intel 8008 as its CPU. Multisonics designers first built their systems with the Intel
4004 microprocessor chip as asubstitute for drift-prone
analog timing circuits. But this 4-bit chip was small, had
limited memory capability, and had no instruction-interrupt or capability for single-step instructions. When
the 8008 became available, the designers shifted to it.
Also making traffic-signal controls, Comstar is teaming with TRW Systems, Houston, on acontract for 1,000
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microcomputers for the city of Baltimore.
Microprocessors are also providing information to
help humans improve the quality of the earth's environment. In one application, microprocessors are being installed in remote data-gathering stations that are keeping tabs on such conditions as water and air quality at
sites proposed for nuclear-power plants.
Watching the environment
By preprocessing data and determining right at the
remote site whether or not it falls within certain preset
limits, "we can economize greatly on data-transmission
costs because we send back only important data," explains Melvin Couchman, director of marketing and
planning for NUS Corp., Rockville, Md. Ordinarily, as
many as ahalf dozen remote stations are tied to acentral data-gathering station via telephone lines. In addition to screening out unnecessary and redundant data,
the microprocessor-based systems can also run calibration and diagnostic tests of the remote instrumentation
to determine whether or not it's functioning properly, a
task that might otherwise have to be handled from the
central site.
The new systems, built around Computer Automation's LSI-2 unit, also cost less than if they'd been built
with hard-wired logic, Couchman points out. But even
more important is the capability of programing the microprocessor to tailor the operation of each remote station to specific requirements. "We just change the programable ROM in the field with a new program, or we
put in a read/write memory and use the same basic
physical hardware," says Couchman. "It would be
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much more complicated to change hard-wired logic."
Other types of data-acquisition systems are also feeling the effect of microprocessors. Quindar Electronics
Corp., Springfield, N.J., has expanded the capabilities
of its system, which is designed to monitor the operation
of utilities, partially process the data, and send necessary information to the central computer [Electronics,
May 30, p. 34]. Process Computer Systems Corp., Ann
Arbor, Mich., has designed a system that monitors
torque applied to fasteners on an auto assembly line
[Electronics, June 13, p. 42].
Another company, Doric Scientific Corp., San Diego,
Calif., has introduced a new data-monitoring system
that not only sharply expands the number of monitored
points—to as many as 1,000, an order of magnitude increase over the capacity of an earlier hard-wired unit—
but also increases the kinds of parameters that can be
monitored. Doric's new microprocessor-based Digitrend
220 monitors and records dc voltages and currents, as
well as thermocouple outputs, in such diverse areas as
the textile, petrochemical and pulp and paper industries.
The system handles as many as six different types of
functional ranges at a time— double the capacity of ROM, and RAM, an input bus, and printer and teletypewriter interfaces.
Doric's hard-wired Digitrend 210. Moreover, with room
Not only is Varityper able to add processing capabilifor plug-in interfaces, it can send this data out to as
ties to its top-of-the-line phototypesetter that sells for
many as four separate peripheral recording or transsome $15,500, but processing can be included in lowermission devices, such as magnetic-tape recorders or teletypewriters. In contrast, the Digitrend 210 handles but a end products as well. In the past year, the company has
introduced aphototypesetting controller called the Amsingle peripheral.
trol, built around the Intel 8008. The results couldn't
Doric relies on an Intel 8008, with as many as three
have made management happier. Varityper engineers
PROMs, four ROMs, and two RAMS in a bus-organized
have built afamily of 16 standard plug-in modules that
structure. The memories contain input instructions for
they can just about pull off the shelf and apply to new
handling data, coefficients for linearizing the nonlinear
products as they're needed.
thermocouple inputs, for scaling, for reading out meaThis summer, for example, the company will introsurements directly in both the fahrenheit and celsius
duce acomposition machine that will sell for less than
scales, for limiting alarms, and scratchpad memory for
$10,000, yet have decision-making capability. This
aiding in linearization and formatting.
could never have been accomplished at such alow price
The new unit was designed to do more than its hardwith the special-purpose minicomputer that Varityper
wired predecessor, but comparable configurations
had been buying since 1969. The old mini was
would cost 25% more, admits chief engineer Freeman
"markedly" more expensive than even the full Amtrol
Rose. However, it performs all its functions in just
controller, and the modular family enables Varityper to
about the same space as its predecessor.
Moreover, the microprocessor approach is "quite a tailor the processing power to each application.
Other advantages abound. The new processor is far
bit" cheaper than if Doric had gone to aminicomputer,
more compact and reliable, and its plug-in design
Rose continues. At any rate, Doric did not want to
makes it easy to troubleshoot and service in the field.
"boggle the mind of the customer" with amini and the
Moreover,
customers seem to prefer the microprocessor
software that would be needed. With the microprocessor, changes are made by simply plugging in a design to hard-wired logic, says Joseph A. Verderber, of
the office of product management, because it's easier to
new memory, rather than substituting a hard-wired
upgrade
the system by adding features through apluglogic board. Doric is looking at such new n-channel miin read-only memory.
croprocessors as the 8080 to expand the capability of its
Microprocessors have already begun to have a tresystem still further by offering such operations as trend
mendous impact on many industries that have repetianalysis and averaging.
tive processes to be controlled. In the future, their appliTypesetting makes headlines
cation is likely to be limited solely by the imagination of
the design engineer. Although cheap now, microFor typesetting, a typical microprocessor-based sysprocessor prices will come down still further. Within a
tem would consist of a module containing all the prodecade, an entire microcomputer with 4 kilobits of
cessing and memory functions. One module, built by
memory could cost less than $150, predicts a market
Varityper division, Addressograph Multigraph Corp.,
consultant at Quantum Science Corp. That price earEast Hanover, NJ., contains the Intel 8008, which offers
marks the device for an ubiquity similar to that enjoyed
the large instruction capability required by phototypeby today's hand-held calculator.
setting equipment, plus the required programable ROM,
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Communications
Data-handling gains flexibility
by Stephen E. Scrupski, Communications &Microwave Editor
A strong tide is running in favor of replacing analog
communications with digital methods. Microprocessors
are accelerating this trend, bringing on anew wave of
"intelligent" digital communications equipment. Multiplexers, code converters, error checkers, input/output
controllers—all are natural applications for microprocessors. However, their full impact is yet to be felt;
most communications-equipment suppliers are still in
the feasibility-model and prototyping stages, while the
speed limitations of present-day microprocessors are
still inhibiting their wider usage.
As in other industries, communications designers like
the flexibility and the low costs offered by microcomputers. Custom routines for individual tasks can be
quickly changed simply by changing the contents of the
programable read-only memories that hold the programs. This is particularly useful in digital communications, where many different codes and message protocols are in use and where the processing chores do not
require the capabilities nor justify the cost of minicomputers.
Microcomputer hardware and software can be designed in parallel. While the printed-circuit boards are
being laid out to accommodate the almost standard
parts of the microprocessor complement, software design can proceed independently, and the two designs
can be merged late in the product's development cycle,
allowing for system optimization in a minimum of design time. What's more, when a microcomputer breaks
down in a communications system, recovery time
should be substantially less than in any other kind of
system. Service technicians can carry standard circuit
modules that are compatible with any of their company's equipment, requiring only new programing to
take the place of afailed unit.
Micro teams with mini
An example of how a microprocessor and a minicomputer can be teamed up is in the message-switching
units (Fig. 1) being developed by Action Communi-
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cation Systems Inc., Dallas, Texas, in which microprocessors serve as front ends for Data General Corp.
Nova minicomputers. The switchers are used in networks of private terminals, such as those employed by
police departments to access records in astate capital or
the National Crime Information Center in Washington,
D.C. The company has installed several such systems.
In the Texas network, for example, more than 500 terminals are located in police headquarters throughout
the state.
These switchers, now in the prototype stage, will
speed up the switching action and allow higher data
rates. They will do this by relieving the minicomputers
of certain standard operations—the "dirty work" that
must be performed on all messages, such as converting
them to the proper code for processing by the Nova and
scanning the incoming character strings to identify different control sequences.
"What we're trying to do is eliminate any characterby-character handling by the Nova and allow it to
handle only blocks of data," says Action design engineer Michael Fannin. By allowing the minicomputer to
do the more complex tasks while the microprocessor
handles the menial chores, he predicts that this configuration will raise the processing speed by about an order
of magnitude, from the 1,000 or 2,000 characters per
second to 10,000 or 20,000 characters per second.
Action is using National Semiconductor's IMP-16C
processor for this application "because of its powerful
instruction set," says Fannin. "Although it has aslower
cycle time than some of its competition," he adds, "it
does more with its instructions."
In the system (Fig. 1), circuit controllers interface
with the communications circuits and perform serial assembly and disassembly of the characters at data rates
as high as 19,200 bits per second. The microprocessors
interface with the controllers and perform four functions:
• Convert character codes.
• Scan messages for key characters.
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• Edit message headers and text.
• Check character calculations.
One microprocessor can handle the 19,200-b/s rate. It
also interfaces with the 64,000-character semiconductor
random-access memory, which buffers message blocks
between the microprocessor and the central minicomputer.
In such applications, the microprocessor serves primarily as apiece of hardware, since the custom features
still reside in the minicomputer's program. In effect, Action is using the microprocessor as a low-cost way to
achieve large-scale integration. Many communications
designers consider that this is the primary benefit of the
microprocessor.
Arliss Whiteside, senior department consultant (essentially asenior scientist) in information processing at
the Bendix Research Laboratories in Southfield, Mich.,
says, "A microprocessor is just another component—and
a few too many people consider it something magic. I
think they're oversold."
Whiteside goes on to explain that the microprocessor,
in his view, is simply away to cash in on the benefits of
large-scale integration—lower costs through fewer packages—without entering a multi-thousand-dollar program to develop custom Lsi. "I call it standard LS!," he
adds, "Ls! that is standardized, flexible, and built by the
manufacturer in the quantities that are necessary to justify the design costs for an Ls! chip."
Handling the full load
Such a viewpoint is supported in applications where
the microprocessor assists aminicomputer. But in others, microprocessors shoulder the full load of data processing. Collins Radio Corp. in Dallas, for example
plans to use microprocessors in an intelligent repeater
for aprivate microwave data-transmission system now
being built.
In the system, several data links surround acentralhub repeater terminal that switches one link to another
upon request. The data signal carries address informa-

DATA GENERAL
NOVA 1200
OR NOVA 800

tion that is decoded by the microprocessor, which then
routes the message through the hub repeater to the
proper receiving terminal. Although this is still an experimental project, according to Collins, the experiments have nothing to do with the microprocessors—the
unknown factors are in the radio communications.
In this instance, the microcomputer's small size helps
it beat out a minicomputer for the application—the repeaters have to be man-transportable and battery-powered. To further reduce the power drain, Collins engineers are replacing the Tn. circuits recommended by
the microcomputer manufacturer with complementarymos circuits. To conserve battery power, Collins is also
using c-mos chips for the random-access memory and
programable read-only memory. However, the use of
c-mos instead of TTL slows down the system from the
microprocessor's basic 1.4-microsecond cycle time to
about 4µs.
Considering tradeoffs
The reduced speed affects the architecture of the system, since extra memory is required to compensate for
it. As the message is received in the processor at the hub
repeater, it is stored in abuffer memory, and the microprocessor goes right to work processing the information.
By the time the message is completely received, the microprocessor has extracted the processing and routing
information, and the message is ready to be retransmitted to its destination.
The reduced speed also prevents Collins engineers
from using the microprocessor for what should be anatural function—error-checking. The expected maximum
data speed of 500 kilobits per second is just too fast for
today's microprocessors. Error-checking therefore is
done by hard-wired logic. However, if the transmission
speed were lower—say, in the range of 50 kilobits per
second—the microprocessors could be used to perform
error-checking, says Collins design engineer Dale Walls.
Or, if the microprocessor could be operated at its design cycle speed of 1.4 its, Walls says it would be "ow-
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units built by Action Communication. a National Semiconductor IMP-16 microprocessor handles
Nova minicomputer can concentrate on handling full blocks of data, increasing system speed.
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2. Interpreter. A microprocessor

handles conversions of codes and

speeds to allow adomestic data processor to communicate with an
overseas network via the RCA Global Communications system. Easily changed software helps customize system.

fully close to being applicable for error-checking." The
limiting speed of today's microprocessors however, will
soon be overcome by anew generation of faster devices
built with bipolar or sapphire-based mos technologies,
while 4-bit processor slices capable of instruction times
of 10 to 50 ns are expected to be available by the end of
the year.

netic tape with aminicomputer or hard-wired logic. The
single basic design, easily customized by software, meets
avariety of different customer needs, while at the same
time offering improved maintainability.
The microprocessor's job is to provide all the conversions necessary to interface adomestic communications
network with an overseas network (Fig. 2). Signals,
codes, speeds, character formats—all must be often reconciled to allow the two networks to communicate
with one another. And, since each private user who
leases achannel from RCA has his own unique combination of such parameters, use of hard-wired logic would
require long development times and an abundance of
specialized equipment that would have to be maintained.
Minicomputers, although they offer programability,
are simply too expensive to be considered for this application, according to RCA, since they have too much
computing power for the few lines that must be controlled. Another tangential problem, RCA claims, is that
often the customer has only partial knowledge of his
own needs, and the microprocessor programability
offers RCA engineers an easy means to add needed features at later stages.
Helping the police

In another police-oriented application, Motorola's
Communications division, Schaumburg, Ill., is using a
microprocessor in acomputerized mobile terminal system, first installed for the Atlantic City, NJ., police in
1973. Each squad car carries a light-weight terminal
Interfacing between nations
with afull keyboard and plasma alphanumeric display.
A microprocessor is the sole computing component in Using the terminal, a policeman can access files at his
a programable controller built to handle international local station, at the state headquarters, or even at the
leased-data channels. Developed jointly by RCA Labo- National Crime Information Center.
ratories, Princeton N.J., and RCA Global CommuniAn 8-bit microprocessor is built into the base-station
cations Inc., New York, the controller connects RCA'S unit, says Jerry Schloemer, manager for command and
Cosmac, a two-chip c-mos microprocessor and associ- control products at Motorola. The microprocessor acts
ated semiconductor RAMS, to a floppy-disk drive for as a communications interface to the computer at the
mass storage of messages.
next higher echelon, controlling the coding on the radio
The combination of the microcomputer with a channel and performing a reduced store-and-forward
floppy-disk drive allows RCA to cut the cost of the con- function in both directions.
"We hope that the cost of microprocessor devices will
troller below that of either a system combining magcome down with increasing volumes," Schloemer says.
"If so, we're planning to put microprocessors in the
next-generation car unit—it gives us alittle extra power
to be able to offer more features. We hope that their use
will reduce our product-introduction cycle," he adds,
"but we've seen no evidence of that yet."
Even voice signals, once they are converted to digital
form, as in apulse-code-modulation system, may offer
opportunities for microprocessors. Presently, telephone
voice signals in a4-kilohertz bandwidth are sampled in
a"channel bank" at an 8-kHz rate, and each sample is
encoded into 8bits; thus the 4-kHz voice signal is sent at
a rate of 64 kilobits per second, which is extremely
wasteful of bandwidths, says David Trask, manager of
the communications system laboratory of the Raytheon
Equipment division in Wayland, Mass.
Simplifying the phone system
He points out that telephone engineers have given
much thought to ways to reduce the bit rate necessary
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Calling all cars. Microprocessor in Atlantic City, N. J., police station controls message-coding for keyboard terminals used in squad cars.

for each voice signal and thus to expand the capabilities
of the transmission system. For example, many algorithms have been proposed for aprocessor that would
note an instantaneous value of the voice signal and predict the value during the next sampling period. Then,
when the next sample actually appears, the processor
would transmit only the difference between the actual
and predicted values.
If the algorithm is effective, it would only require a
few bits, rather than the full 8bits presently used. An
identically programed microprocessor at the receiving
end would then reconstruct the full voice signal. In fact,
he envisions a telephone set that has the sampling and
microprocessor circuitry built right into the back so that
digital signals are sent to the telephone central office directly from the set itself.
Microprocessors are being designed into asomewhat
similar system at Harris Electronic Systems, Melbourne.
Fla. Harris is building encryption devices for secure digital-communications systems and, says Ray Glenn, associate principal engineer at Harris, the microprocessor
makes agood pseudo-random noise generator. One microprocessor can be programed to encode adigital signal, and an identical microprocessor at the receiving
end can decode the signal.
If fabricated with medium-scale integration, such a
system might require up to about 75 packages, but amicroprocessor would cut the count to only 10 to 15 packages, Glenn estimates. He points out that microprocessors are being used at Harris to control the
output-power levels of radio-frequency transmitters
throughout the day. Temperature changes, Glenn says,
cause the power level to drift, but asimple 4-bit micro-
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processor can store acontrol algorithm that enables the
microprocessor, when presented with digital information on the output level, to bring the level back to the
desired point.
It is clear that microprocessors are taking over many
of the routine applications in communications equipment. And regardless of whether the designer views a
microprocessor as merely another component—a way to
get standard LSI— or as a radical new component that
offers small-scale programing, nearly all analog, as well
as digital, communications gear will benefit from its impact.

Consumer/commercial
Microprocessors go public
by Gerald M. Walker, Consumer Editor

Manufacturers of commercial and consumer products
have for some time taken the lead in applying advanced
semiconductor technology. Their adoption of microprocessors is no exception. In asense, microprocessors
are accelerating the timetable for equipment and systems already deemed feasible in both the commercial
and consumer markets.
In addition, development of totally new products not
yet identified will sweep these markets in the same way
that the personal electronic calculators came from nowhere into international prominence. Thus, microprocessors are having it both ways—enhancing presentday equipment while promising completely new products for offices, stores, households, and entertainment
centers.
Included in commmercial equipment containing microprocessors now on the market are terminals for
point-of-sale and supermarket checkout, scales, terminals for investment houses and the finance industry,
automated back tellers, processors for business-inventory control, equipment for supermarket in-store
packaging, and portable data terminals.
Among the products using microprocessors in the
comsumer and related markets or on the drawing board
for the near future are sophisticated games, gambling
equipment, cable-television transmission hardware, doit-yourself instrument kits, and photographic-film developers. Further down the pike are automobile onboard processors that perform such tasks as controlling
combustion timing (Fig. 1), exhaust emission, transmission operation, and anti-skid and diagnostic systems.
It's in the household that the explosive new product—
the home computer—is expected to emerge. The most
obvious door into the home is the television set, which
can make good use of a data-communications processor. By then, microprocessors will have to be quite different from today's products, not only in bit capacity,
but also in basic environmental configuration and price.
In the entertainment world, the microprocessor offers
the simulation of games at alevel of sophistication until
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now reserved for military and space projects. In its civilian format, simulation makes games realistic by the capability to cram programing, memory, feedback, and
real-time processing onto a single chip. Certainly Disney's "Land" and "World" are proving the wide attraction of family fantasy via simulation. The subject of a
movie spoof about ayear ago, an adult fantasyland designed around simulation techniques is now more than
science fiction.
In general, the advantages of microprocessors to commercial/consumer-equipment designers boil down to
the tradeoffs between hard-wired and programable
logic. For instance, point-of-sale cash registers built
with hard-wired packages have performed both as
stand-alone units and minicomputer-controlled terminaLs. By changing to microprocessors, Pos-equipment
manufacturers gain the important advantage of adapting their basic equipment through programing to the
needs of individual stores.
On the other hand, the problem most frequently
mentioned by manufacturers of commercial/consumer
equipment using microprocessors is the difficulty of refining the very software that they also say is the microprocessor's major advantage over hard-wired circuits.
Equipment makers feel that microprocessor suppliers
are not equal to the task of providing software support,
forcing users to become immersed in programing.
Some of the commercial-consumer products using
microprocessors are hardly ageneration removed from
electromechanical design. Yet the totally different requirements of the technology have made the switchover
from hard-wired logic to microprocessors as traumatic
for designers as the original change from an electromechanical to an electronic approach.
As C.W. Kessler, vice president of corporate engineering and advanced development for NCR Corp.,
Dayton, Ohio, points out, engineers familiar with Boolean equations and logic families, which were adequate
for the design of hard-wired equipment, must now add
complex instruction sets to their repertoires for micro-
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processors. They must be prepared to live with the sequential operation of microprocessors, which is slower
than the parallel operation of chips using standard logic
like m.
In addition, Kessler suggests, "There is a horde of
new problems in choosing the right microprocessor, and
these have become corporate-level decisions. After all,
you're tied to one supplier, once work is completed on
hardware and software. There's a lot hanging on the
source selection, since you don't have asecond source."
POS-terminal producers took different routes to arrive
at use of microprocessors. For example, National Semiconductor's Systems division began applying them as a
direct result of its ties to development by the semiconductor operation. Because of the close relationship, programs presented little problem. However, the main
challenge was to teach test personnel to debug semiconductor chips the way programers debug a computer.
This conversion required training because microprocessor faults are much more difficult to isolate and
correct than failures on astandard LS! chip.
At American Regitel Corp., San Carlos, Calif., application of amicroprocessor made it possible to design a
terminal combining stand-alone "intelligence" and peripheral-communications capability. Such mechanical
attributes as communications routines are specified in
read-only memory, while the logical attributes at the
human and exterior interfaces are specified by instructions residing in random-access memory. The former
are concerned with fixed procedures, while the latter
must be variable to permit application of awide range
of sequences, tax tables, and keyboard checks.
Most of the jobs assigned to the controller are performed at the speed of the terminal operator, and the
program responsible for driving the printer has a
throughput of only 30 to 100 characters per second. Because the arithmetic is not amajor difficulty, and transactions are done at human speeds (communications
functions require logic throughput of 200 to 300 characters per second), ageneral-purpose microprocessor that
could fetch in 3to 10 microseconds was adequate, putting the task well within the capacity of 4-bit processors.
NCR presently employs Intel MCS-4 microprocessors
in two products—a bank-teller terminal and apoint-ofsale terminal—and will soon introduce four others that
use microprocessors. Their functions are quite different.
Inside the NCR 279 financial terminal, for instance,
microprocessors control the keyboard, printer, and
credit-card reader, do the teller's arithmetic, transfer
data, and act as computer-interrupt. In the NCR 255 supermarket register, the microprocessor is essentially a
back-up element to provide the terminal stand-alone
capability, should the remote computer-controller fail.
The microprocessor makes it possible to do away with
dual minicomputers to control terminals unless the customer wants the redundancy.
Another teller terminal using microprocessors has
been built by Financial Data Science Inc., Orlando,
Fla., and about 100 are presently in the field. The model
108 contains three MCS-4s—one for printer control, one
to provide stand-alone processing in the event of communications failure to the central computer, and one to
control the keyboard and perform calculations.
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Microprocessor knowhow
Not only are microprocessors changing the design of
equipment, they are also changing the demands on
the designers who use them. A list of the skills and
tools needed for the new generation of microprocessor applications engineers, recently drawn up
by Herman Schmid of General Electric, is awesome.
He states that engineers must thoroughly comprehend the organization, operation, and performance of
the processor's CPU; control of input/output; the organization and operation of RAMs, ROMs, and programable ROMs, plus such interface circuits as
analog-to-digital and digital-to-analog converters; operation of peripheral equipment; the operation of multilevel priority-interrupt systems; the operation of control-panel circuits; and the operation of such various
logic families as TTL, p-MOS, n-MOS, and C-MOS.
But that's not all. For designing firmware, this same
engineer must also have extensive knowledge of programing. This designer needs to be an expert in software for machine-level, micro-level, and assemblerlanguage programing. Finally, the microprocessor engineer must be familiar with such interface operations
as the performance of converters and signal-conditioning.

The first and third applications could have beeen performed by hard-wired logic, but stand-alone processing
backup would have required aminicomputer. By applying the microprocessor to the keyboard, total package
count was reduced 30%, and total cost was lowered to
slightly less than what hard-wired logic would have
been. In addition to the 108, which is meant for savingsand-loan institutions, the model 151 is also available for
full-service automated bank tellers. It uses one microprocessor, essentially as acalculator.
Automating Inventory
The manufacturer that probably has the most units
containing microprocessors in the field is Ms! Data
Corp., Costa Mesa, Calif. This firm has delivered about
10,000 portable data terminals for use in taking and
recording inventory or other data at remote locations.
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1. Economy car. One microprocessor will be used in an automobile
for spark-ignition timing and exhaust-gas recirculation-valve control.

Each terminal contains one MCS-4 microprocessor.
The mg battery-powered model 1100, which has
semiconductor memory, and the model 2100, which has
a magnetic-tape cassette, look like plump hand-held
calculators, except that the keyboards have special symbols, and just below the LED displays are function
switches for transferring data to telephone modems.
Data such as supermarket inventory or warehouse
stockroom supplies is entered through the keyboard and
recorded either on a tape cassette or in solid-state
memory, depending on which of the two models is used.
Afterwards, this data is communicated by telephone
to a Nis! receiver at some control location. Depending
on the model used, 7,000 to 20,000 characters of information can be transmitted in less than three minutes,
eliminating several data-handling steps required in
manual or even punch-card procedures.
MS! originally designed these terminals with rn, to
control the displays, computations, and interface circuits. Later models were converted to complementaryMOs chips to reduce battery-power dissipation. But the
need for flexibility to meet avariety of uses for remote
terminals made microprocessors attractive replacements
for the control logic. At the same time, delays in delivery of standard chips made the change to microprocessors even more attractive.
Larry Hendricks, manager of the Electronic Engi-
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neering department for mg points out that previous experience in designing a minicomputer controller for
data terminals was valuable in learning how to design
with microprocessors. In fact, Ms! now uses a minicomputer that it designed and built to serve as acommunications controller to write the microprograms.
Hendricks complains that microprocessors are still
difficult for many designers to learn to use because
there's no easy applications track; hardware-oriented
engineers stumble on the software, while software-oriented programers get confused by LS! technology.
He also cites three other current problems. First, he
would like microprocessor manufacturers to stick with
one device long enough to establish an industry standard such as the 1103 chip. Second, Hendricks is uncomfortable with single-source purchasing, particularly
since mg is now buying microprocessors in relatively
large quantities to support production of about 1,000
portable data terminals aday. The third problem is the
need for a more sophisticated system that nonprogramers can use for microprograming.
While microprocessors are essentially used for what
Hendricks calls "bit-banging," that is, simple and slow
processing chores, he believes that there's a danger of
trying to apply them for too many functions. "It may
seem possible to substitute a microprocessor for every
minicomputer," he says, "but you have to watch out
that you're not sending aboy to do aman's job."
Singer patterns its own
Although most microprocessor users, especially commercial manufacturers, have been concerned with dependence on sole-source purchasing, Singer Corp., New
York, has alleviated this situation by designing its own
microprocessor at the firm's research laboratory in Fairfield, N.J. At least three semiconductor houses are qualified to use Singer's masks to produce the chip. In fact,
one of the design constraints was to be conservative
enough to keep producibility within the capability of at
least two suppliers—not an easy task.
The result is the Advanced Byte-Oriented (Aso) microcomputer, an 8-bit, n-channel mos processor measuring 191 by 202 mils. The 40-pin unit is designed for a
variety of Singer products, including point-of-sale terminals built by the Business Machines division in San
Leandro, Calif. It's microprogramed internally from a
6,000-bit ROM, rather than from separate chips.
One reason Singer designed its own microcomputer
was to follow the course of its electronic end products
into what the firm calls "distributed computing," that is,
loading each piece of equipment with as much processing capability as possible. Thus, in aSinger POS terminal, the ABO is heavy on processing capability and light
on arithmetic-calculation functions.
Microcomputers from semiconductor suppliers need
both capabilities, whereas acustom design could downgrade the less important attribute. Of atotal of 256 instruction codes, 50 are basic, and the instruction time is
typically 10 microseconds. According to Singer, prototypes of its microprocessor are now being manufactured by two sources.
The Business Machines division presently has a terminal with a single microprocessor also of Singer de-
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2. POS microprocessor. In a stand-alone point-of-sale terminal
the control unit carries out microinstructions stored in a ROM.

sign. However, unlike the ABO, this unit has five
12-kilobit Roms outboarded to instruct the microprocessor. The function of the microprocessor-control
unit (Fig. 2) is to direct the flow of data between the ho
devices and the buffer memory and to perform arithmetic chores. All data transfers within the microprocessor and between it and the Ito devices are accomplished by means of asource-destination bus, consisting
of a 5-bit source address, a 5-bit destination address,
and a 6-bit data bus. Because each register inside the
microprocessor and in the uo devices is addressable, it
can act as either the source or the destination in adata
transfer. However, intercommunications are minimized,
and interface requirements for the ho devices are
simple because the terminal is bus-oriented.
Steering for Detroit
An example of what an automobile-microprocessor
system might look like is a Ford Motor Co. advanced
development. Figure 1shows the bare bones of adigital
control system, designed to maximize fuel economy. It
is being road-tested, but it won't be ready for astandard
car for some time. This system uses two microprocessors
and other custom-Lsf devices to control timing of spark
ignition and position the exhaust-gas-recirculation
(EoR) valve by using several engine inputs.
Ford engineers decided to use a microprocessor because attempting to compensate an analog programable
spark-timing controller over the worst-case of auto temperatures turned out to be more expensive than adigital
control system. The microcomputer made it easier to
program changes in engine design than to use hardwired logic. Ford uses a 12-bit microprocessor with the
program and associated coefficients, which describe the
engine-control algorithm stored in aROM.
The present engine-control software is contained in
about 1,500 12-bit words. The system also includes an
8-bit analog-to-digital converter with an eight-channel
multiplexer under CPU control to measure the outputs
of engine and EGR-valve transducers. The key reason
for using a microprocessor for this application is to be
able to design the same hardware for all engine and
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A unique, but significant, application of microprocessors to games is exemplified by a bowling game
Bally Manufacturing Corp., Chicago, has been marketing since last October. Sold to distributors for $1,600,
about 85 of the electronic game, Bally Alley, are now installed. Each contains one Intel 4004 CPU, four programable ROMs, a RAM, and one 1,024-bit ROM, in addition to some 250 discrete power transistors and siliconcontrolled rectifiers.
The electronics package in Bally Alley is vital to give
players the right "feel," not only in the scoring, but in
the fall of the "pins," the roll of the "ball," and posting
the odds normally associated with making various shots.
None of this could have been done in the size and cost
required of an arcade game without the microprocessor.
The microprocessor monitors the placement of the
ball when it is sent down the lane by a player (one to
four can play at any one time), keeps tabs on the pins,
and metes out free games and credits. In controlling the
scoring, the microcomputer tracks pin patterns. A
player can decide at what place along the bottom of the
lane to let go of the simulated ball, and the microprocessor calculates from program instructions how
many balls have been used before recording the score
on an incandescent-lamp display. Bally is now looking
at microprocessors in 8-bit configurations for other
games, as well as gambling equipment it builds.

Computers
Peripherals now,
mainframes later
by Wallace B. Riley, Computers Editor

Although much of the shouting about microprocessors
has been about consumer and industrial applications,
these programable large-scale integrated circuits are
also impinging on the way computer manufacturers
themselves are designing data-processing systems.
For manufacturers of large mainframes, the impact is
mainly in peripheral and control equipment because today's microprocessors are generally too slow and limited to perform large-scale processing. For minicomputer manufacturers, however, the low-cost
versatile LSI processor goes to the very heart of their designs and promises to open up awhole range of higherperformance capabilities at lower costs.
A major advantage of microprocessors is the
smoother design iterations that can be wholly or partially achieved by reprograming a microprocessor instead of rewiring a major part of a prototype design.
These design iterations are necessary in almost any development cycle because the original specifications have
to be modified as development proceeds. The goal is a
design that meets the original specifications to some degree while being both manufacturable and marketable.
In conventional designs, iterations often take the form
of building and rebuilding asuccession of prototypes—
an expensive and time-consuming process.
The main use of microprocessors with the large mainframes has been in peripheral equipment and controllers. Their application inside the computers themselves
has been like only adistant rumble of thunder because
until now they have been too slow. However, anew generation of chips now on the drawing board promises to
overcome that shortcoming.
Microprocessors have thus far proved of value primarily in low-cost, low-speed equipment, such as cath-
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ode-ray-tube terminals and magnetic-tape cassette
drives. Their main benefits have been to facilitate customization and addition of power at a lower cost than
previous designs and to increase the processing capabilities of remote terminals.
Makers of punched-card machines, floppy-disk-storage units, and devices of similar complexity say they
may use microprocessors in their next design cycles.
However, they have thus far found the LSI chips too
slow or too limited in some other functions. These companies are expressing great interest in such microprocessors as Intel's new 8080 [Electronics, April 18, p.
95], mainly because of its expanded instruction set and
the order-of-magnitude increase in speed.
Microprocessors cut costs and reduce system complexity while simplifying customization of otherwise
standard designs. For example, Beehive Medical Electronics Inc. of Salt Lake City, Utah, can adapt its
Superbee terminal easily to avariety of applications because it uses the Intel 8008-1 chip. And, although the
microprocessor replaces only some of the circuitry of
the company's earlier model, it adds new functions and
adapts easily to each customer's application.
A trend changes
Significantly, the burgeoning interest in microprocessors reverses one important trend that has been
shaping up during the past few years—the execution in
hardware of many functions traditionally left to the
software. This tradition was established in the early
days of computers, when gates cost $100 apiece and
programers were paid clerical wages. These rates made
the minimization of hardware imperative and the proliferation of software initially unimportant.

Electronics/July 11,1974

But since then, costs of hardware and software have
moved inexorably in opposite directions. Today, some
functions that would have cost astronomical amounts
for 1954 hardware can be implemented now for little
more than pocket money, while software has grown to
almost unmanageable proportions in the form of operating systems, time-sharing, and so on—all in the name
of efficient use of hardware.
The low cost of hardware has made microprocessors
possible—simple enough not to require software of the
complexity remotely resembling an operating system
and cheap enough for inefficient use without adding significantly to the cost. As a result, some new functions
can be implemented in software that considerably simplifies design and alteration—without the headaches associated with large software systems.
Peripherals and controllers benefit
In the peripheral devices themselves, microprocessors
take asubstantial load from acontroller or central processor. For example, Digi-log Systems Inc., Horsham,
Pa., uses microprocessors to control a display's refresh
memory, its communications interface, its editing functions (inserting and deleting words, phrases, and paragraphs, and rearranging them as directed from the keyboard), as well as other display characteristics.
A variety of optional capabilities is available with the
basic models. Customers select the capabilities they
want, and modules programed to perform the desired
tasks under software control are shipped with the system. In most other terminals, these functions are performed by hard-wired logic, which can be added or removed from asystem only with difficulty.
However, some designers who have tried the Intel
8008 for these functions have criticized it as not being
fast enough and not having alarge enough instruction
set to do an adequate job. Again, the 8080 chip is
viewed as asubstantial improvement, although it's still
too new for users to have accumulated much experience
with it.
The Beehive and Digi-log terminals illustrate one of
two trends in the computer-terminal market—their
microprocessor-based units offer greater power and a
higher level of customization, yet at lower cost. The
other trend is to the "dumb" terminal under control of
the central computer, which provides a simple way to
"look into" acomputer to see what's going on. "There'll
always be amarket for adumb terminal," says Richard
Kaufman, director of marketing at Applied Digital
Data Systems Inc., Hauppauge, N.Y. Because of these
two extreme requirements, the intermediate terminal
that has only asmall amount of logic capability will disappear. But the best way for designers to keep up with
the trend toward smarter and smarter terminals is to use
microprocessors to provide the "smartness."
Building controllers
Builders of mechanical peripheral equipment that
contains minimal electronic circuitry have no need for
microprocessors. However, builders of controllers for
this equipment, as well as the manufacturers that build
both the mechanical devices and their electronic controls, are more enthusiastic about microprocessors for
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Microprocessor aids the mini
Perhaps partly because of a certain degree of overselling by microprocessor manufacturers and partly
because of misunderstandings of what a microprocessor is and what it can do, there has been some
speculation that the advent of microprocessors means
the end of the smaller minicomputers. This is most emphatically not true. On the contrary, bçi enhancing the
capability of the minicomputer, the microprocessor
opens a whole new range of applications for the minicomputer that it couldn't touch economically before.
In many of the new applications, the capabilities of
microprocessors and minicomputers have been combined to increase the effectiveness of the entire system at only a small increase in cost. For example, David Methvin, president of Computer Automation Inc.,
describes attempts to drive a series of remote terminals from a single minicomputer. "It didn't work very
well," says Methvin, "because the minicomputer's
speed and short word length are generally adequate
to drive no more than two or three terminals."
But by designing into each terminal a microprocessor to handle some local processing and relieve
the control minicomputer of the drudgery, it can easily
do the higher-level work for the entire network. "In
this way," concludes Methvin, "the advent of the microprocessor creates a new market, not only for itself,
but also for the minicomputer, which previously had to
yield to something bigger and costlier."
Microdata Corp., Irvine, Calif., a leading producer of
microprogramed minicomputers, has not yet begun
using the single-chip p-channel-MOS microprocessors in any of its computers. However, Richard Vahlstrom, technical director, foresees apossible utilization
of the devices in peripheral equipment whenever they
become cost-effective. Meanwhile, Microdata has introduced its Micro-One, a one-board bipolar processor that is both software- and firmware-compatible
with the company's older 800 and 1600 series minicomputers and with their peripherals [Electronics,
May 30, p. 142].
Digital Equipment Corp. and General Automation Inc.
have already recognized this trend, as shown by their
recent product announcements. General Automation
now has two minicomputers based on silicon-onsapphire microprocessors, while DEC's microprocessor module, an extension of its long-standing line of
logic modules, is based on Intel's 8008 microprocessor—one of some 53 circuits on the card. The PDP-8/ A
is the company's latest version of the line with which
it more or less invented the minicomputer market
back in 1965. The original PDP-8 was a discretecomponent computer in a big box 34 inches high and
almost two feet square. But now the complete set of
79 PDP-8 instructions can be executed by an assembly
of components on asingle printed-circuit board measuring 15 3
/ by 81
4
/ inches, not including the memory.
2
The PDP-8/A makes extensive use of LSI, but none
of the circuits is a microprocessor. Future versions of
this and other DEC computers may include circuits
that would be called microprocessors today. William
Hogan, marketing manager for logic products in
DEC's components group, describes the microprocessor module as the first of a series of products
that will use any appropriate semiconductor chips with
the right combination of cost and performance.
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1. Interface and control. Today's microprocessors are applied in
computer systems primarily where they do not affect data flow, but
that limitation will only last until their performance improves.

use in the interface and control sections of their machines (see Fig. 1). The interface section responds to signals from the central processor and generates status signals to it. The control section sets up the device
controller for a particular task. But neither of these
functions is concerned with the actual passage of data
through the controller, which may involve such steps as
serial-to-parallel conversion, assembly of words from
bytes, and error detection and correction.
Although the enthusiasm of controller designers, like
that of terminal designers, is tempered by the performance level of presently available microprocessors, they
look forward to a new generation of microprocessors
now on the drawing board. The higher performance of
the new microprocessors will enable them to graduate
to full use in the data path as well.
New single-chip processors made with silicon-onsapphire and bipolar technologies are expected to promote such agraduation by reducing the typical execution time to the range of 50 to 500 nanoseconds (from
today's 2to 20 microseconds) and increasing the number of instructions toward 200 (from today's 40 to 75).

Specifically, Intel is reported to be working on abipolar microprocessor that can execute instructions in as
little as 500 nanoseconds. In mos, Rockwell's Microelectronics Group, one of the earliest to exploit sapphire
technology, is developing more powerful processor chips.
They already supply devices to General Automation for
their LSI microcomputer line. Also, Inselek Corp., Princeton, NJ., has proposed a c-mos-on-sapphire microprocessor that could handle a data rate of 3 megabits
per second with its cycle time of 300 ns. Inselek says the
device will be available early in 1975.
For its paper-tape emulator, Remex, a unit of ExCell-0 Corp., Santa Ana, Calif., chose the Intel MCS-4,
a chip set that includes the 4004 4-bit microprocessor.
The emulator is a magnetic-tape cassette drive that
works with a minicomputer like a paper-tape reader.
Currently, the programs for the emulator are stored
in programable read-only memories—the kind that can
be erased under ultraviolet light. Program bugs turned
up by the first few customers can be easily corrected.
Later, when change activity has died down somewhat,
Remex plans to switch, perhaps first to fused-link ROMS,
which can be updated but not erased, and eventually to
masked Roms that can't be changed in the field at all,
except by physically exchanging one part for another.
Stamp out logic monsters
Decision Data Corp., also of Horsham, Pa., indicates
great interest in microprocessors—particularly in data
recorders. In these peripherals, a few microprocessors
replace a multitude of interconnected integrated circuits. The company manufactures a line of punchedcard machines—both the old standard 80-column type
and the newer, smaller 96-column equipment for IBM's
System/3 and similar computers. The line includes a
data recorder, which is asort of combination keypunch,
card reader, card punch, and printer, with various other
outputs available and usable either on line with acomputer or as astand-alone device.
"Data recorders are monsters in logic," says Thomas
Richardson, vice president for engineering, referring to
the multitudinous functions that the machines perform.
Present designs, he says, use 700 to 800 small-scale integrated-circuit packages, plus as many as 400 signal lines
to interconnected equipment—clearly a prime territory
for an invasion by microprocessors. Richardson indicates that the company will begin to move in this direction before the end of 1974, initially with its own design
implemented with medium-scale ics and later graduating to bona fide LSI microprocessors.
Despite the advances already made, development of
faster, more powerful microprocessors is continuing. Although today's microprocessors have word lengths of 4
to 8 bits and instruction-cycle times of 2 to 20 microseconds, at least one 12-bit unit has already been developed in Japan [Electronics, March 21, p. 111]. And
semiconductor manufacturers in the U.S. are working
feverishly to increase speeds.
What's more, LSI processors being made with bipolar
and sos technologies are yielding processor chips that
blur the distinctions between the capabilities of the microprocessor and the small minicomputer. Indeed, the
LSI miniprocessor is already on the design bench.
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Instruments
Systems are getting 'smarter'
by Michael J. Riezenman, Industrial Editor

Anyone who has ever twiddled the controls of a pulse
generator, wasted acouple of hours trying to recall how
to use a scope's delayed-sweep feature, or laboriously
calculated the standard deviation of a set of measurements knows that it takes detailed knowledge and refined techniques to use a complex modem instrument
properly and efficiently. But soon, microprocessors will
bring about a new generation of "intelligent" instruments that will automatically relieve the operator of
routine procedures. And most of these "smarter" instruments will be cheaper than the ones they replace.
Instruments can be made less costly because, in many
cases, the software techniques used with microprocessors will be cheaper than the hard-wired logic
and mechanical switches they replace. Probably multiinstrument systems can benefit even more because microcomputers should replace minicomputers or programable calculators in small systems and do much of
the repetitious work so that much cheaper minicomputers or calculators can be designed into larger
systems.
Many cost-related benefits can be expected from a
whole new class of small computer-controlled instrument systems that would be too expensive if built with
minicomputers or even programable calculators. And
for large systems that need minicomputers as controllers, microprocessors may be able to make significant
reductions in the costs of the computers by using them
as preprocessors in the instruments that are controlled
by, and are feeding data to, the minicomputers.
These reductions should be significant. The intelligent application of, say, $400 worth of microcomputer
components in each of five or six instruments may make
it possible to replace a Digital Equipment Corp.
PDP-11/45 minicomputer that costs about $16,000 to
$18,000 in an appropriate configuration, with a
PDP-11/40 at acost of about $12,000.
The straight bench instrument that can probably realize the greatest cost reduction by use of a microprocessor is the frequency synthesizer. A high-resolu-
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tion synthesizer uses a large number of expensive
electromechanical switches and agreat deal of complex
logic circuitry simply to tell the frequency-generating
circuitry what to do. Replacing these switches with simpler, cheaper ones or with akeyboard and replacing the
logic circuitry with amicroprocessor will, in most cases,
justify the cost of the microprocessor, even if it brings
no other benefits.
Of course, microprocessors will provide awhole host
of such other benefits as data-formatting for the instrument's input/output interface. Moreover, the microprocessor will enhance accuracy and reliability through
the use of special routines for self-diagnosis and the
elimination of systematic errors.
Automating testers

Already several manufacturers have introduced microprocessor-controlled instruments. Among them are
the in-circuit IC testers built by Testline Inc., Titusville,
Fla.; the model 76A automatic capacitance bridge made
by Boonton Electrics Corp., Parsippany, NJ.; the Qualifier 901 IC tester made by Fairchild Systems Technology, Palo Alto, Calif.; the Digitrend 220 recorder
made by Doric Scientific Corp., San Diego, Calif.; and
the interfacing circuitry used by Tektronix Inc., Beaverton, Ore., to marry the digital processing oscilloscope
with the company's model 31 programable calculator.
Most of these pioneering applications use the microprocessor more as amanipulator of bit patterns than as
anumber-cruncher. The microprocessors are used more
to set up tests, perform interfacing chores, and control
other subsystems than to process the data that the instruments have acquired.
The IC testers are perhaps the best examples of this
emphasis, since, strictly speaking, these instruments acquire no numerical data at all. They use the microprocessors for the quick and easy setup of complex
input-bit patterns and comparison of actual and expected output-bit patterns without resorting to either
expensive minicomputers or so-called performance
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tacked onto it (a). In particular, signal processing is performed by conventional analog means. With microprocessor, a-d converter is moved
up front so that most processing can be done digitally (b). In both diagrams, signal paths are shown in color, and control lines are in black.

boards. One of the additional benefits of the Qualifier
901 is athorough self-test routine. Under control of the
microprocessor, the machine checks itself out every time
aprogram is loaded into it.
While they use the microprocessors largely for control, the Boonton capacitance bridge and the Doric
recorder also exploit the processor's ability to do abit of
numerical calculation, as well. The capacitance bridge
directly measures only capacitance and conductance. It
then processes these numbers to find such quantities as
equivalent series resistance, equivalent parallel resistance, Q, dissipation factor, and percentage of deviation
from apreset reference.
The Doric Digitrend 220 recorder is programed with
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aset of linearizing equations for various thermocouples.
Instead of using different linearizing networks for each
of the six common thermocouples (types J, K, T, E, S,
and R), the instrument does it all with software. (See p.
87 for more details on this instrument.)
A generalized microprocessor-controlled instrument
and its conventional digital counterpart are shown in
Fig. I. The exact nature of the instrument is not specified, but it may either be atwo-channel voltmeter or a
wattmeter.
The main point is that the conventional version of the
generalized instrument (Fig. I
a) does all of its processing, which may include such difficult operations as multiplication and linearization before the output is digi-
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tized. Also, the conventional instrument needs lots of
logic circuitry to control the making of the measurement, to format the digital display, and to handle the
vo interface with any other equipment to which it may
be connected in asystem.
The microprocessor-controlled instrument, on the
other hand, (Fig. lb) converts the data into digital form
as close to the front end as possible and does all of its
signal processing digitally. Its potential for cost reduction comes from the capability of a single microprocessor to do the signal processing and also handle all
of the interfacing and formatting chores that would require literally hundreds of Tn. packages.
Getting 'smart'
The most dramatic impact of microprocessors on instrumentation will be in the creation of new "smart" instruments for ahost of new applications. A smart instrument is one that performs a significant amount of
internal arithmetic processing. From anumber of inputs
(either signals or switch positions), it calculates an output to display and/or performs additional processing.
Indeed, smart instruments, like people, may be expected to come with awide range of intelligence. At the
low end of the spectrum may be adigital voltmeter for
communications applications that can be programed to
make, say, 1,000 measurements and then display their
mean and standard deviation. For this, the micra
processor, together with associated control memory and
vo circuitry, would perform all the logic-management
functions.
Assuming that very fast measurement times aren't
needed, such asystem could be built of one of today's
8-bit n-channel microprocessors, together with, say,
eight 1-kilobit random-access memories to supply 8,000
bits of main memory and the associated read-only
memory for control, plus i/os. The entire system could
be implemented with fewer than 20 LSI packages—only
atenth of the more than 200 standard TTL circuits that
would be needed.
A somewhat smarter instrument might modify its
own behavior as aresult of its calculations. An example
of such an instrument already exists—it is Hewlett-Packard Co.'s model 3805A distance meter. This surveyor's
tool measures distances by measuring the time required
for an infrared beam to travel from the instrument to a
reflector and back.
Since atmospheric perturbations can affect the readings, the meter is programed to make 3,000 measurements and to calculate their mean and standard deviation. Then, if the standard deviation is within a
specified limit, the mean is displayed as an accurate
reading. If the standard deviation is out of spec, the meter makes as many additional measurements as are necessary to get it within spec. If, after it has made 32,000
measurements, the instrument still fails to get a sufficiently good standard deviation, it displays the mean
in flashing numerals to tell the operator that the measurement conditions are less than ideal.
The next level of instrument made possible by microprocessors could, by today's standards, be called geniuses. These instruments will probably be most
noteworthy for their high degree of human engineering.
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Their value may best be appreciated by considering the
hairy problems that one may encounter when using a
complex pulse generator or oscilloscope. Highly skilled
engineers, not to mention technicians and service personnel, can easily waste several hours refamiliarizing
themselves with instruments that they haven't used for
several months. Even an instrument that one has used
every day can present problems if someone else borrows
and returns it with some small, seldom-used, control out
of its usual position.
Building 'geniuses'
Microprocessors can and will be used to generate a
"genius" class of instruments, but how it will be done is
uncertain. One can imagine an oscilloscope that has had
most of the knobs and switches replaced by akeyboard
through which one punches in such parameters as the
sweep speeds, vertical sensitivities, and triggering
modes needed for any particular application.
Seldom-changed controls might be automatically set
to preprogramed states from which they could be
changed, via the keyboard, if desired. The status of the
machine could be presented on the cathode-ray tube by
a character-generator similar to the one already available on Tektronix' 7000 series scopes. In addition to
simply presenting the machine's status, the CRT readout
could also warn of incompatible instructions or of valid,
but unusual, measurement conditions.
In asense, oscilloscopes and other measurement tools
aren't difficult to deal with because they present the
user with displays, which, if abnormal, warn that corrective action is needed. The myriad possibilities for error
in setting up signal generators, synthesizers, and other
signal sources, on the other hand, can drive an engineer
to a psychiatrist. Few users of pulse-generators can
claim that they have never set the pulse width to aduration longer than the period defined by the selected repetition rate. And on some complex two-channel pulsers
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Who invented the microprocessor?
Intel Corp. certainly deserves the credit for exploiting the
microprocessor concept and was the first to market microprocessors, although much credit must also go to the
many companies and individuals who contributed in
some way to the development of large-scale integration.
Remember Viatron? In 1968, the Burlington, Mass.,
firm startled the world by announcing its intention to build
adata-handling system that would rent for $40 a month
in its basic configuration. [Electronics, Oct. 14, 1968, p.
193]. Heart of the Viatron unit was an 8-bit microprocessor run by a primitive program in a read-only
memory. But the company encountered serious financial

that have separate controls for such settings as amplitude, offset, delay, pulse width, and trigger mode, the
fact that these highly interactive controls have been set
wrong is not always obvious.
The microprocessor can unravel that complexity. If
all of the instrument's operating information is fed in
through a small keyboard-controlled processor, the instrument could simply refuse to accept an input that is
incompatible with earlier instructions. Alternatively,
electronic stops could be programed into the machines,
and a small light-emitting-diode display could be positioned above avernier pulse-width control. As the control is rotated to increase the pulse width, the display
would reflect its position, so long as the pulse width did
not conflict with any other control settings.
If such a conflict arises, the machine might be programed to ignore the control setting and to set only the
maximum pulse width that could be accommodated.
The LED display would keep the operator informed of
what is happening by always showing the actual pulse
width being generated, regardless of the front-panel
control setting.
Although each of the ways in which a microprocessor
might be used in an instrument has been discussed as a
separate idea, it should be clear that, at least until their

and management problems, and it went bankrupt after
about two years.
Meanwhile, General Electric Co. found itself designing
integrated logic circuits for some of its terminals, duplicating much of the work from project to project, but not
generating enough volume on any one of them to justify
the use of custom-designed LSI—until somebody thought
of acustomized programable LSI circuit. GE then developed an eight-chip basic logic unit, or BLU, that could be
used without change with different programs in many different terminal designs—essentially what is done today
with microprocessors.

prices are reduced considerably, the devices will be used
primarily in applications where they can perform several functions.
Most industry sources agree that an instrument would
have to sell for at least $2,000 to $3,000 to justify the inclusion of a microprocessor. There is no upper limit to
the size of instrumentation systems in which microprocessors could be included, since even systems large,
complex, and costly enough to justify the use of aminicomputer may benefit from the inclusion of microprocessors as preprocessors.
Peak picker
Such an application might be in an analytical chemistry laboratory, where a single, fairly small minicomputer could control, say, two or three mass spectrometers and a dozen gas chromatographs if each of
them were equipped with a microprocessor programed
to act as a peak-picker. The outputs of these analytical
instruments, if drawn by achart recorder, are typically a
series of peaks separated by nulls. Unfortunately,
closely spaced peaks tend to blend into each other,
which makes it difficult to decide exactly where the
peaks are.
An experienced human operator can locate the peaks
by eye, but it takes afairly complex computer program
to do the job. If the computer is to do all the peak-picking, it would have to be an extremely fast machine with
alot of memory. Adding the microprocessors brings the
task well within the capabilities of a minicomputer of
modest size.
Improvements are imminent
Thus far, only a handful of commercially available
instruments contain microprocessors. But this state of
affairs in no way indicates a lack of interest in them by
the major instrument houses. Quite the contrary.
Although details are not yet available, it is clear that
microprocessors are responsible for previously unavailable or unaffordable capabilities that will be offered in
several new meters, counters, signal sources, and oscilloscopes before this year is out. The designers of these instruments speak of "totally new approaches to the making of measurements" but, understandably, they refuse
to elaborate on what that means right now. However,
the next six months promise plenty of excitement for
the makers and users of electronic instrumentation.
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Design
Blending hardware and software
by Wallace B. Riley, Computers Editor

It's awhole new world, but it's really not all that different from what the engineer is accustomed to. Supposedly, EEs experienced in the conventional approach
to design—flip-flops and gates—might expect to encounter difficulty expressing their design ideas in term of
software. But, although the end result of asoftware development effort looks different on paper from the traditional logic diagram, it is basically identical.
An engineer's usual approach begins with a set of
functional specifications, which he translates into a
block diagram and then reduces to the level of individual gates. The completed design is assembled on a
breadboard, built into a prototype, and then, with a
series of tests and redesigns, reduced to aform that can
be manufactured in volume and sold at aprofit. Meanwhile, it may be undergoing simulation on acomputer
as part of the design refinement.
Likewise, software design begins with functional
specifications, but it is translated into asequence of instructions, rather than into an array of gates. The paper
design usually involves aflow chart, which shows events
graphically in the proper order, together with conditions
that can cause the order of events to change. The first
step can be ahigh-level flow chart, which closely resembles the block diagram. This is broken down into aform
in which each block in the flow chart represents asingle
instruction in the program. Standardized shapes of
blocks in the flow diagram have evolved (Fig. 1) so that
one person can more easily follow the logic of another
person's work. [For an example of applying aflow chart
to either the hardware or software implementation of a
specific design, see Electronics, Oct. 11, 1973, p.97.]
For some individuals, software is a problem until
they get the hang of it. At some companies, teaching engineers how to program and programers the limits of
hardware has turned out to be agreat enlightenment on
both sides. But the highly motivated people who undertook the project knew that understanding microprocessor software would be essential sooner or later,
and they have managed to overcome any obstacles to
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understanding. Still other companies have assigned the
task to younger engineers who had no previous strong
commitment to either hardware or software designs,
and who, therefore, made the transition easily.
In the last analysis, any intelligent person who can
lay out a procedure accurately one step at a time can
learn to write aprogram for amicroprocessor.
Support is essential
Some users and potential users of microprocessors express concern about the level of software support from
the manufacturer. Since microprocessors come from
semiconductor houses, those users fear the vendors
don't have the capacity to offer the assistance that is expected from the IBMs or the DECs.
The concern is largely unfounded because the need
for software support, compared to the requirements of
large computers, is small indeed. But to the extent that
microprocessor users have had no previous exposure to
computers, they may need to be led through thickets of
unfamiliar concepts to get their applications working.
Support for a large general-purpose computer is significantly different from support for a minicomputer,
and it differs even more from the kind of support that a
microprocessor user will need. And since ageneral-purpose computer is likely to cost its user hundreds of dollars an hour, he doesn't want to shut it down even momentarily if he can avoid it—not even to load new
programs into it. To protect him from unnecessary expense, manufacturers offer operating systems, which are
software packages designed to keep the machine running under all but the most catastrophic conditions, as
well as various aids that simplify the task of writing programs for the large computer.
But aminicomputer is likely to be operated in adedicated application so that a single program runs over
and over indefinitely. Furthermore, it's sufficiently inexpensive that its occasional stopping between jobs or
when an error occurs is only an inconvenience, not a
major expense. Minimakers also offer support, in the
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form of some kinds of programing aids and perhaps a
relatively low-level time-sharing system. Of course,
there's maintenance of the hardware, but this is far
short of the support that is expected from the manufacturer of ageneral-purpose computer.
None of this kind of support applies in any way to
microprocessors, except possibly in the form of higherlevel programing languages like PL/M [Electronics,
June 27, p. 103]. Like the average passenger automobile, a microprocessor remains economically feasible,
even though it may be "parked" 90% of the time. Its
program is likely to be wholly in a read-only memory,
making it even more dedicated than adedicated mini. It
doesn't even need hardware maintenance, because it
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can't be patched the way aboard or chassis can.
For users wholly unacquainted with the art and science of computer application, extensive support from
the vendor will be necessary. By and large, this support
is available now—in the form of users' manuals, programing manuals, application notes, and similar documentation—and it shows no signs of abating. But in all
probability, using microprocessors won't be a wholly
new experience for most people. Many engineers have
already used minicomputers in some form or have enlisted the aid of various computer-aided-design programs. And, as indicated previously, most of those who
have already tried microprocessors haven't found the
software aserious problem.
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Processors and product costs
How
microprocessors
boost profits
by William Davidow, Intel Corp., Santa Clara, Calif.

When the first single-chip microprocessors were introduced two years ago, few designers or project managers could foresee how massively these devices would
influence creation of new products and services. To
most, the microprocessor was merely another interesting
Ls! device to be evaluated and built with some memory
and interface chips into prototype equipment.
But as designers became familiar with the early microprocessors and equipment began to benefit from
them, respect grew for their capability and versatility.
Rapidly there arose an awareness throughout the electronics industries that the microprocessor was indeed a
significant extension of computer technology. Suddenly,
the concept of distributed computer power became a
reality, applicable to a host of new equipment.
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There are compelling and fundamental reasons for
the dramatic success of today's microprocessors:
• Manufacturing costs of products can be significantly
reduced by designing around microprocessors.
• Development costs and time are reduced.
• Products can be rushed to the market faster, which
enables a company to seize advantages in sales and
market share.
• Product capabilities are enhanced, and manufacturers can economically add features that boost profits.
• Product reliability is increased, leading to a corresponding reduction in both the cost of service and warranties.
Microprocessors enable designers to replace hardware with software. Using programed logic, they can
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TABLE 1:
NUMBER OF ICs REPLACED BY A READ -ONLY MEMORY
ROM size
(bits)
2,048
4,096

Gates
replaced
128 — 256
256 — 512

ICs
replaced
13 — 25
25 — 50

8,192

512 — 1,024

50 — 100

16,384

1,024 — 2,048

100 — 200

now substitute a handful of ics for a large number of
conventional random-logic networks. In such asystem,
the information about logical sequences and the output
responses provided from input signals are stored in a
few memory chips instead of in relatively expensive interconnect patterns on printed-circuit cards.
Use of microprocessors saves money and time at every stage of the product's life cycle. These savings are
passed on to the customer in products with greater capabilities and higher reliability than has ever before
been attainable. Microprocessors are not only improving the performance of established products, they are
bringing about completely new products. They are beginning to permeate every walk of life.

TABLE 2:
SYSTEM MANUFACTURING COSTS PER IC

IC

.50

Incoming inspection

.05

Pc card

.50

Fabrication

.05

Board test and rework

.10

Connector

.05

Discretes

.05

Wiring

.10

Power

.10

Cabinetry, fans, etc.

.10

Total

S1.60

cations for high-quality cards is closer to 50 cents. (In
some systems, costs of sophisticated multilayer cards
can go as high as $1 per location, and if wire-wrap assemblies are used, the cost per lc position can reach the
$2 mark.)
Next, board test and rework add another dime to system cost, while the cost of aconnector, divided by the
number of ICs per printed-circuit card, frequently exceeds 5 cents. Then the system requires such components as resistors, capacitors, and power-bus bars, which
add another 5cents per lc.
Memory replaces random logic
Systems frequently average one wire or more per lc
If microprocessors were fast enough with their pro- position, and the wires—even those installed by autogramable techniques, they could replace all hard-wired matic equipment—frequently cost more than 10 cents
logic. But as the speed of new generations of micro- each. Finally, the cost of power supplies and mechaniprocessors is increased, they will move into more and cal packaging add another 20 cents. Altogether, the
more designs now implemented with conventional ics. minimum system cost approaches $2 per IC.
Table 3shows the potential system saving in manuAnd although each new application has its unique
structure, it's possible to estimate the package reduction facturing costs that can be achieved by using a microthat accrues when hard-wired random logic is replaced processor. The savings are derived by assuming that the
typical manufacturer can save $1.50 to $3 by displacing
by programable techniques.
Again, the microprocessor replaces logic by storing a single lc, after which the cost of implementing an
program sequences in memory, rather than implement- equivalent system with a microprocessor is taken into
ing these sequences with gates and flip-flops. While it is account. In moderate volumes, a system such as the
impossible to prove quantitatively, designers use a MCS-4, made up of 16,384 bits of Rom, aprocessor, and
rough rule that they can replace one gate by using 8to a minimal amount of RAM, can be purchased for less
16 bits of memory. Therefore, if the average hard-wired than $100. This system has the potential of displacing
logic circuit contains on the order of 10 gates, Table 1 $150 to $600 of manufacturing cost in asystem.
indicates that asingle 4,096-bit read-only-memory can Reducing development time
replace 50 Ms! packages. Each new 16,384-bit ROM save
Use of microprocessors simplifies nearly every phase
as many as 200 lc packages in every design. No wonder
system designers are being so quickly convinced of the of product development. Because of the extensive design aids and support supplied with microprocessors, it
capability of microprocessors to reduce lc complexity.
Reducing manufacturing costs
Clearly, reduced lc complexity translates directly into
reduced product costs. Table 2, which presents a detailed analysis of the sources of these surprisingly high
costs, shows that the average sale price of an integrated
circuit today is approximately 50 cents. Incoming inspection and testing cost an average of 5cents more.
Many companies are now buying aged and tested circuits for their applications to increase system reliability,
and this adds about 15 cents to unit costs. A simple
printed-circuit card may cost as little as 25 cents for
each lc position, but the average cost in most appli-
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TABLE 3:
SAVINGS IN USING PROGRAMED LOGIC
ROM size
(bits)

IC
replaced

Savings

2,048

13 - 25

$19.50 - $78

4,096

25 - 50

$37.50 — $150

8,192

50 - 100

$75.00 — $300

16,384

100 - 200

$150.00 — $600

Electronics/July 11,1974

TABLE 4

HOW MICROPROCESSORS REDUCE DEVELOPMENT TIME AND COST
Conventional system

Programed logic

Product definition

Simplified because of ease of incorporating features

System and logic design

Done with logic diagrams

Can be programed with design aids (compilers, assemblers, editors)

Debug

Done with conventional lab instrumentation

Software and hardware aids reduce time

Pc card layout

Fewer cards to lay out

Documentation

Less hardware to document

Cooling and packaging

Reduced system size and power consumption eases job

Power distribution
Engineering changes

Less power to distribute
Done with yellow wire

is relatively easy to develop applications programs that
tailor the devices to the systems and then implement
these systems in very short turn-around times. Indeed, a
principal reason for the increasing popularity of microprocessors is the speed with which products can be developed, designed, and rushed to the market. Discussions with system designers indicate development cycles
have frequently been shortened by as much as six to 12
months to only afew weeks.
Table 4 tabulates anumber of the steps in asystemdevelopment cycle and the effects of the microprocessor
on the design-cycle time—designing becomes easier,
faster and less costly. Surprisingly, product definition is
frequently speeded up as soon as the decision is made to
use a microprocessor because the incremental cost for
adding features to the system is usually small and can
be easily estimated.
For example, adding such features as automatic taxcomputation to an electronic cash register may require
only the addition of asingle ROM, which has aminimal
effect on total system cost, power dissipation, and packaging requirements. But adding the same function by
means of lc logic might require two or three fairly large
pc cards filled with ssi and Ms! logic packages.
Building around microprocessors also reduces the
time needed for system design. When the engineer de-

Change program in PROM

cides to use a microprocessor, he designs by programing—potentially amore organized and faster way to design than by using logic diagrams. What's more, the
ready availability of extensive software aids, such as
simulators, assemblers, editors, compilers, and monitors, reduces the cost of program development. These
aids also reduce the time needed for system debugging.
Pc-card layout time is reduced simply because fewer
cards need to be laid out.
Getting to market fast
When product-design cycles can be shortened, obviously new products can be rushed to the market
faster. This permits companies to either beat out the
competition or effectively respond to competitive
moves. Figure 1shows what typically happens in acompetitive program when one company beats another to
the market. Assuming that both companies have about
the same marketing capability, the company that introduces the product first usually can gain agreater share
of the market (Fig. I
a) and reach amature sales volume
more quickly.
Figure 1(b) shows the price erosion characteristic of
most products during their life cycles. This erosion
means that the company introducing the product first
will not only sell more but will sell at ahigher price. In

FIRST PRODUCT
1.00

1.0
SECOND PRODUCT

°,_" 0.5

0.25

3

O

YEARS

1. Market jump.

1

2

3

4

5

6

YEARS

Microprocessor design helps get equipment to the market fast, resulting in a greater share of market than second entry (a

as product matures. What's more, first product shows a slower rate of price erosion (b).

Electronics/July 11, 1974

107

TABLE 5:
PROJECTED INCOME FROM FIRST AND SECOND PRODUCT

TABLE 6:
HOW MICROCOMPUTERS AFFECT CORPORATE PROFITS

FIRST PRODUCT
Year

Price

Unit sales

Income

1
2

S1.00
.90

.25
1.00

3
4

.80
.70
.60

1.00
.75

S .25
.90
.80

5

.25
Total

100%

100%

Cost of goods sold

-55

-45

Gross margin

S2.63

Development
8%

6%

Documentation

1.5

1

Unit sales

Income

Warranty

S.00

Marketing

.25
.75
.50

.23

3
4

S1.00
.90
.80
.70

0

5

.60

.10

.06

1
2

.60
.35

Total

S1.24

this hypothetical example, the first product to the market generates about twice the total income that the second product does (Table 5). As aresult, the advantage
gained by application of a microprocessor to achieve
early product introduction can have amuch greater impact than merely reducing manufacturing costs.
Again, since product features can be added to equipment built around microprocessors simply by adding
more program storage, many manufacturers are taking
advantage of this characteristic to increase the value of
their products. For instance, makers of point-of-saleequipment are adding automatic tax-computation to
cash registers by merely increasing the ROM size. Instrument makers are adding automatic calibration to their
instruments. Makers of vehicular-traffic-light controllers
are adding automatic sensing of traffic loads to their
basic equipment and adjusting the duration of the signals. From a profitability point of view, these optional
features, many of which are requested by the customer,
are frequently sold at 10 to 20 times the cost of adding
them. Some companies have been able to earn sizable
profits from marginal products and services through the
application of microcomputers.
Because the danger of their failure is eliminated by
replacing many ICs, the use of amicroprocessor can significantly increase system reliability. A digital system
fails most frequently because interconnects fail. The use
of a typical 16-pin IC will introduce approximately 36
interconnections in asystem (16 interconnections from
the chip to the lead frame, 16 from the lead frame to the
pc card, two interconnections from the pc card to the
back plane, and two interconnections from back-plane
point to back-plane point).
If one ROM eliminates 50 ICs, then it eliminates approximately 1,800 interconnections. While little data exists to prove the point, it is believed that the reliability
of the electronic portion of asystem can be increased by
afactor of 5to 10 by use of microprocessors.
Finally, consider the bottom line. Table 6 presents a
comparison based on information from users of the
profit-and-loss statements of ahypothetical product line

55%

45%

Engineering
Price

Year

With
microcomputers

Sales

.52
.16

SECOND PRODUCT

108

Without
microcomputers

G& A

1

1.5

20

20

3

3

Engineering and marketing costs

34%

31%

Before-tax profit

11U

24%

before and after the use of microprocessors. The product using the microcomputer has asmaller final cost because the manufacturing costs of systems containing microcomputers are generally lower than those built with
conventional ICs, and the enhanced capability of many
microprocessor-system products enables manufacturers
to charge more for their equipment.
In addition, the shortening of development cycles and
the elimination of much documentation can save acompany another 2.5%. Warranty and service costs, such as
those associated with stocking spare parts and training
service engineers, can also be greatly reduced. The net
effects of all these savings can frequently increase product-line profits by 10% to 20%.
The challenge is here. The design and cost advantages of putting computation and decision-making into
equipment are clear messages to product-planning
managers for all kinds of manufacturers, many of
whom have been outside of the orbit of the electronics
industries. These technical managers are finding that
the use of microprocessors can affect such basic ingredients of corporate success and failure as manufacturing
costs, market share, development costs, time, system
reliability, and serviceability. The advantages of microprocessors have been demonstrated already. The challenge now is to use them wisely.
D
Reprints of this special report are available at $3 each from Electronics Reprint Department.
P 0 Box 669, Highstown, N. J. 08520. Copyright 1974 by Electronics, a McGraw-Hill
Publication.

Want to learn more about microprocessors?
Here are some additional articles on microprocessors that have been published in Electronics.
Kildall. Gary, "High-level language simplifies microcomputer programing," June 27,
p.103
Altman. Laurence, "Single-chip microprocessors open up new world of applications,"
April 18, p 81.
Shima. Masatoshi. and Faggin. Federico. "In switch to n-MOS, microprocessor gets a
2-ifs cycle time," April 18. p.95
Young. Link, Bennett, Tom. and Lavell. Jeff. "N-channel MOS technology yields new generation of microprocessors," April 18. p88.
Teut, Tadaaki, Namirnoto. Kelp. and Takahashi, Yukiharu, -Twelve-bit microprocessor
nears minicomputer's performance level." March 21. p. 111.
Electronics staff, "The minicomputer comes on." Oct. 25, 1973. p.98
Gladstone, Bruce, "Designing with microprocessors instead of wired logic asks more of
designers," Oct 11, 1973, p.91
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deliver performance
and maintainability.
at an 1glhe
C
E 7itl price
If your application calls for video
digitizing of color TV and radar signals,
DDC has the line specifically designed
to meet your need for top performance
at a price you can afford.
What about performance? DDC's
new VADC 8/17 digitizer, for example,
is an 8bit, 17 MHz unit featuring integral
sample and hold. 8 bit output code is
pure binary, with ECL or TTL compatibility.
Interfaces and timing present no
problems at all. Conversion triggers on
the leading edge of the start-conversion command and a data-ready pulse
indicate that binary output is ready for
transfer — without requiring gray code
to binary conversion or stagger timing.
VADC 8/17's fast (500 v/us slew
rate) S&H allows conversion of full
scale step changes from one conversion to the next. The unit is monotonic
and has no missing codes.
Simplicity and maintainability were
other critical design parameters. The
VADC 8/17 is configured on four field
repairable p.c. cards in a wrap-around
card file (measuring just 4x5x7.8") with
interboard shields. It runs exceptionally cool (barely warm to the touch)
and is readily serviced.
And all of this was accomplished at
a truly affordable price — just $3500
in 1-4 quantities, with extremely generous OEM discounts.
Performance. Maintainability. Affordable price.
Three solid
reasons DDC
is the leader
in video digitizers.
Send for
free brochure.

VIDEO DIGIT iZER3
fur TV/ Pad rw

DDC VADC 8/17 ... features

• 60 Ps aperture time
• peak signal/rms noise ratio of 52 db
min. 4r four times NTSC color subcarrier (or 14.32 word rate)
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-

2»I

• differential phase and gain errors are
less than 3 and 3%, respectively
CDC can also provide AID, D/A and
synchro converter modules
and complete systems.

41%

71Numa
VADC-8/17
8 bit 17 MHz A/D

VADC-8/6 C
8 bit 6 MHz A/O
VDAC-8/17 C
8 bit 17 MHz D/A

ca

1_

ILC DATA DEVICE CORPORATION
A Wholly Owned Subsidiary of ILC Industries, Inc
AIRPORT INTERNATIONAL PLAZA
APPLICATION CENTERS
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Designer's casebook
Continuing biasing
improves clamping amplifier
by Jerry Graeme
Burr-Brown Research Corp., Tucson. Ariz

A clamping amplifier can be made faster and more accurate by biasing its zener clamping element so that it is
always on. This biasing technique also results in reduced clamp capacitance, sharper turn-on, broader
bandwidth, and lower thermal drift.
Clamping amplifiers or feedback limiters are frequently used to provide amplitude limiting for signal
clipping, signal squaring, or overload protection. One of
the simplest clamping elements for these applications is
azener diode.
A zener diode connected across the feedback resistor
of an operational amplifier will conduct when the opamp output level reaches the zener voltage. The zener
overrides the feedback resistor and limits the op-amp
output swing at the zener voltage. To obtain bipolar
amplitude limiting, two zener diodes are generally connected, in series-opposing fashion, across the feedback
resistor, as shown in (a).
Zener diodes used in this way, however, impose
serious limitations on the clamp because of their large
capacitance, insufficiently sharp turn-on characteristic,
high leakage current, and undesirable thermal drift.
Zener parasitic capacitance, which is typically acomparatively high 700 picofarads, can result in along turnon time for the clamp, as well as restricted signal bandwidth. For the zener to turn on, its capacitance must be
charged through resistor RI,which is often a large
value, to preserve the circuit's input resistance. Signal
bandwidth is limited because resistor R2 is capacitively
shunted by the zener.
When the zener conducts, it goes from a high-resistance state to alow one. But since this transition is not
abrupt, sharp limiting cannot be achieved, and the
clamping is rounded. Even in its high-resistance state,
the zener, through its leakage current, introduces error
into the amplifier's summing junction. Furthermore,
when the zener is on, the clamp level it sets is subject to
thermal drift since the zener will probably not be held
at its zero-temperature-coefficient current.
All of these limitations can be overcome to asignificant extent with the biased zener clamp of (b). Here, the
zener is continuously biased on so that it does not limit
the op-amp output swing until the diode bridge places
the zener in the feedback path.
Clamping occurs when the voltage across resistor R2
can support the zener voltage as well as forward-bias
two of the bridge diodes. Positive-polarity signals are
clamped when diodes D1 and D3 conduct, connecting
the zener across the feedback path. When diodes D2
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and D4 conduct, the zener limits signals of the opposite
polarity. Since the same zener is used for both signal
polarities, the output clamping will be symmetrical.
The continuous zener bias dramatically reduces the
clamp's shunt capacitance, sharpens the clamping response, and often means lower thermal drift. To reduce
thermal drift, resistor R3 is chosen to produce a zener
thermal variation that is canceled by that of two bridge
diodes. When the clamp is on, the zener current is approximately:
/z = (V+ + VF)/ R3 or (- V- + VF)/ R3
where VF is the forward voltage of ajunction diode, and
V+ and V- are the supply voltages. (This equation neglects the signal current from resistor RI,which is generally small compared to the zener current.)
Sharper clamping is achieved by avoiding the zener
turn-on characteristic and leakage current. The clamping circuit is now turned on by the bridge diodes, and
the sharper turn-on of these junction diodes improves

Whetting sharpness of zener clamp. Standard zener-type clamping amplifier (a) can be slow and sloppy because of large zener capacitance and zener leakage. But a dramatically faster and crisper
response can be obtained by adding a bridge of junction diodes to
keep the zener always biased on, no matter the input signal polarity.
The improved clamp (b) also provides more bandwidth and less drift.
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clamping sharpness by around 8:1. Zener leakage current no longer reduces signal current as the clamping
level is approached. Leakage to the amplifier summing
junction is now the much smaller leakage of junction
diodes D 1and D4.
Additionally, the capacitance of the clamping circuit
is reduced by avoiding the charging and discharging of
the zener capacitance. Only small voltage changes, the
ones produced by signal current flow in the continuously biased zener, occur across the zener capacitance.
Large voltage changes are restricted to the junction
diodes, which have afar lower capacitance than the zener. The equivalent clamp capacitance that must now
be charged through resistor R1 is merely the combined
capacitances of diodes DI and D4. Typically, this represents a 100:1 reduction from the basic zener clamp capacitance so that turn-on time is faster.
And lastly, the bandwidth-limiting capacitive shunt
on resistor R2 is reduced by more than 100: 1. Amplifier
signals that do not turn the clamp on are not even af-

LED display shows
beat frequency
by

Sergio Franco

Oberlin College, Oberlin, Ohio

A simple, easy-to-use beat-frequency indicator can be
built at acost of only about $5. The circuit, which employs four light-emitting diodes as its display, can be
used in a variety of applications, but is particularly
suited to the tuning of musical instruments.
The heart of the circuit is a 4-bit synchronous
up/down binary counter. After undergoing proper
shaping by exclusive-OR gates, input frequencies f
1 and
f
2 are applied, respectively, to the count-up and countdown terminals of the counter. The net count, therefore,

fected by the small bridge-diode capacitance. When the
bridge diodes are off, fixed voltages are established at
one end of diodes DI and Dg by the zerier and its bias
resistors. The only signal swing on these two input
shunting diodes, then, is the very small summing junction signal. The equivalent capacitive shunt of resistor
R2 is reduced to 2C F/A, where CF is the forward capacitance of ajunction diode, and A is the open-loop gain
of the op amp. (This capacitance is negligible compared
to other parasitic capacitances.)
For the components shown in the figure, large- and
small-signal bandwidths are boosted from 3kilohertz to
400 kHz; clamping sharpness error is reduced from 0.8
volt to 0.1 v; clamp leakage current is decreased from
400 nanoamperes to 7nA; and clamp-level thermal drift
is brought down from 7mv/°C to 0.6 mv/°C.
BIBLIOGRAPHY:
J Graeme, "Applications

of

Operational

Amplifiers—Third-Generation

Techniques.

McGraw-Hill. 1973.
G. Tobey, J. Graeme. and L. Huelsman, "Operational Amplifiers—Design and Applications."
McGraw-Hill, 1971.

will be in either the up or the down direction, depending on whether f
1 is greater than or less than f
2.
When fi
equals f
2,the counter alternates between two consecutive states, producing anet count of zero.
These three input conditions can be easily displayed
by means of four LEDS arranged in acircle. (A decoder
is used to drive the LEDs from the counter output lines.)
Only one LED is on at a time. Therefore, when f
1 is
greater than f
2,a dot of light is produced that rotates
clockwise; when f
1 is less than f
2,the dot rotates counterclockwise; and when f
lequals f
2,
there is no rotation.
Furthermore, since the exclusive-OR shaping network
produces a sharp negative pulse for each transition of
the two inputs, the dot of light moves one step for every
beat. The rate of apparent rotation of the dot, then, is
an exact indication of the beat frequency.
Designer's casebook is a regular feature in Electronics. We invite readers to submit original
and unpublished circuit ideas and solutions to design problems. Explain briefly but thoroughly the circuits operating principle and purpose. We'll pay $50 for each item published.

+5V
EXCLUSIVE-OR GATES: 7486
+5V

INPUT
FREQUENCIES

LEDs show the beat. Economical circuit displays the difference frequency between its two inputs, as well as indicating their relative magnitude. Since only one LED conducts at atime, what is displayed is adot of light. The dot rotates clockwise when f
lis greater than f
2 and counterclockwise when f
1 is smaller. The rate of rotation is the beat frequency. When f
iequals f
2,
the dot remains stationary.
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s>, I)G 506
The Deluxe MUX

16-Channel CMOS Analog Multiplexer

No other device available has more switches
per package or agreater dynamic analog
signal range. The DG506 also includes a4-line
binary decode network which directly interfaces TTL, CMOS and DTL.

• Enable Control—disables all 16 switches,
reduces standby power, lets you add
more channels.
• Control Inputs Directly Interface TTL,
CMOS, DTL.

• ± I5V Supplies—same as your op amps.

• Break-Before-Make Switching—
prevents dangerous channel shorting.

• ±
- 15V Analog Signal Range—more than
your op amps.

• Switching Time Less than 1p.s.

• 4-Line Binary Decode—selects one of
16 switches ON.

• Monolithic CMOS.
15V
200

-15V
200

200

00506

GNP

V
TEMP
TEMP

V
STRAIN

5.
SONIC

LOGIC INTERFACE AND DECODE

_y

VOLTAGE
CALIBRATE

OPTIC

A.

POSITION
.
VELOCITY
TO ADDITIONAL CHANNELS

ON/OFF

4-BIT BINARY COUNTER

SCAN RATE

Typical Application: Sequential 16-Transducer Scanner (8 channels illustrated)

Applications
• Process Control Systems
• Data Acquisition and Routing
• Telemetry Systems
• Analog Commutating Systems
Don't need 16 channels? The creators
of the DG506 have extended this unique

family to offer the greatest selection of
CMOS analog switches:
DG200—Dual SPST
DG20I—Quad SPST
DG507-8-Channel Differential MUX
(16 switches)
DG508-8-Channel MUX
DG509-4-Channel Differential MUX
(8 switches)

For further information

write for data
IC Applications: (408) 246-8000, Ext. 120

Siliconix incorporated
2201 Laurelwood Road, Santa Clara, California 95054
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PDP-8/A
Computers for $572.
Fresh from
The OEM Factory.
A lot of people needing
computers are stopped cold
by the price. But here's a
start-up computer that's easy
to warm up to. Digital's miniprocessor. The PDP-8/A.
It's 1.5 microseconds fast. Has
1024 words of memory included in the basic processor.
And is expandable to 32K.
The OEM Factory rolls out
this minicomputer at microprocessor prices —just $572
in quantities of 100 for the
two-board version. And en
quantities of 100, you can get
the packaged system for
only $1117.
Suddenly there's alot more
you can do with acomputer
economically.
Whether you use it as acontrol module, or the brain
behind an intelligent terminal,
or the computer power for a
host of new applications, the
PDP-8/A has alot to offer.

It's completely compatible
with all the software and
peripherals of the famous
PDP-8 family encompassing
over 25,000 installations.
And for systems planning,
integration, and maintenance,
there's Digital's unsurpassed
support and service.
Just what you'd expect
from the world's largest supplier of minicomputers and

modules. A worldly $572
computer.
Digital Equipment Corporation, Maynard, Mass.
01754 (617) 897-5111,
Ext. 3356. European headquarters: 81 route de l'Aire,
1211 Geneva 26. Tel: 42 79 50.
Digital Equipment of Canada
Ltd., P.O. Box 11500, Ottawa,
Ontario K2H 8K8.
(613) 592-5111.
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Engineer's notebook
Dc differential voltmeter
resolves 1microvolt
by James Williams
Massachusetts Institute of Technology, Cambridge. Mass.

If you're dissatisfied with the choice of commercially
available dc differential voltmeters, here's a high-performance unit that you can build yourself for about
$800. Besides functioning as a high-resolution differential voltmeter, this instrument can serve as a picoammeter or an an adjustable voltage-reference
source. It affords good stability, an absolute five-place
accuracy of ±0.001%, and aresolution of 1microvolt. It
also provides an output for a ground-referenced stripchart recorder and overload protection for its nullmeter.
The voltmeter is intended for use with standard cells,
temperature-compensated zener diodes, and other precision low-voltage sources. Its input voltage range is 0to
10 v, and its operating temperature range is 20°C to
30°C.
In general, a high-resolution differential voltmeter
makes ameasurement in aclassical potentiometric way.
A stable voltage reference is placed across a variable
voltage divider, whose output is applied to one input of
ahigh-sensitivity voltmeter. The voltage to be measured
is applied to the other input of the voltmeter. When the
divider is adjusted to the same potential as the unknown voltage, the voltmeter will read zero. Since no
current flows through the voltmeter during null, the unknown voltage sees an infinite impedance.

The block diagram of the voltmeter is given in Fig. 1.
The instrument includes ahigh-stability solid-state voltage-reference source and anullmeter having afull-scale
resolution as fine as 5p.v. Since the input impedance of
the nullmeter is known, the unit can also function as a
highly accurate picoammeter for determining low-level
offset and bias currents. If the meter goes off scale, there
are indicators to show which way to bring the meter
back on scale.
The output for the ground-referenced stripchart
recorder is derived from the floating nullmeter without
introducing leakage across either the voltage divider or
the voltage to be measured. The buffer amplifier connected to the divider permits the voltmeter to be used as
a variable voltage-reference source that can be set to
within ±
0.001%.
Briefly, here's how the instrument works. The ac line
furnishes power to both the 125-v unregulated supply
and the two ±
-15-v supplies, one of which is floating.
The 125-v supply acts as a pseudo-current source while
driving the voltage-reference source. The output of the
reference, which is approximately 12.6 v, is resistively
scaled to 10.000000 v (at 25°C) across the Kelvin-Varley
voltage divider. The divider's output is buffered by an
ultra-stable unity-gain amplifier that provides the
REFERENCE OUTPUT terminal for the instrument. When
the output from the divider equals the unknown voltage, the nullmeter will read zero so that the unknown is
then equal to the divider setting.
For the ±15-v primary power supply (Fig. 2a), a
monolithic tracking voltage regulator is wired in its
standard configuration. The two 10-ohm resistors provide overload sensing, and the capacitors smooth out
and prevent spurious oscillations. System ground is at
ac LINE

ac LINE

RECORDER
INTERFACE

+125-V
REFERENCE
POWER

OVERLOAD
PROTECTION

REFERENCE
SOURCE AND
SCALING CIRCUITRY

NULLMETER

KELVIN-VARLEY
VOLTAGE DIVIDER

viv
±15-V
PRIMARY
SUPPLY

INSTRUMENT
GROUND
UNKNOWN
VOLTAGE

±15-V
FLOATING
SUPPLY

ac LINE

o
REFERENCE
OUTPUT

BUFFER

1. Performance plus trimmings. This high-resolution differential voltmeter takes advantage of modern solid-state technology to provide
both accuracy and stability at reasonable cost. Its floating nullmeter, which is protected against overloads, assures a true differential measurement. The instrument also has asettable voltage-reference output, as well as aground-referenced output for astripchart recorder.
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+INPUT AND TO
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SELECTED' COMPONENTS OR
DYNAGE 200-6 POTTED MODULE

TERMINAL
12.5 kf2
(0.1%)
WIREWOUND

'TUNE ZENERS FOR ZERO TEMPERATURE COEFFICIENT

DIVIDER

TELEDYNE/PHILBRICK 1018

**JULIE RESEARCH LABS R/44, 0.005%, 0.5 ppm/°C
c

••`SUPPLIED WITH OP AMP

2. The voltage sources. The voltmeter's primary ±15-V supply (a) is ground-referenced, but the ±15-V supply (b) for its null detector is floating. The ultra-stable reference source (c), which is used to match the unknown voltage, contains an array of specially selected zeners.
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3. Precision null detector. A chopper-stabilized amplifier is at the heart of the instrument's null detector. A T-type feedback network, which
is used to set amplifier gain, minimizes leakage problems and keeps the sizes of the feedback resistances at practical levels.
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4. The outputs. A ground-referenced output for a stripchart recorder is developed from the null-detector's output by isolating the floating
detector with an optical coupler. LED indicators show which way to null the meter. The reed relay disconnects the meter during overloads.

the transformer common, and all common power returns are brought to this point. There are no common
power bus lines in the instrument—a precaution that
must be taken to avoid corrupted grounds. Moreover,
an rfi filter is used to block spikes from the ac line. A
similar circuit, (Fig. 2b), but one with afloating ground,
is used for supplying the instrument's null detector.
The voltage-reference source (Fig. 2c) is powered by
the voltage derived from the transformer and its rectification components. The cascaded temperature-compensated zener diodes are specially selected for optimum
matched parameters and are aged to produce stabilities
greater than those of unsaturated standard cells. But a
commercially available module can be used instead, if
desired.
The reference output is scaled to 10 v across the
divider. An ultra-stable, low-bias-current op amp buffers the output of the divider for the instrument's
nullmeter input and its REFERENCE OUTPUT terminal.
The output current for the voltage reference can range
from 0to 3.5 milliamperes. Its stability is ±
-1ppm for a
10% shift in line voltage, ±
2 ppm for a PC change in
operating temperature, and ±5 itv maximum over a24hour period.
The instrument's null detector (Fig. 3) is designed
around achopper-stabilized amplifier. Since it is powered by afloating supply, this amplifier sees atrue differential signal at its inputs. The power common line is
used as one of the inputs, but the power and signal common returns are separated to minimize grounding loops
and noise. A T-type feedback network sets amplifier
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gain, helps to hold feedback resistances to practical levels, and avoids leakage problems.
Overload protection for the meter movement and the
output for astripchart recorder are provided by the circuit of Fig. 4. The ground-referenced recorder output
preserves the integrity of the nullmeter's true floating
ground and simplifies the interfacing of the recording
device.
The input for this circuit, which is the output from the
null detector, drives the pulse-amplitude modulator
formed by the transformer and transistors Qi and Q2.
The signal is chopped at the frequency set by the multivibrator made up of transistors Q3 and Q4. The chopping drive signal must be fed through an optical isolator
because the multivibrator, which is the source of the
chopping signal, is instrument-grounded. The signal
that appears at the transformer secondary is demodulated synchronously by transistors Q5 and Q6. The multivibrator's trim resistor is selected to give asymmetrical
swing about zero at the demodulated output. This output is then amplified for the recorder hookup.
The input for the overload protection circuit is taken
from the signal developed for the stripchart recorder.
The first stage of this circuit takes the absolute value of
the recorder output. When the meter is overloaded,
transistor Q7 conducts. If the base voltage of transistor
Qs is high, the meter is off scale in its plus zone, and the
TURN DIALS LEFT indicator will light. If Q8's base is low,
the meter is off scale in its minus zone, and the TURN
DIALS RIGHT indicator will come on. In either case, the
reed relay disconnects the meter during an overload. Li
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input signal being applied to the shift register:

Bucket-brigade shift register
generates constant phase delay
by F.E. Hinkle
University of Texas, Applied Research Laboratories, Austin, Texas

f
,= Nfin
where N is the divide-by integer in the phase-locked
loop, and f
in is the input frequency. When the frequency of the phase-locked loop is applied to the shift
register as the bit-shift frequency, the new time delay of
the register is:

T = M/2N.
An
A digitally programable constant-phase-delay network
The delay time-to-angle conversion for the input sine
makes an interesting application for a bucket-brigade
analog shift register. The circuit generates a phase de- wave can be defined as:
lay, in degrees, that is independent of the frequency of
delay angle = (r/
360° = (Tfi n)X 360°
the signal to be phase-shifted.
The analog shift register works in conjunction with a where T, n is the period of the input waveform. Substiphase-locked loop so that the input frequency forms the tuting for or in this equation yields:
time delay needed for aconstant phase delay. The regisdelay angle = (M/2N) X 360°
ter delays the input by:
The delay angle of the input waveform, therefore, is inM/2f,
dependent of that waveform's frequency. By using a
where M is the number of register-delay elements or programable divide-by-N circuit, the amount of the debits, and 1; is the frequency of the bit shift (biphase lay angle can be adjusted in the desired increments. For
this circuit, when M = N = 185, the delay angle is 180°
clock).
Since the frequency for shifting the analog bits is a for all frequencies within the range of the phase-locked
function of the input frequency, the delay time will also loop. The circuit's major limitation is the lock-on range
be afunction of input frequency. A phase-locked loop is of the phase-locked loop.
used as afrequency multiplier, with adivide-by-N netEngineer's Notebook is aregular feature in Electronics. We invite readers to submit original
work in its feedback path. During lock, the frequency of design shortcuts, calculation aids, measurement and test techniques, and other ideas for
the phase-locked loop will be an integral multiple of the saving engineering time or cost. We'll pay 850 for each item published.

Tni) X

The analog shift register

ITT TCA350
ANALOG SHIFT
REGISTER
M BITS

LOWPASS
FILTER

OUTPUT

BIPHASE
CLOCK
SIGNETICS
NE565

PHASE-LOCKED
LOOP

1
0/N

DIVIDE-BY-N

f

PROGRAMABLE
DIVIDE-BY-N

Controlled phase shift. Bucket-brigade analog shift register and a
phase-locked loop provide a constant phase delay that is independent of the input frequency. The phase-locked loop determines the
bit-shift frequency of the register, and a divide-by-N circuit sets the
frequency of the phase-locked loop. The delay can be made variable

Not too long ago, Electronics reported on the MOS
bucket-brigade approach to building acharge-transfer
device [Dec. 6, 1971, pp.86-91, and Feb. 28, 1972,
pp.62-71]. One of the practical hardware functions of
the bucket-brigade technology is an analog shift register [Nov. 22, 1971, pp.112-114]. Such a device is a
rather unusual circuit that will store bits of analog data
and delay them as a function of the input clock frequency.
The register used here, in the constant-phase-delay
network, is made by ITT Semiconductors in Palm
Beach, Fla. It will delay the input waveform by 185
stages. All that is required is a biphase clock, which
can be as fast as 500 kilohertz, plus a low-pass filter at
the output to remove the clocking waveforms. The
register's output waveform will be an accurate sampled replica of the input, delayed by 185 clock pulses.
Since the shift register runs from negative voltages,
some form of voltage-level conversion is necessary
when TTL digital circuits are used to generate the
biphase symmetrical clock signals. Another method of
clock generation is to use C-MOS integrated circuits
with the drain supply tied to ground and the source
supply connected to a negative voltage. (A C-MOS
decade counter can then be wired as a divide-by-four
circuit and two of its outputs taken for the biphase
clock.) The clock circuitry can be used to drive a number of registers simultaneously.
The type TCA350 shift register employed in the
phase-shift network is housed in a TO-77•metal can. It
costs less than $10.

by adding a programable divide-by-N circuit as indicated.
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Engineer's newsletter
Crucial EE pension
clause encounters
snag in House

Ge diodes do better
at temperature
compensation

Two tapes tell all
about metrication

When to fuse adc
power supply

An easy way
to breadboard that
third pcb layer

120

Just when the pension reform bill, H.R. 2, giving engineers and other
professionals a more liberal set of pension regulations looked like a
sure thing in the House of Representatives, one of the key measures
concerning EES suddenly ran into trouble. The item dealt with an automatic provision to include rights for engineers working for Government
contractors to transfer and retain pension funds. At the last minute, this
clause was sent to the Department of Labor for "further study"—tantamount to sweeping it under a bureaucratic rug. Having crowed
prematurely about the pension legislation, the IEEE is hopping mad,
and aletter-writing campaign to congressmen is being considered.

An inexpensive germanium diode—to be specific, the venerable type
1N198—makes an excellent temperature-compensation device for the
base-emitter junction of ageneral-purpose silicon transistor, says Dale
Hileman of Sphygmetrics Inc. in Woodland Hills, Calif. Normally silicon junctions are used, but they're tough to bias, requiring several hundred millivolts before they'll conduct. Not so with germanium. The
lower forward-barrier of agermanium diode's junction makes it possible
to compensate a silicon transistor simply by connecting the diode in
series with the ground-return path of the transistor's base circuit (the
diode's cathode faces ground). And the IN198 device has just the right
forward-voltage-versus-temperature characteristic for the job.

For many designers the question is no longer whether to go metric, but
how to make the change. Honeywell's Process Control division, Fort
Washington, Pa., has an answer—two video tapes and some supplementary worksheets. The hour-long tape provides a thorough discussion of metrication for engineers, technicians, and shop personnel. The
second is an 18-minute job (without buzzes) aimed principally at clerical personnel; its main emphasis is on spelling and the proper use of
upper- and lower-case letters in abbreviations. Cost of the engineering
tape and worksheets is $500; the other package goes for $250.

The outputs of dc power supplies are not usually protected by fuses
nowadays because modern power supplies almost invariably include current-limiting circuitry of the "foldback" type. What some users of these
supplies don't realize, however, is that operation of the current-limiting
circuitry can be seriously compromised if the supply is being used to
power alargely reactive load. In this situation, the wise designer puts a
fuse into the output circuit, current-limited or not.

Here's some welcome help for prototype breadboarding of those troublesome three-layer circuit boards —a job that usually takes an expensive full-scale design. Circuit-Stik Inc., Torrance, Calif., which makes
circuit-board patterns on very thin adhesive-backed fiberglass for prototyping conventional boards, has now developed sheets of adhesivebacked fiberglass that make nifty three-layer boards when combined
with existing patterns, copper tape, and boards. The material comes in
two sizes: 3by 4inches, and 5by 6in.
—Laurence Altman
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TYPE -256 x 1Static SOS/CMOS Ram
NUMBER -INS4200
READ CYCLE TIME -180 nS
WRITE CYCLE TIME -140 nS
QUIESCENT POWER DISSIPATION -40.uW @ 10 V
INPUT CAPACITANCE -6.5 pF
SUPPLY VOLTAGES -5 to 15 volts
OUTPUT -Three-state TTL compatible, full address
decoding and bipolar compatible pin-outs.
PACKAGE -16 pin dual-in-line
PRICE -Mil Range (100-999) $38.00
Comm. Range (100-999) $21.00

Only Inselek makes the lowest power, highest speed 256x1 Static

2

SOS/CMOS RAM currently available. And the price is only $38.00 in
the military range and $21.00 for the commercial version (100-999).
Excellent prices when you consider the added benefits you're
getting with our proven SOS technology ... exceptional reliability, high speed and low power. With an Inselek INS4200
Ram, a minimum number of additional components are required due to the 3 chip select inputs, especially when
employed with large memory arrays. For the applications
minded engineer or manager, you'll be glad to know
that they're perfect for use in point-of-sale systems,
mini & micro computers, computer peripherals,
calculators & portable electronic systems. One
more point. The Inselek INS4200 Ram is fully
compatible with other CMOS and TTL devices. Check the specs above and then
contact Bob Burlingame, your applications engineering specialist at
Inselek. Bob will be glad to discuss
your specific requirements. Call
Bob collect at (609)452-2222,
or write him at INSELEK, Inc.,
743 Alexander Road,
Princeton, New Jersey
08540.

TM
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d
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It

SALES OFFICES IN:
CONCORD, MASS (617) 369-5298
LOS ANGELES, CALIF. (213) 889-2788

DISTRIBUTORS
West Coast -WESTATES (213)341-4411 • New England-GREEN SHAW (617 )969-8900 • Mid-Atlantic -WILSHIRE ELECTRONICS (609) 786 -8990
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Circle 121

on reader service card
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ENTER +
This is your key to unprecedented
calculating power.
Only Hewlett-Packard offers it.
In 1928 a Polish mathematician, Dr. Jan
Lukasiewicz, invented aparenthesis-free but
unambiguous language. As it's evolved over the
years it's come to be known as Reverse Polish
Notation (RPN), and it's become astandard
language of computer science.
Today, it's the only language that allows you to
"speak" with total consistency to apocket-sized
calculator. And the only pocket-sized calculators
that use it are Hewlett-Packard's.
ENTER+ is the key to RPN because it enables
you to load data into a4-Register Operational
Stack with the following consequences:

112351

lox
ex .

1
.You can always enter data the same way,

s

the same way. Once you've entered anumber
you ask: "Can Ioperate?" If yes, you perform
the operation. If no, you press ENTER+ and
key in the next number.

FIX

D.MS -•

STO

131

RAD

GRD

DEG

99

sci

-*D.P.AS

i.e. from left to right, the natural way to read
any expression.

2.You can always proceed through your problem

I 9

A%

CLEAR

ENTER f
cm/in

kg/lb

LAST X

ir

aYou can see all intermediate data anytime, so
you can check the progress of your calculations as you go.

4.You almost never have to re-enter intermediate
answers:--a real time-saver, especially when
your data have eight or nine digits each.

You don't have to think your problem all the
5. way
through beforehand to determine the best
method of approach.

I-

6.You can easily recover from errors since each

operation is performed sequentially, immediately after pressing the appropriate key, and
all data stored in the calculator can be easily
reviewed.

WtT

F.ACKAFICI

You can communicate with your calculator
efficiently, consistently and without ambiguity.
You always proceed one way, no matter what
the problem.
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The HP-45 uses RPN.

New low prices.

That's one reason it's the most powerful preprogrammed pocket-sized scientific calculator.
Here are 8others:

1
.It's pre-programmed to handle 44 arithmetic,
trigonometric and logarithmic functions and
data manipulation operations beyond the
basic four (+,
x, ÷),

2.
Y
X

It offers a4-Register Operational Stack that saves intermediate answers and
automatically retrieves them
when they are required in
the calculation.

It lets you store up to nine separate
constants in its nine Addressable
Memory Registers.

4.It gives you a"Last X" Register for error

correction or multiple operations on the same
number. If you get stuck midway through a
problem, you can use the "Last X" Register
to unravel what you've done.

=
Sc'
e—P• IN It displays up to 10 significant digits
in either fixed-decimal or scientific
notation and automatically positions
the decimal point throughout its
200-decade range.
D. MS

325.

HP-45: $325*

HP-35: $225

Now the exceptional value of these exceptional
instruments is even more apparent, because we've
cut their prices by $701' You can now own the world's
most powerful pocket-sized pre-programmed
scientific calculator, the HP-45, for only $325? The
HP-35 now costs just $225?

Send for our booklet
"ENTER vs. EQUALS."
It demonstrates the superiority of
Dr. Lukasiewicz' language by
comparing it to other calculators'
systems on aproblem-by-problem
basis, and it explainsthe algorithm
shown above which lets you
evaluate any expression on acalculator that uses RPN and an
Operational Stack. This booklet is
must reading for anyone seriously interested in
owning apowerful pocket-sized calculator.

The coupon gets you detailed
specifications of either the HP-45 or
the HP-35 plus the booklet.
Just check what you want and send it along.
We'll get your information back to you by return mail.
Hewlett-Packard makes the most advanced
pocket-sized computer calculators in the Nfflrld.

It converts angles from
decimal degrees, radians
or grads to degrees/minutes/
seconds and back again.

HEWLETTàî PACKARD
Sales and service from 172 offices in 65 countries.
Dept. 214G, 19310 Pruneridge Ave., Cupertino, CA 95014.

It converts polar coordinates to rectangularcoordinates ... or vice-versa.
In seconds.
Its Gold"Shift" Key doubles the functions of 24 keys which increases the
HP-45's capability without increasing its size.

The HP-35 uses RPN too.
If the HP-45 is the world's most powerful preprogrammed pocket-sized scientific calculator, the
HP-35 is runner-up. It handles 22 functions, has a
4-Register Stack, one Addressable Memory Register
and also displays up to 10 digits in either fixeddecimal or scientific notation.

614/17

Hewlett-Packard
Dept. 214G
19310 Pruneridge Avenue
Cupertino, CA 95014
Please send the booklet. "ENTER vs. EQUALS:'
Detailed specifications on your HP-35.

D Detailed specifications on your HP-45.
D HP-35(s) at $225' each plus state and local taxes.
(Check enclosed.)
HP-45(s) at $325' each plus state and local taxes.
(Check enclosed.)
Name
Company
Street
City

State

7ip

Domestic US& prices, not including applicable state and local taxes.
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Circle 123 on reader service card
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The big difference between
these high-frequency sweepers
is $320.
The little differences are on the front panel
(a start/stop mode of operation and a tape
drive readout). Some people think they add
up to $320. For them, we built the 2001.
And for those people who don't require
these features, we built the 2000. The 2000
is the only sweeper under $1400 to offer
frequency coverage of 1MHz to 1.4 GHz,
solid-state design, calibrated RF output from
—80 to +10 dBm, P.I.N. diode leveling and a
crystal-controlled marker system.

Model 2000
$1375

Circle 124 on reader service card

In addition, its frequency, bandwidth,
and output level are programmable, making
it ideal for production test and systems use
as well as in the design laboratory. If you're
still not sure which sweeper we built for you,
send for more information. Just circle the
reader service number or give us a call.

NA/Ave-rEK0

INDIANA INCORPORATED
P.O. Box 190, 66 North First Ave., Beech Grove, Indiana 46107
Tel. (317) 783-3221 TWX 810-341-3226
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Model 2001
$1695

New products

Portable tester checks complex logic
Low-cost unit with capabilities of minicomputer-controlled
systems combines both programed and pseudorandom test patterns
by Paul Franson, Los Angeles bureau manager
The units test boards with up to
Best known for its test software ca223 pins at clock and pin-change
pabilities, Mirco Inc. set up a hardrates of 500 kilohertz to 700 kHz,
ware subsidiary about a year ago.
very much faster than the 500-hertzAnd now the subsidiary, called
Mirco Systems Inc., is announcing a to-5-kHz rates of minicomputer-controlled testers. This speed is espeline of benchtop logic-board testers
cially important in large memorythat sell for a base price between
filled boards, where tens of thou$6,000 and $12,000, yet are said to
sands of steps may be required for
have the test capability and flexibiladequate testing.
ity of minicomputer-controlled sysThe testers also permit both
tems costing five to 10 times more.
pseudorandom (fixed-sequence) and
The extremely low price of the
testers, called the Mirco 500 series,
programed stimuli/response patterns, each most suitable for certain
is expected to make automatic testtypes of boards. The programing caing practical for in-house and fieldservice applications, and
also reduce board inventory substantially.
Moreover, the compact
50-60 pound systems are
capable of testing large
and complex logic-circuit
boards.
Mirco Systems marketing vice president
Robert E. Anderson, attributes much of the testers' cost and performance advantages to a
special-purpose microprogramed TTL test processor with a 200-nanosecond cycle time, 10
times faster than a typical minicomputer. Other
design innovations include a technique for
compressing test programs into a minimum
amount of memory, the
separation of test functions from programing
functions, and a custom
monolithic pin-driver/
sensor for each of the inLoading test program. Magnetic-tape cassette is one of
put/output pins of the
for loading test program into logic-board tester.
board under test.
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pability can be used to initialize
boards, for example, followed by up
to 10' 2 steps chosen from 255 difference sequences, applied at 400 kHz.
Programing variety. Several approaches can be taken to programing the testers for specific boards.
Easiest and least expensive for a
customer with relatively few complex boards, says Anderson, is to
buy the programs from Mirco,
ready to run on the machine. Programs can also be prepared using
software available on the General
Electric Mark III time-sharing system, or with the Mirco
Flash software plus an
existing minicomputer
system. Finally, for approximately $15,000,
users with heavy programing loads can buy
Mirco's model 620 programing station. This
station plus atester costs
less, incidentally, than a
full computer-controlled
test system with programing capability and
permits the user to buy
additional testers minus
their usual programing
capability.
Mirco also has test
programs to convert programs written for General Radio, Teradyne,
Computer Automation,
and Membrain test systems to the test language
required. Possible faultisolation procedures include fault dictionaries
generated by the Flash
software and logic-probing guides.
four vehicles
An important factor in
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New products
price and size in a tester is the pin electronics, which
provides the drivers to the inputs and the sensors for the
outputs of the board under test. Mirco uses a custom
monolithic circuit compatible with TTL (space is provided for special adapter circuitry to other levels if required). Driver high-level is 4.3 volts with a 10-milliampere source-current limit, and low-level is 0.5 v at 50mA sink. Slew rate is 100 v per microsecond. Sensor
threshold is 1.4 v at 100-kilohms/100-picofarads input
impedance. Sixty-four pins are standard, with expansion by sets of 32 to 224 (with one for the probe). Power
supply to the logic board is 6A at 5v, adjustable from
3.5 to 5.5 vfor testing performance at limits.
Four models are made by Mirco. The 510 uses programable ROMs for program storage and entry. Up to
12,288 bytes of erasable storage hold five to 10 programs that can be selected with a thumbwheel switch.
The other three models use up to 8kilobytes of randomaccess memory (4 kilobytes is standard), which Anderson claims is three times the capacity of conventional
minicomputer-system storage because of the efficient
programing and organization. The 520 uses magnetictape cassettes for program entry, with 160 kilobytes on
one tape accessible at 1,000 bytes per second, and the
530 uses paper tape at 100 bytes per second. An accessory to the 530 is the 610 tape-cassette unit/Rom
programer and data link.
The other model in the series is the 540, with adata
link to the EIA RS-232 channel for entry from the Mirco
620 programing station or another suitable minicomputer.
Mirco can supply programing for specific boards in
PROM, cassette, or paper tape.
The testers will be available for delivery in October.
They operate on 117 or 234 v at 300 watts. They measure 9 by 23 by 16 inches, so can fit under an airplane
seat. The editor and assembler software for a suitable
computer configuration is supplied.
Mirco Systems Inc., 2106 West Peoria Ave., Phoenix, Ariz. 85029
[338]
Complicated test. The model 520 logic-circuit tester is shown
checking out acomplex board belonging to apopular minicomputer.
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ITT STOCKING
DISTRIBUTORS
ALABAMA
Birmingham
ACK Radio Supply Co.
Tel: 205-322.0588
Huntsville
Cramer/EW Huntsville, Inc.
Tel: 205 539-5722
ARIZONA
Phoenix
Cramer/Arizona
Tel: 602-263-1112
Hamilton/Avnet Electronics
Tel: 602.275-7851
CALIFORNIA
Chatsworth
Westates Electronics Corp.
Tel: 213-341-4411
Culver City
Avnet Electronics
Tel: 213-836-7200
Tel: 714-522-8220
Hamilton Electro Sales
Tel: 213-870-7171
Tel: 714-522-8200
Irvine
Cramer/Los Angeles
Tel: 714-979-3000
& 213-771-8300
Los Angeles
Radio Products Sales, Inc.
Tel: 213-748-1271
Menlo Perk
Bell Electronic Corp.
Tel: 415-323-9431
Mountain View
Hamilton/Avnet Electronics
Tel: 415-961-7000
San Diego
Cramer/San Diego
Tel: 714-565-1881
Hamilton /Avnet Electronics
Tel: 714-279-2421
Sunnyvale
Cramer Electronics
Tel: 408-739-3011
COLORADO
Denver
Cramer Electronics
Tel: 303-758-2100
Hamilton/Avnet Electronics
Tel: 303-534-1212
CONNECTICUT
Georgetown
Hamilton/Avnet Electronics
Tel: 203-762-0361
North Haven
Cramer Electronics
Tel: 203-239-5641
FLORIDA
Hollywood
Cramer/EW
Tel: 305-923-8181
Hamilton/Avnet Sales
Tel: 305-925-5401
Orlando
Cramer/EW Orlando
Tel: 305-894-1511
GEORGIA
Atlanta
Cramer Electronics
Tel: 404-448-9050
Norcross
Hamilton/Avnet Electronics
Tel: 404-448-0800
ILLINOIS
Des Plaines
Edmar Electronics Co.
Tel: 312-298-8580
Elmhurst
Semiconductor Specialists
Tel: 312-279-1000
Mt. Prospect
Cramer/Chicago
Tel: 312-593-8230
Schiller Park
Hamilton /Avnet Electronics
Tel: 312-678.6310
INDIANA
Indianapolis
Semiconductor Specialists
Tel: 317-243-8271
KANSAS
Lenexa
Hamilton/Avnet Electronics
Tel: 913-888-8900
MARYLAND
Baltimore
Arrow Electronics, Inc.
Tel: 301-247-5200
Gaithersburg
Cramer/EW Washington
Tel: 301-948-0110
Hanover
Cramer/EW Baltimore
Tel: 301-796-5790
Hamilton/Avnet Electronics
Tel: 301-796-5000

MASSACHUSETTS
Burlington
Hamilton /Avnet Electronics
Tel: 617-273-2120
Newton
Cramer Electronics
Tel: 617-969-7700
Cramer/International
Tel: 617-969-7700
Greene-Shaw Co., Inc.
Tel: 617-969-8900
MICHIGAN
Detroit
Semiconductor Specialists
Tel: 313-255-0300
Livonia
Cramer /Detroit
Tel: 313-425-7000
Hamilton /Avnet Electronics
Tel: 313-522-4700
MINNESOTA
Edina
Cramer/Bonn
Tel: 612-835-7811
Hamilton /Avnet Electronics
Tel: 612-941-3801
Minneapolis
Semiconductor Specialists
Tel: 612-854-8841

Dayton
Hamilton /Avnet Electronics
Tel: 513-433-0610
Dayton-Cleveland
Hamilton/Avnet Electronics
Tel: 216-289-0550
OREGON
Seattle-Portland
Hamilton/Anet Electronics
Tel: 503-224-9450
PENNSYLVANIA
Philadelphia-Mt. Laurel
Hamilton/Avnet Electronics
Tel: 215-831-1300
TEXAS
Dallas
Cramer/Texas
Tel: 214-350-1355
Texas WATTS 800-492-6940
Hamilton /Avnet Electronics
Tel: 214.661-8661
Dallas-Ft. Worth
Hamilton/Avnet Electronics
Tel: 817-275-6561
Houston
Hamilton /Avnet Electronics
Tel: 713-526-4661
Richardson
Altair Co., Inc.
Tel: 214-231-5166

MISSOURI
UTAH
Hazelwood
Hamilton /Avnet Electronics Salt Lake City
Cramer/Utah
Tel: 314-731-1144
Tel: 801-487-4131
Kansas City
Hamilton /Avnet Electronics
Semiconductor Specialists
Tel: 801-262-8451
Tel: 816-452-3900
St. Louis
WASHINGTON
Olive Industrial Electronics
Bellevue
Tel: 314-863-7800
Hamilton/Avnet Electronics
Tel:
206-746-8750
NEW JERSEY
Seattle
Cedar Grove
Cramer
/Seattle
Hamilton/Avnet Electronics
Tel: 206-762-5755
Tel: 201-239-0800
WASHINGTON, D. C.
Cherry Hill
Baltimore
Cramer/Pennsylvania, Inc.
Hamilton/Avnet Electronics
Tel: 609-424-5993
Tel: 301-953-7010
Clifton
Wilshire Electronics/N.J.
WISCONSIN
Tel: 201-365-1150
Oak Creek
Moonachie
Cramer/Wisconsin
Cramer/New Jersey
Tel: 414-764-1700
Tel: 201-935-5600
CANADA
Mt. Laurel
Downsview,Ontario
Hamilton/Avnet Electronics Cramer /Canada, Ltd.
Tel: 609-234-2133
Tel: 416-661-9222
Pennsauken
Halifax, Nova Scotia
Resco Electronics
Consolidated Supply Co.Ltd.
A Div. of Astrex. Inc.
Tel: 902-454-8581
Tel: 609-662-4000
Mississauga, Ont.
NEW MEXICO
Hamilton /Avnet Electronics
Albuquerque
Tel: 416-677-7432
Cramer/New Mexico
Montreal, Quebec
Hamilton/Avnet Electronics
Tel. 505-265-5767
Hamilton/Avnet Electronics Tel: 514-735-6393
Tel: 505-765-1500
Ottawa
Hamilton /Avnet Electronics
NEW YORK
Tel: 613-725-3071
East Syracuse
Vancouver, B. C.
Cramer Electronics
Cam Gard Supply, Ltd.
Tel: 315-437-6671
Hamilton/Avnet Electronics Tel: 604-291-1441
Winnipeg, Manitoba
Tel: 315-437-2642
Cam Gard Supply, Ltd.
Endwell
Tel: 204-786-8401
Cramer Electronics
Tel: 607-754-6661
ITALY
Freeport
Roma
Milgray Electronics
Cramer ¡Italia
Tel: 516-546-6000
Tel: 51-393-87
Hauppauge, L. I.
and 51-393-90
Cramer/Long Island
PUERTO RICO
Tel: 516-231-5600
De San German
Rochester
Cramer/Puerto Rico
Cramer Electronics
Tel: 809-892-1130
Tel: 716-275-0300
San Juan
Westbury L.I.
ITT Caribbean e
Hamilton/Avnet Electronics Sales & Service
Tel: 516-333-5800
(P.R.) Inc.
NORTH CAROLINA
Tel. 809-767-5050
Winston-Salem
809-766-2408
Cramer/EW Winston-Salem
Tel: 919-725-8711
OHIO
Cincinnati
Cramer/Tri-States
Tel: 513-771-6441
Cleveland
Cramer/Cleveland
Tel: 216-248-8400

T

SEMICONDUCTORS Worldwide
Circle 126 on reader service card
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When you need reliable rectifiers, take your lead from ITT. The
latest technology makes our products both reliable and cost-competitive. For example, consider the leads on our 1-amp glass-passivated device. They're weldable, bendable, and they pass tough
pull tests with ease. You can specify our 1-amp rectifiers with confidence for the cut-and-bend operations of automated insertion
equipment. Our technology results in high reliability for 400 mA
and 1A glass as well as 1A and 3A plastic. For a good deal, go
with the reliable people who hold all the cards—including zeners,
diode arrays, silicon transistors and silicon, germanium and tuner
diodes. Write today for our handy cross-reference guide.
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WANT A 16K BY 20
650 NSEC. MEMORY
ON A SINGLE CARD?

YOU
JUST
FOUND
IT

Not only do we have just the memory you're looking
for, we have it in a thoroughly field-proven design.
A design that has been accepted — even by our
competitors — as the industry standard. Basically it
is the same reliable 3 Wire, 3D design as our MICROMEMORY 3000. We doubled the capacity, but kept
everything else the same.
It is the MICROMEMORY 3000DD. Consider its credentials. Cycle and access times of 650 nsec.
and 300 nsec., respectively. Power requirements of
±
-15VDC and +5VDC. The complete system, including
all necessary logic, drive and sense circuitry complete
on one convenient plug-in circuit board. Standard
configuration of 16K by 16, 18, or 20 bits, alterable
to 32K by 8, 9, or 10. And it is interchangeable with
the original MICROMEMORY 3000.
The MICROMEMORY 3000DD is also available as a
pre-packaged, multi-card system, complete with power
supply, self-test and interface cards, and various other
features and options. And standard chassis are available to hold from one to 16 memory cards. Since both
the original 8K MICROMEMORY 3000 and the new
16K MICROMEMORY 3000DD cards can be intermixed, this gives you new and greater growth flexibility from 8K to 256K.
Get complete information and technical details from
your local EMM office, or call Commercial Memory
Products Marketing Department at (213) 644-9881.
Do it today.

ERMI

ELECTRONIC
MEMORIES
COMMERCIAL MEMORY PRODUCTS
A Division of Electronic Memories & Magnetics Corporation
12621 Chadron Ave., Hawthorne, Calif. 90250
Belgium 03/76.69.75; United Kingdom 01/751-1213: W. Germany 0811/74.30.40
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There's an EMM
office near you.

New products
Components

WESTERN REGION

Capacitors use
zener technology

Regional Office
SAN FRANCISCO
(408) 247-9711
LOS ANGELES AREA

Semiconductor-type bonding

(213) 644-9881

means greater stability for

ORANGE COUNTY AREA
(714) 639-5811

glass-encased ceramic chips

MINNEAPOLIS AREA

Glass-to-metal bonding, long asuccessful technique in the production
of zener diodes, is now being applied to glass-encased ceramic capacitors. The result is arugged highstability axial-lead monolithic capacitor that retains the economy of
its high-K ceramic dielectric.
Two companies are producing the
new capacitors—uscc/Centralab in
Burbank, Calif., and the capacitor
division of irr Components Group
Europe, in Devon, England. Centralab introduced its Monog,lass capacitor line a few months ago, and
rrr Europe—with the U.S. as its
prime marketing target—is now producing 20,000 per week and plans to
increase that to 100,000 a week in
September (see photo).
The hermetic capacitors are ideal
for automatic insertion by the same
equipment that is suitable for resistors and diodes. The glass is bonded
to the metal at the interface between
each axial lead and the glass body.
This construction results in ahighly
stable capacitor over a wide range
of operating conditions. The new capacitors are principally intended for
such high-volume applications as
computers, telecommunications,
and process-control equipment.
The Centralab units are available
in four sizes; 0.200 by 0.100 inch,
0.250 by 0.100 in., 0.300 by 0.150
in., and 0.400 by 0.150 in. Working
voltage rating can be either 50 y or
100 vdc over acapacitance range of
0.01 to 1.0 microfarad.
The In capacitors also can be
supplied with either a50-v or 100-v
rating, but the capacitance range is
somewhat smallér-220 to 10,000 picofarads, which will be extended to
33,000 pF in the next six months.
The operating temperature range

Electronics/July 11, 1974

(612) 941-2404
PHOENIX AREA
(602) 968-2492
DALLAS AREA
(214) 231-7207

EASTERN REGION

for these units is -55°C to + 125°C.
To manufacture the devices, rrr
stacks the ceramic dielectric and
metal electrodes alternatively and
then fires them.
Prices, of course, depend on capacitor specifications and the size of
the order. The devices are expected
to sell between the prices of conventional axial-lead monolithic ceramic
capacitors and disk-type ceramic capacitors.
USCC/Centralab,

Electronics

Regional Office
BOSTON
(617) 861-9650
CHICAGO AREA
(312) 297-7090
WASHINGTON, D.C. AREA
(703) 941-2100
NEW YORK AREA
(516) 423-5800

Division,

Globe-Union Inc., 2151 N. Lincoln St., Bur-

CLEVELAND AREA

bank. Calif. 91504 [341]

(216) 842-8920

ITT Components Group Europe, Capacitor
Division,

Brixham

Rd.,

Paignton,

Devon,

England [339]

International OFFICES
European Headquarters

Switch comes in paralleling

BELGIUM

or progressive-shorting type

(03) 76.69.75

An instrument-quality switch, in its
paralleling form, shorts all its positions together as it rotates, except
for one position that's isolated from
the rest on the same deck. Such a
design is useful for multiple-circuit
cable testing, both for continuity
and voltage breakdown, and for
solid-state testing where it is desirable to connect all circuits in common, except the one being tested, to
eliminate transients causing errors.
The unit can be modified to fit various applications that require paralleling of circuits, such as notch or

Circle

UNITED KINGDOM
(01) 751-1213
WEST GERMANY
(0811) 74.30.40

Far East Headquarters
JAPAN
(03) 404-8520

mm

ELECTRONIC MEMORIES 2.
MAGNETICS CORPORATION.

12621 Chadron Avenue

Hawthorne, Calif. 90250
(213) 644-9881
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Noise sensitivity
problems go away

New products

with Topaz Ultra-Isolation Transformers
Box-shielding techniques achieve maximum coupling between windings while offering a very low impedance for
common-mode noise to ground.
Primary to secondary effective interwinding capacitances of:
0.005 picofarads
0.001 picofarads
0.0005 picofarads
SPECIFICATIONS:
Common-Mode Noise Rejection:
to more than 145 dB.
Transverse Noise Suppression:
greater than 125 dB at 1 kHz.
Input/Output Voltages Available:
115, 230, 240 and 480 VAC
at 50 or 60 Hz.
Models Available:
125 VA to 20 kVA 1 phase;
3 kVA to 60 kVA 3 phase.

Priced from $75.00

TOPAZ

SOLUTIONS TO
POWER PROBLEMS

Langevin, 2030 Placentia Ave., Costa Mesa,

ELECTRONICS

3855 Ruffin Road, San Diego, CA 92123

tab homing. It can also be used for
binary coding or position selection,
minimizing the amount of interconnecting circuitry needed for remote control. The switch is also
available in a progressive-shorting
form, which connects a new contact
to all preceding contacts each time
the switch is rotated by one position.

Phone (714) 279-0831

Calif. 92627 [343]

Circle 130 on reader service card

Industrial relay controls
This announcement is neither an offer to sell nor the
solicitation of an offer to buy any of these securities.
The offering is made only by the Offering Circula,.

50,000 Shares of Common Stock
Par Value
$0.10 Per Share

Issued by

AMERICAN

LASER SYSTEMS, INC.

106 James Fowler Rd.

10-ampere resistive loads
Mechanical latching and electrical
reset are features of the model 455
relay for 10-ampere applications.
The relay also has four-pole,
double-throw load-handling contacts capable of controlling 1
/-hp
2
motor loads or 10-A resistive loads
at 120 volts ac. After the operate
coil is energized, the contacts remain transferred, even if power
fails, until reset. For test or maintenance purposes, manual actuators
are available as a specified option

Santa Barbara Airport
Goleta, California 93017
Telephone: (805) 967-0423

OFFERING PRICE $2.25

019«negilliele"«N

Per Share

Copies of the Offering Circular may be obtained by
writing the Issuer. Offers and sales are valid only in such
states as lawful.

130

Circle 184 on reader service card

Electronics/July 11,1974

Why Parylene
works where other
microelectronic
Crevice penetration in hybrids
protection fails:

This beam lead has a0.3 mil parylene coating all the way to the weld.
Parylene penetrates deep within small crevices, maintaining clearance
while putting a coherent coating under beam leaded chips and air bridges.
No area is left unprotected, preventing shorts and allowing the designer
great latitude in component spacing and sizing. And parylene secures loose
debris while preventing breakoff of pigtails during shock and vibration loadings.

Controlled conformality
There's a uniform coating of parylene all the way around the
half-mil tip of this phonograph needle. That's true conformality,
and only parylene gives it, in precisely controlled thicknesses
from .002 to 3 mils, in one step. Unlike spray or dip coatings,
parylene won't bridge or puddle, or thin out at sharp edges,
creating potential failure points. The parylene coating is
completely uniform, no matter how dense or intricate the module.
And becauslieeplied at rooml&perature, there's no
component
fort.

Lead
Strengthenin
It took up to 75 grams pull to brea
these 1mil wires. Bare 1 mil alumi
num wires, for instance, exhibit'
bond strengths of 3-5.5 grams;
coated with 1 mil of parylene, puttd
strength increases by 60-70 grams;
So wire and bond are stronger,
•end sideward shorts and loop collapse during extreme g-loads are
prevented. Parylene coatings wit '
penetrate the less than 1 mil clear'
ance between beam lead bonde
chips and the substrate, giving suc .
strong coating coverage that th
chip cannot be lifted witho
destroying I•

A200 ethermal shock protectiol
This hybrid microelectronics relay has undergone 200 45-minute cycles from
—120 to 80°C, simulating earth-orbiting conditions. This X-ray shows all leads
remain intact. Parylene protection was at work, on the transformer core and
then the whole assembly before packaging (TO-116). There was no appearance
of corona up to 5000 Vdc ;leakage was reduced from 10µA to <.001µA at
1000V. RTV encapsulation suffered dimensional mismatch, straining and
snapping leads, with 500 V/mil bulk breakdown.
esse

.......

X-ray

courtesy

NASA Lewis Research Center and Sterer Eng. & Mfg. Co.

13road cost effectiveness
eta.

These are some of the circuit modules now being protected with a conformal
coating of parylene. Because nothing else offers parylene's combined protection
against thermal cycling, shock, vibration, humidity, solvents, radiation, ionic
1, contamination. Better barrier protection than liquid coatings like silicones,
epoxies, and urethanes. On hybrids you can combine parylene with a hermetic
seal for optimum environmental protection . .and parylene alone will often
,
‘, do the job, and at less cost than hermetic seals. Parylene is compatible with
•active devices, and meets the tough requirements of MIL-I-46058C.
For long term reliability, parylene provides a cost-effective solution.
Union Carbide invented the parylene system. Various patents apply;
commercial use of the patented technology is licensed. Write for our
16-page brochure: Union Carbide Corp., 270 Park Avenue, Dept. RFB-65,
New York, N.Y. 10017. For instant
communication, and information about
a trial run at reasonable cost, call
Bill Loeb at (212) 551-6071.

UNION
CARBIDE

PARYLENE

in Europe: Mr. H. Torre, Union Carbide Europe S.A., 5 Rue Pedro -Meylan, 1211 Geneva 17. In Japan: Mr. N.
Fusada, Tomoe Engineering Co. Ltd., Shin Shin Kat Bldg., 14-1 Nthonbashi 3-Chome, Chuo-Ku, Tokyo.
Circle 131

on reader service card

trcing.
NEW!
PROTO-CLIP for power on-hands off signal a
Eliminates shorttng leads
...and costs under SS!
Bring IC leads up from pc board surface for fast signal tracing and troubleshooting.
Great for injecting signals and wiring unused circuits into existing boards. Scope probes
and test leads lock onto unique Dynagrip inset for hands off testing.
New plastic construction eliminates springs and pivots. Long lasting resilient plastic
insures thousands of operations. Non-corrosive nickel/silver contacts for simultaneous low
resistance connections to all IC leads. Narrow throat makes Continental Specialties'
Proto-Clip amust for high density pc boards.

for both operate and reset. Voltages
for the reset and operate coils are 6
to 240 vac, or 6to 125 Vdc.
Struthers-Dunn Inc., Lambs Rd., Pitman,
N.J. 08071 [345]

Industrial proximity switch
responds in 3 milliseconds

If you work with ICs you need aProto-Clip! Order today!
• 14-pin Proto-Clip
• 16-pin Proto-Clip

New products

$4.50 each
$4.15 each

An all-metal-sensing solid-state
proximity switch for industrial applications is called the model 8-210.
The miniaturized unit features re-

Available at your local distributor or order
directly from Continental Specialties.
Distributor inquiries welcomed.

=MM

Continental Specialties Corn.
325 East St., Box 1942, New Haven, CT 06509
Telephone (203) 624-3103
CANADA:
Available thru Len Finkler, Ltd.,
Downsview, Ontario
Unique
DYNAGRIP
inset keeps
probes from
slipping
Circle 132 on reader service card
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peatability of ±
-10% over a range of
-65°F to + 180°F, response time of
3 milliseconds, and numerous output options for various systems configurations. One of a family of
switches, the 8-210 offers a sensing
distance of VIinch, standard version; or 1/10 inch, precision version.
Eldec Corp., 16700 13th Ave. W., Lynnwood, Wash. 98036 [344]

Small 10-ampere relay
is priced at $2.50

National Semiconductors Ltd. can now offer you acomplete
line of high efficiency, low current gallium phosphide LEDs.
A sampling of our LED lamps available include the panelmount MA 2300 series with its built-in lens/reflector system,
typically producing 2 mcd luminous intensity at 5 mA, the
MA 2400 series in the industry accepted panel-mount package,
the low profile MA 2600 series, the side-viewing MA 2700
series, and the MA 2800 series in awide viewing plastic TO-18
package.

A 10-ampere, double-pole, doublethrow enclosed relay is said to be
half the size and cost of models with
similar capabilities. Price is $2.50 in
quantities over 100. Designated the
14-series relay, the device controls

Red and green LEDs are generally available in optional clear,
clear diffused, tinted clear, or tinted diffused epoxy packages.
NSL can also offer you acomplete line of photocells, photodiodes, phototransistors, optocouplers, optoelectronic arrays
and customized optoelectronic devices.
NATIONAL SEMICONDUCTORS LTD
331 Cornelia St., Plattsburgh, N.Y. 12901. Tel.: (518) 561-3160
2150 Ward St., Montreal, Que., H4M 1T7; Tel.: (514) 744-5507;
TWX 610-421-3362

132
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WIDE AND SAY rrAhhh

Now that's what Icall a

THUMBINHEEL CATALOG!
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Send for this new Cherry Handbook and Guide
Witte&

For everything you could possibly want to know about Cherry Thumbwheel and
Leverwhee! Switches, this new catalog is just what the doctor ordered. You'll find
details and specs on nine series of Thumbwheels and Leverwheels—available in
hundreds of variations. You'll find truth tables ... cross-indexed product listings
... application data ... specials ... and more. You'll also find never-beforepublished "inside" information on Cherry's Thumbwheel Switch total in-house
manufacturing capabilities: Including printed circuit, precious metal plating, silk
screening, metal stamping and plastic molding operations. All in a handsome,
new, easy-to-use 72-page format. And it's yours for the asking: Just TWX
910-235-1572 ... or PHONE 312-689-7703 ... and ask for Frank.
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CHERRY

ELECTRICAL PRODUCTS

CORP.

3608 Sunset Ave., Waukegan, III. 60085

Cherry affiliates worldwide • Hirose Cherry Precision Co ,Ltd .Tokyo • G W

Engineering Pty. Ltd.. Sydney

Cherry Electrical Products (U K ) Ltd .St Albans, Herts • Cherry Mikroschalter GrnbH, Bayreuth. Germany

Circle 133 on reader service card

kill

e.

TEKTRONIX HAS A NEW LINE
TO TEST YOUR MEMORY

Meet the latest additions to the

The S-3400 systems have been

The S-3400 series joins with our

growing lines of TEKTRONIX

designed and built to give you a

S-3100 series and S-3260 Automated

Automated Test Equipment, the

system that can completely and

Test Systems to bring to you awide

S-3400 Series of Semiconductor

effectively test all semiconductor

Memory Test Systems. These S-3400

memories. With interfaces available

range of test and measurement
solutions. For more information
contact the Systems Applications

systems are modularly constructed,

for wafer probers and automatic

fully programmable, stand alone

device handlers, atotal package

Engineer nearest you listed on the

semiconductor memory testers;

may be configured to supply you

opposite page, circle the reader

capable of performing dc parametric,

with acomplete solution for your

service card or write Box 500 A,

and functional tests on semi-

semiconductor memory testing
requirements.

Beaverton, OR 97005

conductor memory devices.

TEKTRONIX
committed le
technical excellence

134
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New products
10-ampere or 1/10-horsepower
loads at 120 V ac and 10 A at 24 v
dc. The relay is also available in
models for 6, 12, 48, 110 v dc and 6,
12, 24, and 48 v ac. All types measure 7
/
8 by 17/16 by 11/8 inches and
weigh 11
/
4 ounces.
Eagle Signal,

Industrial Controls Division,

736 Federal St., Davenport,

Iowa 52803

[346]

make up the assembly are mounted
in protective slots around the
periphery of afilled-nylon body and
replace conventional contacts—the
reeds provide Form A preciousmetal contacts, actuated by a permanent magnet mounted within the
body on the central control shaft.
The contact arrangement is breakbefore-make, and one to 10 contact
positions can be supplied.
Gordos

Sintered aluminum capacitors

Corp.,

250

Glenwood

Ave ,

Bloomfield, N.J. 07003 [349]

Guest International Ltd., Redlands, Coulsdon, Surrey, England [347]

Phone (415) 326-8500

16930 Sherman Way

Color CRT produces a

Phone (213) 987-2600
From L.A. call: 873-6868

picture in 4-6 seconds

GEORGIA

A color cathode-ray tube, which
produces apicture in 4 to 6 seconds,
incorporates a newly designed cathode/heater assembly that lets the
tube heat up fast without its life
being shortened. The company has
also developed and is testing acathode coating, which extends the life
of conventional tubes. This cathode
coating will also be used in the new
tube, called the Faston CRT. Samples of 25-volt, 90: negative guardband and 25-v, 110 standard tubes
are available for test and evaluation.
Bldg.,

Gateway Center,

Pittsburgh,

Pa.

15222 [348]

Voltage-transient suppressor

2251 Perimeter Park
Phone (404) 451-7241

MARYLAND
Baltimore
1526 York Road
Lutherville 21093
Phone (301) 825-9000
From Harrisburg, Lancaster and
York Area call: ENterprise 1-0631

MASSACHUSETTS
Boston
244 Second Avenue
Waltham 02154
Phone (617) 890-4550

NEW MEXICO
Albuquerque 87108

NEW YORK
Endicott

offers ac and dc protection
A silicon bipolar transient suppressor provides voltage-transient protection symmetrically. Applications
are where large voltage transients
can permanently damage voltagesensitive components, such as transistors, integrated circuits, mos devices, hybrids, and many other voltage-sensitive components. Specifications of the suppressor include: a
breakdown voltage of 10 to 110
volts (±10%), peak pulse power of
500 watts, response time of 1 x
10 -12 seconds, and a dynamic impedance of 1.5 to 70 ohms.
Semtech Corp., 652 Mitchell Rd., Newbury
Park, Calif. 91320 [350]

Atlanta 30341

1258 Ortiz Drive, S.E.
Phone (505) 268-3373
Southern N.M. Area: ENterprise 678

offers one to 10 positions
The GRS series rotary reed switch
measures 1inch in diameter and 1
in. in height (excluding control
shaft) and weighs less than 1ounce.
The
flatted
anodized-aluminum
shaft is approximately 1
/ in. long
4
and 1/4 in. in diameter, for use with
standard control knobs. The hermetically sealed reed switches that

Palo Alto 94303
3750 Fabian Way

Van Nuys 91406

Westinghouse Electric Corp., Westinghouse

Rotary reed switch

CALIFORNIA

(Info. Disp. Prod. 415-321-7728)

range from 0.1 to 22 /IF
The performance of tantalum capacitors is combined with the low
cost and compactness of aluminum
types in the Alsicon series of solid
aluminum capacitors. Made by a
sintering process, the Alsicon is suitable for a range of applications, including radio, television, stereo
equipment and tape recorders, electronic calculators, computers and
measuring instruments. The capacitance range is 0.1 to 22 microfarads.
The operating temperature range is
-25 to +85
C. The capacitors
have a low leakage current and a
maximum dissipation factor of 0.12.

Call the
Tektronix
Systems
Application
Engineer
nearest you.

3214 Watson Blvd.
Endwell 13760
Phone (607) 748-8291

TEXAS
Dallas 75240
4315 Alpha Road
Phone (214) 233-7791

HOME OFFICE
Tektronix Industrial Park
Box 500
Beaverton, Oregon 97005
Phone (503) 644-0161
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You tried astock
mini motor and added
abunch of detail parts, but
it's amess of assemblies.
Now what do you do?
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Good time to call TRW/Globe. We can build a
"motion package" that will cost less than your
cheap motor with a lot of kluge hung onto it.
TRW/Globe motion packages combine multiple
functions to save space, simplify purchasing, eliminate assembly and interfacing costs, and reduce
inventory problems.
For example, a recent package combined motor,
gearing, limit switch, mechanical stop, slip clutch,

electro-mechanical brake, and filter in one complete unit measuring just a few cubic inches.
We're the largest builder of precision miniature
motors that will do that for you.
For more information about our "motion packages" write for our free booklet: "The Simplifiers".
TRW/Globe Motors, an Electronic Components
Division of TRW Inc., Dayton, Ohio 45404 (513228-3171).

THE
BLDS BIGGEST
'LITTLE BLPCK BOX"

TRWGLOBE MOTORS
136
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New products
Instruments

Generator has
wide range
Low-priced unit produces
sine, square and triangular
waves from 0.1 Hz to 1MHz

propriate fuse. Power consumption
is amaximum of 15 watts. All operating specifications apply over the
full temperature range of the instrument, which is 0°C to 40°C.
Measuring 71
/
4 inches wide by 3
in. high by 87
/
8 in. deep (excluding
the handle), the SG-1271 weighs 4.2
pounds. It is also available in kit
form. The kit version, called the
IG-1271, is priced at $99.95.
Heath/Schlumberger

Instruments,

Benton

Harbor, Mich. 49022 [351]

Although not the first function generator to carry a price tag under
$150, a compact instrument developed by Heath/Schlumberger also
offers an unusually broad frequency
range and 50-decibel calibrated attenuation. The model SG-1271,
which is priced at $140 assembled,
delivers a signal over a range from
0.1 hertz to 1megahertz, so it can
cover the audio as well as radio-frequency bands—well into the broadcast band. Its calibrated attenuator
is accurate to within ±
-1dB.
Sine, square and triangular waves
are available at the BNC output connector, and output is 10 volts peak
to peak. The calibrated attenuator
provides stepped 50-dB attenuation
in 10-dB increments, accurate to
within ±
-1dB. The instrument's variable attenuator provides up to 20-dB
attenuation at each step.
The output level of the SG-1271
is fiat within 1.5 dB over the entire
tuning range. Its frequency-control
dial has a 100:1 tuning range and is
accurate within 3% of full scale.
Waveform symmetry is within 10%
of any 50% duty cycle. The function
generator may be powered by 105130 or 210-260 volts, 50-60 Hz, selectable by positioning a chassismounted switch and using the ap-

Plug-in scope provides
5-megahertz bandwidth
The model SC 501 oscilloscope, the
first plug-in module scope in the
Tektronix TM 500 series of multifunctional instruments, has a bandwidth of 5mHz and acalibrated vertical deflection range from 10
mv /division to 1v/div., selectable
in decade steps. A variable control

Our compounds
are your right
answer for...
DIODE DISPLAYS,
INFRARED DEVICES,
ELECTRONIC COMPONENTS

extends this to at least 10 v/div.,
and a 2.5-inch CRT provides bright
displays at sweep rates to 200
ns/div. Calibrated sweep rates are
selected by pushbutton logic in decade steps from 1 its/div. to 100
its/div., and from 1ms/div. to 100
ms/div. A variable control extends
the slowest sweep rate to at least 1
s/div. Price is $650.
Tektronix Inc, Box 500, Beaverton, Ore.
97005 [353]

Digital measurement adds
precision to power sources
The 446 line of rf power sources
with wide frequency range (plug-in
heads from 10 kHz to 2500 MHz),

Electronlcs/J uly 11
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Asarco Intermetallics Corporation
offers a wide range of III-V compounds used in the production of
light emitting diodes (LED) and photoluminescent displays.
We provide gallium arsenide, gallium phosphide and indium phosphide
in both polycrystalline and single
crystal form. All polycrystalline materials are available as ingots. Gallium phosphide and indium phosphide
are also available in granular form.
Gallium arsenide single crystals
are boat grown with typical crosssections of 19mm x47mm for a(111)
orientation and 33mm x47mm for a
(100) orientation.
You can order single crystals of
our III-V compounds as ingots or
slices, as cut or polished.
All materials are furnished in
small quantities for evaluation or in
large volume for production use. For
more information contact us at 120
Broadway, New York, N.Y. 10005.
Or call 212-732-9500.

ASARCO
INTERMETALLICS
CORPORATION
137 on reader service card
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A well bred
board.
1

We put more design into this board so you can get more design
out of it. You can breadboard your design with both 14- and

New products
and up to 50 watts cw of power, incorporates acounter-type frequency
meter, which permits direct reading
of generated frequency to within
0.002%. An integrated-circuit, crystal-based counter, using abasic chip
with associated circuitry, is built
into the 446 main-frame, and a line
of complementary plug-in cavity oscillator heads is available. For heads
with frequency generation capabilities above 50 megahertz, aprescaler
is incorporated into the head so that

16-pin ICs right alongside each other. Include discretes, microboards, and connectors, too. And don't waste your design time
on noise problems—we've done it for you. This is our 2-D Dual-inLine Socket Board, and it comes in a choice of configurations,
with acomplete line of mounting hardware. Write for our catalog.
Also available from G.S. Marshall.

EECO

1441 East Chestnut Avenue/Santa Ana, California 92701/Phone 714/835-6C00

Circle

138

on

reader service card

Heath 15 111Hz scope
with triggered sweep...
just $329.95*
in Kit form...
o

only $475*
Factory
Assembled &
Calibrated

direct reading of frequency is possible up to 1,000 MHz. Above 1,000
mHz where lc prescalers are not yet
available, a dc control voltage plus
a-d converter provides digital frequency readout, to within 0.2%. The
design will permit retrofit of highfrequency prescalers, according to
the company.
Ailtech, 19535 E. Walnut Dr., City of Industry, Calif. 91748 [355]

l•

An excellent bench or
design scope at low cost.
DC-15 MHz vertical bandwidth with 24 ns risetime
...10 mV input sensitivity
...12 calibrated vertical
•
attenuator positions up to
50 Wm ...1 megohm/40
pf input Z protected up to
600 VDC...22 calibrated time bases from 2 s/cm to 0.2 ps/cm...
x5 magnifier...normal or auto triggering...AC/DC coupling...ext.
trigger input...built-in calibrator...6 x 10 cm screen...120/240 VAC
operation. Send for FREE catalog for complete details & specs.

o

(4

Kit 10-104, 44 lbs.
Factory assembled & calibrated SO-106A, 40 lbs.

$329.95'
$475.00'
HEATH

Send for

FREE

r

catalog

NOW!11

. . _.
d
138

Circle

1
mi

Schlumberger

Heath Company, Dept.53.7
Benton Harbor, MI 49022
D Please send latest Heathkit catalog.
Name
Add res'
City
State
743
*Mail order prices; FOB factory
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Battery-operated recorder
consumes 5watts
A portable dc recorder, designated
the model R1-5DC, consumes 5
watts and operates for up to 10
hours typically before battery-recharge. Input sensitivity is 100, 200,
500, 1,000 and 2,000 millivolts per
centimeter, selectable from a fiveposition switch on the front panel,
with 2to 1vernier control on adual
concentric shaft. Other features are
a differential input configuration

7E-304
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Mere introduce,
the first in the
CHTbreakthrough in
SERIES Wighlèchnology

with five new Dígral Recorders.
DigiTec's new HT Series (High Technology) is the
culmination of a long term program to produce a complete line of digital instruments of the future for your
needs. DigiTec has combined the state of the art with
our own patented circuitry to offer truly innovative in-

strumentation. The HT Series, our proudest achievement, delivers instruments with the ultimate in reliability
and performance. Reflecting the advanced technology
contained within, all units utilize a new designer-styled,
diecast enclosure.
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6100 Series
prices range from

$549•

with generous OEM discounts
Selected models in the 6100 series Digital Recorders offer combinations of: 10 or 18 column capacity / integral
quartz clock, printing real or elapsed time and integral events or day counter.
All models feature: printing rate, 3 lines per second nominal / wide variety of parameter symbols / programmable
floating decimal / "paper out" protection / programmable red or black print / TTL compatible, BCD
input / programmable single or double spacing / systems output / automatic column blanking / front
loading / rack mountable diecast enclosure / compact, half-rack size (5 1'4"h x81/
2 "w x 1212"d). Contact your
nearest Digirec representative for an immediate demonstration.
UNITED SYSTEMS CORPORATION
918 Woodley Road. Dayton. Ohio 45403
Ph (513) 254-6251 Twx (810) 459-1728
asubsidiary of
- Information

Digirec

Monsanto

only" circle 212 on reader service card.

- Demonstration

wanted" circle 139 on reader service card.

Cut your
hot design problems
down to size.

Circle 140 on reader service card

New products

Use Dow Corning
dielectric coolants.

with third lead brought out as signal
ground, alinearity within I% and a
chart-speed accuracy to within ±2%.
General Scanning Inc., 150 Coolidge Ave.,
Watertown, Mass. 02172 [358]

Simplified logic speeds
frequency counting

A UHF amplifier, for airborne equipment
(right), was reduced in size and weight
by using Dow Corning" 200 fluid. Only
this unit produced full power over full
frequency at an altitude of 100,000 ft.
If you're stuck with a hot electronic
apparatus that you want to pack
away in asnug place somewhere,
relax. Silicone dielectric fluids from
Dow Corning could be your answer.
The thermal stability of silicone
fluids, combined with excellent
physical and dielectric properties,
solves the critical problem of high
performance in smaller equipment.
Specifically, rapid heat dissipation,
superior dielectric strength, and low
losses over the temperature range
—40 to 200 C are primary reasons
why closer spacing or size reductions in electronic apparatus are
possible. Available in awide viscosity range, they can be used for cooling power tubes, damping meter
indicators, insulating high-voltage
power supplies, or filling dashpots.
Nonsludging and essentially nontoxic, silicone fluids deliver long life
at acompetitive price where conventional organic liquids fail rapidly.
For specific information on our
complete line of fluids, write
Dow Corning Corporation, Dept.
C-3336, Midland, Michigan 48640.

Silicones; simply the best way
to protect electronic equipment

DOW CORNING
DOW CORNING

Circle 141 on reader service card

Designated Cimron DMC 45, adigital multimeter/counter uses a simplified simulation of a two-speed
clock logic to integrate signals for
100 milliseconds, while providing
infinite noise rejection at 10 Hz and
multiples. The frequency-counting
phase-lock circuitry, enabling a direct counting function, also eliminates the 10-second time base below
100 Hz, so that measurements can
be made five to 10 times faster at
these low frequencies. The 4-Y4-digit
meter offers six measurement functions and 32 ranges: dc volts from
10 microvolts to 1,000 volts in five
ranges; ac volts from 10 or to 750 v
in five ranges; dc and ac current
from 100 microamperes to 4 A in

five ranges; resistance from 0.4
kilohms to 40 megohms in six
ranges, and frequency from 10 Hz to
20 mHz in six ranges. The DMC 45
is priced at $695 without options.
California Instruments Co., 5150 Convoy St.,
San Diego, Calif. 92111 [354]

24 chart speeds, 200% zero adjustment on each of the 10 pens, and
damping and gain adjustments on
all channels. Each pen writes in a
different color ink, using a replaceable Teflon tip.
Soltec Corp., 10747 Chandler Blvd, North
Hollywood, Calif. 91601 [357]

Digital data delay unit
handles 8analog signals
The model DDD-1 digital data delay provides up to several seconds
delay of up to eight analog signals.
The instrument can be used to replace endless-tape-loop systems for
the study of non-predictable transient signals. Analog signals are digitized, stored in ashift register, and
then converted back to analog form
for strip-chart or tape recording.
The recorder can be activated after
an event occurs and record several
seconds of data prior to the event.
Since the DDD-1 operates continuously, there is no limit on total
record length. Price starts at $650.
Nimbus Instruments, 2791 Del Monte St., W.
Sacramento, Calif. 95691 [359]

10 single-pen recorders
are built into one chassis
The model B-X6 recorder consists of
10 single-pen recorders built into
one chassis, with all pens overlapping and writing the full 10-inch
chart width at speeds better than /
2
1
second full scale. Each pen has its
own 11-step attenuator with inputs
of 10 millivolts to 20 volts (1 mv
span is optional). The recorder has

141

Nylon. Everything you want

for electrical applications.
Connectors, switches, terminal blocks—just about
everything electrical or electronic—gets a head start on
performance and economics
when you mold in Celanese
Nylon.
For good reasons. Like the
fact that Celanese Nylon has
U, L rating on electrical properties of 105'C. Great me-

chanical strength and
toughness. Plus high dielectric properties, so you can
design more compact units
with thinner walls. Good
thermal properties. And fine
processability.
There are many formulations of Celanese Nylon,
including fast-cycling, highflow grades, super mold re-

lease grades, glass-reinforced
and heat-stabilized. We'll be
glad to help select the best
one for your electrical or electronic application.
Write for acopy of our brochure on Celanese Nylon. And
aU/L Yellow Card. Celanese
Plastics Company, Dept.
N-507, 550 Broad Street,
Newark, N.J. 07102.

Celanese Plastics Company is adivision of Celanese Corporation Canadian Affiliate, Celanese Canada Ltd. Export, Arm& Co., Inc, and Pan Amcel Co., Inc.. 522 Fifth Ave ,New Vail. 10036

4;4

C
IA TOUGH TEAM

FOR TOUGH TIMES: CELCON: CELAN EX: CELANESE NYLON.
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CELANESE
ENGINEERING
RESINS

New products
Semiconductors

Static RAMs
are fast
Access times of two models
are 145 and 260 ns; they
require three supplies
There's a gap in the semiconductor memory market between the
500-nanosecond, 2102-type static
random-access memory and the
very fast (70-nanosecond) 7001-type
n-channel mos RAM.
Electronic Memories seems to be
aiming at filling this gap with two
1,024-bit n-channel metal-gate mos
devices. The parts, developed and
made at the firm's Phoenix subsidiary, have been used in Microram
3000N systems built by Electronic
Memories, but were not expected
on the market so soon.
The Semi 1216 and Semi 1217 are
static memories, but are apparently
faster than most. They are not plugcompatible with any other products
now on the market, but are compatible with each other. The RAMs are
organized as 1,024 words by 1 bit
and can easily be expanded for
larger systems. Electronic Memories
expects to have a second source
soon.
Static memories such as the popular 2102 are easier to use than the
dynamic 1103, but 2102's and similar parts on the market typically exhibit access times of 500 nanoseconds and above, though arecently
announced 9102 from advanced micro devices claims 400 ns. The Semi
parts, however, have maximum access times of 145 ns (1217) and 260
ns (1216). A faster version is in development.
There is a tradeoff in using the
Semi 1216 and 1217 in that they require three power supplies rather
than the single +5 volts of the 2102.
The 1216/7 requires +5volts, + 15
volts and -4.4 volts. Cycle time is
260 ns or 375 ns.
Two tri-state data outputs are
provided, positive and its comple-
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ment, and either can drive a TTL
load. Slightly higher speed (10 to 15
ns) is possible by driving a differential amplifier with both outputs.
All inputs and outputs, in fact, are
rm-compatible except chip-select,
which requires + 15 volts.
Bryan W. Rickard, marketing
manager for semiconductor memory
components, expects the 1216/7 to
find amarket where the 7001 is too
cumbersome, and the 2102 is too
slow. Prime candidates are controllers and point-of-sale terminals.
The RAMS are supplied in 22-pin
ceramic dual in-line packages. The
1216 is priced at $11 each in quantities of 100 to 999, and the 1217 will
follow this month at $13.
Electronic Memories, adivision of Electronic
Memories
Chadron

and
Ave.,

Magnetics
Hawthorne,

Corp.,

12621

Calif.

90250

[411]

SCRs provide blocking
voltages to 1,200 V
A series of 210-ampere-rms hockey
puk silicon controlled rectifiers features an accelerated cathode-excitation design for high-frequency inverter applications. The 125 PM,
125 PL, 125 PLB series offer blocking voltages to 1,200 volts, and a
maximum turn-off time of 20 microseconds for the 125 PM, 30 is for
the 125PL, and 40 is for the 125
PLB series. Price for the 125PL50 in
1-9 quantities is $68.27 each, and
delivery time for all units is four
weeks after receipt of order.
Semiconductor division. International Rectifier Corp., 233 Kansas St., El Segundo,
Calif. 90245 [414]

IC eliminates most
tuned circuits in fm radio
Fm receivers for cars, hi-fi systems,
and industrial communications
equipment can be made smaller and
less expensive with an integrated
circuit called a frequency-modulated intermediate-frequency strip.
Selling for $2.55 each in lots of 100,
the circuit is said to replace most of

the tuned circuits that are now used
in fm receivers—more than $20
worth of parts and wiring. Designated the model NE563, the lc is an
advanced phase-locked loop circuit.
incorporating a double-conversion
technique that provides aradio with
higher frequency response, better
sensitivity, and lower distortion than
is possible with other components.
The NE563 was specifically designed to minimize alignment
procedures and requires measurement of only 1dc volt for low distortion.
Signetics Corp., Consumer Products Dept.,
811 E. Argues Ave., Sunnyvale, Calif. 94086
[413]

RAMs are single-clocked,
high-speed versions of 1103
A 1,024-bit p-channel MOS dynamic RAM is available in three
versions called the 1103A, 1103A-1,
and 1103A-2. Unlike the original
1103 design developed by Intel, the
new RAMS are single-clocked, operate with faster access times, and dissipate less power. The 1103A,
1103A-1, or 1103A-2 may either upgrade existing system designs or become the basis of new, low-cost,
higher-performance memory systems with access times of about 200
nanoseconds or less. In addition,
precharge timing is generated on
the chip from the chip-enable clock.
And, despite shorter access times,
the new RAMs operate at lower
power in typical systems. Typical
standby power is 2 microwatts per
bit. Prices of the new memories

143

No down-ti

New products

in rotary
switches

Unique 5-second water replacement obsoletes
other switches. Simply lift out old wafer, slip in
new wafer. No unsoldering .. .no disassembling
.no wire removing.
CDI patented switches with dust covers are available in
sizes 2" x2", 3" x3", and 4" x4" with lengths to
accommodate up to 36 wafers. Switches can be customized to your specifications.
Operation may be manual, motor or solenoid for use in
any rotary selector switch application. Now supplied for
numerous military and commercial applications.
atfd. under Tibet U. S. Patents 2.811,660, 2,971,066. 3,015,000, 2.956,131, 2,988.607.

CHICAGO DYNAMIC INDUSTRIES, INC.
PRECISION PRODUCTS DIVISION
1725 Diversey Blvd, Chicago, III

Circle

60614

Phone 312. WE 5-4600
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MINUTEMAN
RELIABILITY...

NATIONAL CONNECTOR
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2-watt fm sound system
housed in single IC package
A complete 2-watt fm sound system
in a single integrated circuit package, designated type ITT3701, minimizes the external components
needed to provide the complete
sound function for aTv set, fm radio, and other fm-receiver applications. The 3701 includes a highgain limiter i-f/limiter, a quadrature-type fm detector, adc-operated
volume control, and an internally
compensated 2-watt audio amplifier. The circuit is packaged in a
modified 14-pin plastic DIP with an
integral heat-sink bracket. For applications requiring adifferent heatsink configuration, the device can be
supplied without the bracket and
with a tinned mounting surface for
external heat-sink attachment. Price
is $2.20 each for 100-999.

Audio amplifier circuit

Write for more information today.

55428 •(612) 533-3533

IF/LI137c.)t
t II s
_ Elie

Calif. 95051 [415]

W. Palm Beach, Fla. 33407 [418]

The receptacle has 66 rear removable contacts for crimp
or dip solder application. The plug has 66 right angle dipsolder contacts. That's convenience.
Our new HI-REL "BA-Series" two-piece P.C. connectors have Diallyl bodies and B.C. contacts. They were designed to meet critical Minuteman specs, and will be
used on Minuteman II, the B-1 bomber, A.W.A.C.S.,
SRAM, SCAD, and the F-14. That's reliability!

DIVISION OF

Intel Corp., 3065 Bowers Ave., Santa Clara,

ITT Semiconductors, 3301 Electronics Way,

...rear
contact
removability!

9210 Science Center Drive • Minneapolis, Minnesota

range from $7.80 to $13.50.

provides 7-watt output
The TCA 940 monolithic audio amplifier, with both thermal shut-down
and a new, power-limiting, shortcircuit protection system, offers 7
watts of output power at 1% distortion (with an 18-volt supply and a
4-ohm load). Supply voltage range
is 6to 24 vand the 45-decibel ripple
rejection helps simplify power supply design. The unit, which offers an

INC
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Now you can get a
foreground/background
system for less than $25,000.
And that's before discounts.
Now there's aforeground/background disk-based system available for thousands of dollars less
than any other hardware/software
combination. And it offers more
performance than has ever been
available before.
It's based on RT-11, Digital's
new F/B operating system, and
the PDP-11E10. (RT-11 is also
available on other PDP-11 systems.) And you can run the single
job version with just 8K words of
memory and adual DECtape
drive for less than $18,500.
RT-11 is designed for the
on-line user who is involved in
program development and/or

real-time applications. It's afast,
low-overhead (less than 3K resident) system. And you don't have
to be acomputer scientist to use
it ... or even to modify it.
New, high performance,
extended versions of Dartmouthcompatible BASIC and ANSIStandard FORTRAN IV are
available. Both offer high level
language support of sequential
and direct access files, chaining,
overlays, A/D's, D/A's, clocks,
digital I/O, graphics, plotting,
signal processing ... And there's
more coming. And the minimum
FORTRAN and BASIC are supported on just 8K of memory.

These are just some of the
features that make RT-11 the
highest performing on-line system with the lowest price in
the market.
For additional details on
RT-11 performance, write Digital
Equipment Corporation, Maynard, Mass. 01754 (617) 897-5111,
Ext. 2083. European headquarters:
81, route de l'Aire, 1211 Geneva 26.
Tel: 42 79 50. Digital Equipment
of Canada Ltd., P.O. Box 11500,
Ottawa, Ontario K2H 8K8.
(613) 592-5111.

d
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Heath is out to make
the counter as
commonplace as
the VTVM

New products

the $169.95, IB-1100
30 MHz, 5-digit kit-form
counter

the $225.00. SM-118A
30 MHz, 6-digit
assembled autoranging
counter

03579

-

mtrIlliett

the S229.95. IB-1101
100 MHz, 5-digit kit-form
counter

open-loop voltage gain of 75 de, operates from 40 hertz to 20 kHz, has a
3-de bandwidth and 65% efficiency
at 5-watts output power.
SGS-ATES Semiconductor Corp., 436 Newtonville

03579545

the $299.95. 18-1102
120 MHz, 8-digit kit-form
counter

Ave.,

Newtonville,

Mass.

02160

[417]

Optical coupler provides
the $325.00. SM-128A
110 MHz, 7-digit
assembled autoranging
counter

the $379.95'. IB-1103
180 MHz, 8-digit kit-form
counter

the $395.00'. SM-128B
110 MHz, 7-digit,
assembled high stability,
autoranging counter

1,500-volt isolation
Offering an isolation voltage of
1,500 volts, believed to be among
the highest available in a TO-5
package, the OPI 102 isolator consists of of a gallium-arsenide infrared emitter coupled with asilicon
phototransistor. Typical current
transfer ratio is 60%, with an input
of 10 milliamperes for input/out
compatibility with integrated cir-

the $495.00, SM-110A
180 MHz, 7-digit,
assembled counter

the $625.00, SM-110B
180 MHz, 7-digit,
assembled high stability,
programmable counter
the $795.00*, SM-110C
600 MHz, 7-digit,
assembled high stability,
programmable c• •unter

cuits. Input/output resistance and
capacitance are typically 10 12 ohms
and 2.5 picofarads, respectively.
When used as a replacement for
pulse transformers or mechanical
relays, the unit helps eliminate common-mode noise rejection, ground
loops, and voltage-level translation.
Price is $3.25 in 100-lots.

Heath Company
Dept. 531-288
Benton Harbor, MI 49022
Please send latest Heathkit catalog.
ID Please send latest assembled instruments catalog.
CI Enclosed is S

plus shipping.

Please send model(s)
Name

146

Address

Optron Inc, 1201 Tappan Circle, Carrollton,

City
_State
__Zip
Prices & specifications subject to change without notice.
•Mail order prices; F.O.B. factory.

Texas 75006 [419]
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(Time to get serious about uninterruptible power sources.)
‘„
America's romance with energy is cooling
off. We're running out of steam, out of waterfalls, out of electricity from any source. And as
our power becomes less available, brownouts
and blackouts become more likely. (Just ask
your computer.) Fortunately, there's still time
to install an Elgar Uninterruptible Power
Source. It will protect your computer system
against voltage dropouts and brownouts (regulation to -± 2%; up to 40 dB line transient reduction) and give 10 minutes of backup power
in the event of ablackout. Write or call for details today... while you still have the energy.
Electronics/July 11, 1974

Elgard Uninterruptible Power Sources are
available in 500 VA to 15kVA models. They
supply up to ten minutes of instantaneous reserve in case of power failure; and they have
self-contained, maintenance-free batteries. Ideal
for IBM Systems 3and 7, DEC PDP Series,
Burroughs Banking Systems, and Litton /Sweda
P.O.S. Systems. Priced from $1,895.

ELGAR
8225 Mercury Court, San Diego,
CA 92111 Phone (714) 565-1155
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Looking for more precision
for your CRT's ?
for Display

for Oscilloscope

for Fiber Optics CRT

size: 6. 5"neck O.D. 36mm

(w scale)

size: 10"neck O.D. 36mm
def. angle: 55'

size:

useful area: 11.5 x 220mm

def. angle: 70

5"neck O.D. 20mm

•

def. angle: 70°
useful area: 93 x I24mm

useful area: 60 x 100mm

for Oscilloscope
for TV Camera View Finder
size:

size:

2"neck 0.0. 13mm

5"neck O.D. 5Imm
useful area: 62 x 102mm

for Oscilloscope

def. angle: 36

(w scale)
size: 5.5"neck O.D. 20mm

r'‘

def. angle: 70
useful area: 60 X 100mm

for Oscilloscope

size:
for Radar

size: 10"

def. angle: 55

for Display

neck 0.0. 36mm

size: 13"

useful area:

def. angle: 68 neck 0.0. 36mm

useful area: 232mm

4"

neck 0.0. 5Imm
64 x 80mm

useful area: 127 x 279mm

for Oscilloscope

for Fiber Optics CRT
3"

size:

for Fiber Optics CRT

5"

size:

3"

size: 17" neck 0.D. 36mm

size: 13" neck O.D. 36mm

size:

def. angle: 55

neck 0.0. 4Imm

neck O.D. 4Imm

neck 0.D. 36mm

def. angle: 55°

useful area: 11.5 x 307mm

useful area: 69.8mm

useful area: 114. 3mm

useful area: 69.8mm

useful area: 16.5 x 364mm

Glass Bulbs for;

Fiber Optics CRT's, Oscilloscope Tubes,
TV Picture Tubes, TV Camera View Finders,
Display, Monitor and Radar Tubes.
SHIBATA SONY can help you develop CRT's with our reputable Glass Bulbs.
If you are working on special kinds of CRT's, our high level skills
enable us to satisfy your needs. Write now for your reference Catalogue.

SFIIBATA

SONY

a member of the
TEL: 0489.22. 9111
148
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GLASS
SONY

SOKASAMAMA

CO., LTD.
GROUP

No. I, NAKANE CHO, SOKA

SAFIAMA

PREF. JAPAN.
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The
Frenchtown
Connection.
At Plessey Frenchtown, we're known for our connections. Ceramic
packages, headers and screened substrates that introduce your
chips, transistors and integrated circuits to the outside world.
We have screened ceramics. Flat or
shaped ceramic parts screened with
custom metals and alloys in intricate
circuit patterns. Our in-house screen
making capability gives us complete
control over the finished product. Enables us to maintain 5-mil lines on
5-mil spaces.
We're in plated ceramics. Single
or multiple layers of precious metals to your exact specification. And
proprietary plated products like our LID. A ceramic package that provides the same number of leads as astandard IC package. But in
about one fifth the space. And afraction of the cost.
Finally, we build brazed parts and assemblies. Hermetic semiconductor packages, transistor headers and microwave components
requiring complex ceramic to metal bonding.
If you have adevice that's trying to get in touch with the outside world,
get in touch with Plessey Frenchtown.
We've got the right connections.

I IDI
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PLESSEY INCORPORATED
MATERIALS DIVISION
320 Long Island Expressway South, Melville, N.Y. 11746 (516) 694-7900
Offices in Cherry HM. New Jersey: Rochester, New York: ChIcago, 1111nois. Dallas, Tentas. Los Angeles, Calttornm; Mountem VIew. Caldorrna,
Phoenix, *taon& Charlotte. North Catoiina. Reading. Massachusetts. Representatives tn Boulder, Colorado: Cleveland, Ohio
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New products
laboratory-type test and measurement equipment.
The test system, designated the
T349, is offered with either of two
software packages—the T349A for
on-line classification, data logging,
and automatic distribution analyses
on recorded values; and the T349B,
Optional equipment permits
primarily for burn-in and life-test
applications.
measurement of matching
Both the A and B models measure
parameters on dual devices
leakage currents from 10 picoamperes to 1 milliampere at voltages
up to 411 volts. Breakdown voltages
Because it's costly and difficult to
from 0to 400 v are measured at curmatch parameters in the manufacrents between 1microampere and 1
ture of dual field-effect transistors,
mA. Conducting measurements are
Teradyne has included optional
made in either a dc or a pulsed
multiplexed test stations in its new
mode.
computer-operated system designed
The $7,500 option for measuring
basically for testing single FETs. The
dual devices can match voltages to
option, according to the company,
brings onto the production line a within a l-millivolt resolution, and
feature previously available only on
it can match transconductance to

Packaging & production

Test system

checks out FETs

within 10%, the company says.
The system is available with a
maximum of four test stations, or
three manual stations and one automatic handler, or two automatic
handlers. Each manual station can
handle between 500 and 1,000
three- or four-lead devices in an
hour, and each automatic handler
can test approximately 5,000 devices
per hour. Where the test program
for awafer is relatively simple, up to
30,000 devices per hour can be
tested.
Both models come with a central
processor, the T349A with a 12,288bit memory and the T349B with a
16,384-bit memory. In addition, the
model A has a Teletype terminal, a
four-tape magnetic-tape unit and
starter pack, and classification and
inspection software, including summary sheets, data-logged parameter

it's what's
under the cap
that counts
Patent Pending.

Stackpole economical Lo-Prow keyswitches are setting anew standard
of value in cost-conscious applications like desk top calculators,
data terminals, and communications equipment.
• completely enclosed switch with only 6parts.
• coil spring cross point contacting with controlled wipe.
• specially designed terminal, base and housing protect
against flux contamination.
• less than 7/ 16" body profile, .160" or optional .100" total stroke,
latch or momentary.
Check under the Stackpole cap. You'll find pace-setting low initial cost,
functional long life, and operating accuracy. Write for Bulletin
No. 77-103. Stackpole Components Company, P.O. Box 14466,
Raleigh, N.C. 27610. Phone: 919-828-6201.

SUCKPOLE
COMPONENTS COMPANY

150
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values, and automatic distribution
analysis. The model B test system
Heat dissipator permits
includes a display/keyboard terminal, an 80-column line printer, a mixing seven packages
two-tape magnetic-tape unit and
A heat dissipator that permits mixstarter pack, a multijob go/no-go
capability, data-logging, an end-ofing or matching pairs of seven diflife analysis program, and an offferent semiconductor case contigu line
automatic-distribution-curveanalysis program.
Other options available, besides
the multiplexed stations for dual devices, include 4-kilobit memory extensions, several line printers, terminals, tape files, and extra test
stations.
Price of the T349A is $57,000 and
price of the T349B is $71,500, without options. Deliveries will start in
the third quarter and will take 16 rations is designated the HP3-350. It
uses a dual universal-hole pattern
weeks.
Teradyne Inc., 183 Essex St., Boston, Mass
that accepts two of any combination
02111 [391]
of devices in TO-3. T0-66. and [O-

36 cases. 1
/
4- and
10/32-iikh stud
mounts, plus Power Pac and Power
Tab plastic packages. [he dissipa tor. which has astaggered-linger design for creating turbulence in moving air, is said to be particularly
good for thermal-matching of Darlington amplifiers. Price is 76 cents
in quantities of 1.000 for ail un plated version.
Inter' ational Electronic Research Corp.. 135
W. Magnolia Blvd., Burbank, Calif. 91502
[395]

Wave solderer accepts
10 DIPs in a lead frame
Helping to overcome the problem of
tinning dual in-line package leads at
mass-production speeds. awave-soldering machine accepts up to 10

anew
choice in
Plug-In Rotaries'
Start with Stackpole's exclusive environment proof rotary. Then
add terminal pins facing front or rear, ready to plug in instantly to
your PC board. Or design in a Stackpole PC board rotary switch
with 12 terminals ending at a common junction point for vertical
or horizontal mounting or mating to an edge-board connector.
Eliminate wiring harnesses, hand wiring errors, costly intermediate assembly. Pin termination switches are available as standard
off-the-shelf switches as well as with binary codes and special
switching sequences. Yet they cost less than $2.00.
Call Stackpole. They're plugged in to your needs. Stackpole Components Company, P.O. Box 14466, Raleigh, N.C. 27610. Phone:
919-828-6201.

STACKPOLE
COMPONENTS COMPANY
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New products
entire lead frame moves across the
crest of the solder wave.
Hollis Engineering Inc., Nashua, N.H. 03060
[398]

Circular connectors offer
shock resistance to 50 g
DIPs in a lead frame. Before the
frame is loaded onto the machine's
conveyor, the leads of each DIP are
bent downward into their final position. The operator then manually
feeds the lead frames onto the conveyor at intervals as close as 1.5
inches. The pusher-type conveyor
moves successive lead frames over
fluxing. preheating. and wave-tinning stations at conveyor speeds of
up to 15 feet per minute. while the

The Thorkom series of lightweight
polycarbonate circular connectors

need an inductor?
check these
facts about ferrites

are designed for computer, automotive, test and measuring equipment,
and medical instrumentation applications. Priced from $2 amated pair
(depending on configuration of connector and strain relief), the series
features 0.085-inch high-density
contact arrangements, shock resistance up to 50 g, and removable
gold-plated contacts.
Viking Industries Inc., 8324 Topanga Canyon Blvd., Chatsworth, Calif. 91311 [396]

Snap-in guide kit permits
varied card-spacings
A snap-in guide kit, which provides
several
different
card-spacings
within the same frame, uses an embossed spacing strip with guides instead of tube spacers. The guides

1

FACT 1: cost of ceramic ferrites is 1/10 of steel alloys for low!.
frequency applications, yet ferrites offer extremely high resistivity
and low coercive force.
FACT 2: for power applications, ferrite cores can operate at higher
frequencies than laminated steel with better permeability
and higher Q.
FACT 3: higher perm ceramic ferrite inductors require fewer turns,
resulting in lower distributed capacity, rriaterial savings, and
improved performance.

FACT 4: as the country's largest producer of ceramic ferrite
material, Stackpole offers unique mold-to-size capability, numerous
tooled shapes, and its Ceramae family of materials for frequencies
from 1.0 KHz to 400.0 MHz and permeabilities from 7.5 to 7500.
Call for help. Stackpole Carbon Company, Electronic Components Div.,
St. Marys, Pa. 15857. Phone: 814-781-1234. TWX: 510-693-4511.

STACKPOLE
ELECTRONIC COMPONENTS DIV.
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have amolded foot at each end that
allows them to be positioned over
any of the embossments along the
length of the spacing strip. Spacing
is at multiples of 0.2 inch. with 0.4
in. being the minimum distance between cards.
Vero Electronics Inc.. 171 Bridge Rd. Hauppauge, N.Y. 11787 [397]

DIP lead frames offered
with no tooling charge
Stamped 24- and 28-pin DIP lead
frames, designed for LSI. MOS and
bipolar integrated circuits used in
electronic calculators and programmable computers, are produced
from open tooling, and there is no
tooling charge. The 0.010 inch Alloy
42 stamped frames can be supplied

in continuous coils or shipped in
strips, complete with over-all or spot
gold-plating compatible with Mil
Spec 883. Both the 24- and 28-pin
lead frames are available with either
a0.200-by-0.200-inch center pad or
a 0.340-by-0.230-in.-center pad.
Other features, such as a rigidized
pad support and improved dam bar
facilitate plastic molding techniques.

thick. It is available for TO-3, TO66, TO-5, TO-18 and plastic-packaged devices. The dielectric strength
of the material is 7,000 volts per mil.
and it may be used in any appli-

Buckbee-Mears Precision Stamping Inc.
1818 Touhy Ave, Elk Grove Village, Ill
60007 [400]

Insulator can withstand
case temperatures to 125 C
An insulator, designed for use with
most semiconductor packages and
called Thermalfilm II, is 2 mils

cation involving case temperatures
up to 125°C. The insulator is bright
green so that it is readily identifiable on the production line. Price
is 1.5 cents in 1,000-lots.
Thermalloy. 2021 W Valley View Lane, Dallas. Texas 75234 [399]

low cost circuit protection
against high voltage/hig
energy surges
Stackpole Special Purpose Resistors (SPRs) help protect systems where
high energy surges and high voltages would destroy valuable equipment.
Check these characteristics:
• Best solution for protecting against high voltages in limited space.
• Unlike wire-wound resistors, SPRs are non-inductive, can be
made in rods, rings, discs, or sleeves with wire leads or
metal contacts.
• SPRs do not fuse out; they return to nominal value after
absorbing the energy surge.
• Maximum voltage gradient 10 kilovolts,' in., resistivity range
from 2 ohm-cm. to 10,000 ohm-cm.
Write on your letterhead for samples to test in your
next system design. Stackpole Carbon Co.,
Electronic Components Div., St. Marys, Pa. 15857.

z).

Phone: 814-781-1234. TVVX: 517-693-4511.

STACKPOLE
ELECTRONIC COMPONENTS DIV.
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Bulletin No. 83/84-101
gives lull specification
data, size ranges
and application guidance.
Ask for It. 1—:—,.
«"'"'"
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A little over a year ago we introduced a new 41
2 digit
/
multimeter.
The 245.
Small enough to fit in the palm of your hand. Big enough
to do whatever you wanted it to do.
Almost immediately people recognized it as "a revolutionary step in miniaturized instrumentation."
It still is.
Today, more than 10,000 Model 245's later, it is still the
smallest, lightest and most accurate 41
2 digit multimeter you
/
can buy.

6385.61

It sells for less than $300.00.
Our reps have it in stock.
Model 245 is arugged, truly miniature, labquality 41
2 digit multimeter that measures AC
/
volts, DC volts, AC current, DC current and
resistance with .005% resolution and abasic
accuracy of ±.05% with 100% overranging.
Line and rechargeable battery operated.
DC Volts, 1volt to 1000 volts full scale, 100pV
resol u tio n.
AC Volts, 1volt to 500 volts RMS full scale,
1 0011V resolution, 30 HZ-50kHZ.
DC Current, 1ma to lA f.s., 1p A resolution.
AC Current, 1ma to 1A f
.s., 1p A resolution,
30 HZ-50kHZ.
Resistance, 1KQ-10MQ full scale, 100
milliohms resolution.

To get your hands on this remarkable instrument, simply
contact your local sales representative for immediate delivery.
AL
AZ
CA
CA
CO
CT
FL
GA
HI
IL
IN

(N)
(S)

12051 5338896
16021994-9519
(408) 733-9000
17141 540-7160
13031 449-5294
12031 525 7647
18131 294-5815
(404) 057-7117
MOW 262-6286
13121 593-0282
13171 293-9827

MA
MD
MI
MN
MO (WI
MO (El
NC
NJ
NJ (N)
NM
NY IN)

(617) 273-0198
(301) 552-2200
13131 482-1229
16121 781-1611
18161 737-0066
13141731-2331
19191 787-5818
12151 9258711
12011 863-5660
15051 265-6471
13151 446-0220

CAN DM
(WI (613)
14161 772-5874
787-1208
CAN
CAN (El 15141 731-9328

Data Precision Corporation, Audubon Road,
Wakefield, MA 01880
Phone (617) 246-1600

ÇFDATA PRECISION
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NY (S) 15161 482-3500
OH (N) 12161 725-4560
OH (S) 15131 298-3033
OR
15031 238-0001
TX (N) 12141 234-4137
TX
(S) 17131 461 4487
UT
18011 268-3181
WA12061763-2210

_years ahead

SIEMENS

Do you work with electronic

and automatic test systems for

Should you be interested in the

modules or memory systems? Then
you should know COMPUTEST.
COMPUTEST is aproven equipment

digital and linear circuits.

system COMPUTEST within the
extensive test- and check-outprogram of Siemens?

series for testing of IC's, complete
semiconductor memories as well
as core —and disc memories.

Semiconductor memory test
systems for fast functional control
of RAMs, ROMs and shift registers.
Or for testing on chips and at the

The system COMPUTEST contains:

system level.
Test systems for automatic checking
of production phases in the manu-

IC-testers-universal test equipment

facture of core and disc memory.

Write to
Siemens Aktiengesellschaft,
ZVW 133/Ce
7500 Karlsruhe 21,
Postfach 21 1080.

COMPUTEST
Test- and Check-out System by Siemens
Circle 155 on reader service card
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IC's Semiconductor Memories —
Core Memory Systems
tested expediently

u

The World's smallest BI-DIRECTIONAL,
CODE PUSHBUTTON switch with large
easy-to-read numerals. Available in a variety

im

of coded outputs (includes decimal) and lots
of moujti4 mating accessories.
Call (617) 685-4371
today for detailed in¡formation and ask
us for a "dummy"
switch to study and
compare on your
own panel design.

firt

ALCO ELECTRONIC PRODUCTS, INC.
1551 Osgood St., No. Andover, Mass. 01845

®H3IIMEC131V

()
Z
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An unusual switch series featuring a modern
BATON TOGGLE that is capable of switch-

Techform Laboratories, 215 W. 131st St.,

Your choice of PC or wired terminals and

Los Angeles, Calif. 90061 [476]

1

STBR
Series

gle is available, too!
Call (617) 685-4371
for details, pricing
info

and

possibly a

sample for

ELECTRONIC

your

evaluational use.

r IIALCO

PRODUCTS,

INC.

1551 Osgood St., No. Andover, Mass. 01845
11)(3 on reader service Lard

ae, de, volts, amps, ohms
25 ranges
$650 complete
5-day delivery

111 New expanded AC response to 100 KHz EJ New carrying
case option D New color-coded pushbuttons D Optional
battery pack with recharger ($125) mounts internally 1: 0.01%
dc accuracy (11 1,000 megohm input impedance on 3 lowest
ranges 121 lab, field, or systems use.
For Model 7004A literature, contact your Scientific Devices
office or Systron-Donner at 10 Systron Drive, Concord, CA
94518. Phone (415) 682-6161. Europe: Munich, W-Germany;
Leamington Spa, U.K.; Systron-Donner S.A. Paris (Port Marly)
France. In Australia: Systron-Donner Pty. Ltd. Melbourne.

SYSTRON
156
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A flexible masking compound has
been formulated to protect and then
be easily stripped from molds, lead
wires, printed-circuit boards, and
potting forms. Called Flexible
Mask, it doesn't corrode precious
metals. The material, which can be
applied by automatic dip, brush, or
flow methods, is nontoxic and nonflammable. It stops solder from
flowing onto contacts, terminals,
and screw heads, and prevents contamination during assembly operations. It also withstands temperatures up to 500°F.

ing multiple circuits in either 2 or 3 positions.
a mating power tog-

Circle
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DONNER

TechniGold 18K, 16K, and 14K are
low-karat gold-alloy plating solutions, which are said to cut plating
costs from 38% to 56%. And even a
duplex plating system, using a
lower-karat alloy underneath and a
24K solution on the surface can effect savings from 28% to 42%, the
company says. The hard gold solutions are tarnish-resistant and exhibit the properties of pure gold.
TechniGold 18K is 75% gold, while
TechniGold 16K is 67% gold and
TechniGold 14K is 58% gold. The
solutions are capable of plating 100
millionths of an inch at 10 amperes
per square foot in 41
/ minutes or
2
100 millionths at 15 amperes in 3/
2
1
minutes. All solutions yield a240- to
280-knoop hardness.
Technic

Inc.,

Box 965,

Providence,

R.I.

02901 [380]

New aluminum-alloy evaporation
materials, which include aluminumsilicon, aluminum-copper, and
aluminum-silicon-copper alloys, are
specifically designed to alleviate the
problems of silicon diffusion and
electro-migration in integrated circuits and discrete devices. Three
purity grades, four standard diameters of wire and rod, and eight standard sizes of discrete charges are
available. Grade C is the most commonly used priority level and assures high-yield metalization on
both bipolar and mos devices.
Cominco American Inc., Spokane Industrial
Park, Spokane, Wash. 99216 [477]

Three gold-epoxy pastes, for use in
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"Augaes interconnection system
appeared to have more advantages
for use in the ANITPX-42 A Air
Traffic Control System.
"Our extensive testing
confirmed it."

Robert A. Mesard, Group Leader
Transportation Systems Division
A.I.L. Division of Cutler Hammer.

"When work began on the
experienced no mechanical failAN/TPX-42A, we started looking
ure or intermittence with the
for an interconnection system
Augat system.
that offered high reliability and
"Electronic Systems
design flexibility, without sacriDivision of U.S.A.F. accepted
ficing lower initial costs or low
these findings and approved
field maintenance.
the Augat system.
"We now have used sub"Our program staff ran
Robert A. Mesard
detailed reliability and cost analyses of
stantial production quantities of Augat
the four basic interconnection systems
panels without asingle contact failure."
under consideration: P.C. boards, multiAugat first pioneered the socketlayering, welded wire-stitching, and
panel concept in 1965, and the exclusive
wire-wrapped plug-in panels.
precision-machined tapered-entry con"The system meeting all of our
tact has made Augat the reliability
requirements was wire-wrapped plug-in
standard for the plug-in interconnection
panels. We compared several manufacindustry.
turers of socket panels and selected the
A.I.L.'s record of not asingle contact
Augat panel based on overall quality,
failure is one of the reasons why Augat
range of products, and their willingness
supplies more panels than all other
to respond to our needs.
manufacturers combined.
"Our findings were incorporated
As the world's leading manufacinto our proposal to the Air
turer of wire-wrapped panels and
Force. But as the wire-wrapped
ier. other IC interconnection prodplug-in panel concept was com.* ucts, Augat is ready and willing to
paratively untried in U.S.A.F.
• help with all your interconnecequipment, they requested
tion requirements.
additional testing. So we ran a
Call or write today for
series of in-depth reliability and
free brochure and complete
stability studies and tests as part
product information. Augat, Inc.,
of our systems qualification and
33 Perry Ave., Attleboro, Mass.
reliability demonstration program.
02703. Represented and distributed
The AN/TPX-42A
"After 13,200 test hours, we
internationally.

AUGAT
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Europe—Augat International, Inc., Boulevard A. Reyers, 103, 1040 Brussels, Belgium, Tel. 102136-93-99.
Japan —Kyokuto Boeki Kaisha Ltd., New Otemachi Bldg., 2-1, 2-Chome Otemachi, Chiyoda-Ku, Tokyo 100-91, Japan, Tel. (03) 244-3788.

The
Quick
Way

New products/materials

New Electronics
Buyers' Guide
Easy-to-use, single
volume source for:
• Information on 4,000 products
•Over 6,000 company listings and phone numbers
•EBG EXCLUSIVE: quick access to over 800 cetalogs
through a Direct Inquiry Service
Here is the international world of electronics at your fingertips. Find
suppliers ... fast ... accurately... and locally! If you don't have your
own copy, send $15.00 (USA and canada only.;elsewhere send $25.00)
to address shown below.

Electronics Buyers' Guide
A McGraw-Hill Publication •1221 Ave. of the Americas •New York, N.Y. 10020

LEGAL NOTICE

TOWN OF AMHERST,
MASSACHUSETTS
NOTICE OF INTENT TO
ACCEPT APPLICATIONS
For a License to Operate A Community Antenna Television System
The Town of Amherst, Massachusetts will accept sealed applications
for aLicense to Operate aCommunity
Antenna Television System at the
office of the Town Clerk until 2:00
P.M. on October 7, 1974. At 7:45 P.M.
on October 7, 1974 the Board of Selectmen will publicly open and read
the applications.
Applications are for alicense to operate a system for the Town of Amherst. A provisional license will he
granted on or about June 3, 1975 and
a final license on or about July 19,
1976.
All applications must be submitted
on the Commonwealth of Massachusetts Community Antenna Television
Commission
Standard
Application
Form #100, and must be in full accordance with Chapter 166A of the
General Laws of the Commonwealth
of Massachusetts, and Town of Am.
herst, Board of Selectmen, "Procedural Regulations for Granting a
Community Antenna Television License Renewal." All applications must
be accompanied by a certified check
or money order for $100 payable to
the Town of Amherst (Section 9,
Chap. 166A). Copies of Form 100,
Chapter 166A, and the Town's procedural regulations may be obtained by
writing to Board of Selectmen, Town
Hall, Amherst, Massachusetts 01002.
158
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contact applications, provide
thermo-setting gold for conductive
ohmic bonding. The gold pastes can
be applied manually or by machinedispensing or screen-printing and
are cured with relatively low applied heat in bonding operations.
The material bonds well to aluminaceramic substrates, phenolic circuit
boards, and transistor headers. It is
useful in avariety of applications in
solid-state and hybrid circuits. Type
GE-10 is the most economical to
use, since it is a one-part system.
Types GE-20 and GE-30, both twopart systems, cure more rapidly and
at lower temperatures. Prices of the
pastes depend on the market value
of gold.
Transene Co. Inc

Route 1, Rowley, Mass.

01969 [478]

A flame-resistant, unclad paperbase laminate, for use in terminal
strips and high-voltage components,
is designated Synthene FR-2. The
material meets military specification
LP-509 (grade FR-2), and Underwriters' Laboratories' flammability
classification 94 V-0. As a paperbase phenolic-resin laminate, it has
good punching characteristics and
good electrical properties even in
high humidities. Synthene FR-2 is
for use in terminal strips and such
high-voltage components as yokes
for TV sets, appliance switches, and
various radio parts. The material is
available in 48-by-48-inch sheets,
with thickness ranging from 0.032
in. to 0.125 in. Price for 1/16-inchthick material is $1.54 per pound in
production quantities.
Synthane-Taylor

Corp.,

Box

835,

Valley

Forge, Pa. 19482 [479]

S.S. HOPE,

M.D.

Doctor ... teacher .... friend to
millions on four continents—
this floating hospital is a
symbol of America's concern
for the world's disadvantaged.
Keep HOPE sailing.
PROJECT

A new epitaxial process yields agallium-phosphide slice to which the
customer adds only metal contacts
to produce a green light-emitting
diode. Optimum wavelength at 20
milliamperes is 556 nanometers.
The liquid-phase epitaxial process
forms the basic pn junction during
the process, so that a diffusion step
is eliminated for the customer. Price
is expected to be less than $100 per
square inch.
Texas Materials Laboratories Inc., 2714 National Circle, Garland, Texas 75041 [480]

Dept. A, Washington, D.C. 20007
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Hold It.

Before you design in
High Frequency Inverter Transformers,
call in TRW/UTC.
High Frequency Inverter Transformers are everything you've
always wanted. But you can't just drop them in. There are
too many variables involved.
Have you decided on ferrite, toroidal or laminated steel
cores? Are you after minimum size, weight, cost? What
about efficiency? Heat can be a real problem.
At TRW/UTC we know magnetics, we know inverter transformer technology—both low voltage and high voltage. Show

us your circuit. We'll develop the exact transformer you need.
Don't design in problems, make TRW/UTC part of your
High Frequency Inverter Transformer design. With our new
plants in North Carolina and Illinois, we'll have the capacity to
produce almost any transformer you need, in any quantity, at
very competitive prices. Call or write TRW/UTC Transformers,
an Electronic Components Division of TRW, Inc., 150 Varick
Street, New York, N.Y. 10013. Telephone: (212) 255-3500.

TRWUTC TRANSFORMERS
Electronics/July 11, 1974
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WE'RE LOOKING FOR
ACIRCUITS DESIGNER.

e

Right now. Acircuits designer with an MSEE with 2or 3years experience to help
us design experimental circuitry for laser research, plasma research and electro optic concepts. You'll need experience in SS components, operational amplifiers,
signal processors, wideband amplifiers, integrators, control circuits as well as voltage and circuit regulated power supplies. Experience in RF, video and fast pulse
circuitry is desirable.
Your work will be diversified and challenging. And you'll be supported by afull
staff of technicians. Why not join us? Send your resume and salary requirements
to: Mr. A. E. Marcin, United Aircraft Research Laboratories, Silver Lane, East Hartford, Connecticut 06108.

EMPLOYMENT
OPPORTUNITIES

Send New Ads to:
Electronics
Class. Adv. Dept.
P.O. Box 900, N.Y., N.Y. 10020

United Aircraft Corp.

POSITIONS VACANT

,•quai opportunity employer MI? .

SEARCHLIGHT SECTION
AUTOTRACK

RECON DRONE CONTROL RADARS

MOUNT

s‘ Hand
gent, aural rack and .ear..h “impleie .nth
plotting hoards Fsills mobile san mounted Goes pp'.
slant range. altitude data Ground to air control links
and beacons also in stock AN /MPQ-29
/
PW-I

AUTOTRACK
SCR-584 RADARS

160 degree azimuth. 210
degree des anon ...rep
ith
better than Imil accuracy
%fissile selocoy acceleration
and slea mg rates NowI I.
ds Ise and verso control Kill
handle up to 20 It dish Sup.
plied complete alth control
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10
cm. san mounted radar sys•
tern Conical scan PPI hit
dish Ideal for S hand tele•
-metrs. aeather. haloon irk.
mrsstie tek. rocket irk. ECM range V. rlIC tor complete
data 600 pg instr hk asail at SZ 5 ea

Positions Available-Electrical & Electronic Eng's. Over 1000 US client co's
pay our fees for selected technical referrals. Est. 1959. Send resume with pres.
sal. Atomic Personnel, Inc., Box L, 1518
Walnut St., Phila., Pa. 19102.

RADAR DATA MICROWAVE LINK

SPARE PARTS IN STOCK

\,k < IIercuie.. 51. tt. m 5. i9.
IPS-10D. IPS-6. SPS8. SCR-554. HIPA

IPS-1D
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MOD IV HIGH RESOLUTION TRACKER
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Radio-Research Instrument Co.iNc.
3Quincy St., Norwalk, Conn. 06850 • 203-853-2600
CIRCLE 951 ON READER SERVICE CARD

HARD-TO-FIND PRECISION TOOLS

HERMETIC SEALING
GLASS/CERAMIC TO METAL
CONNECTORS •HEADERS
CUSTOM SEALS
ICFLAT PACKS •RELAY BASE
FEED THRU TERMINALS
TESTING SERVICES
Hermetic Sealing Since 1959

DETORONICS Corporation

10660 E. Rush, S. El Monte,CA. 91733
12131579-7130—TWX 910 587-3436

Lists more than 2000 items—pliers,
tweezers, wire strippers, vacuum systems,
relay tools, optical equiranent, tool kits
and cases. Also includes ten parses of
useful Tool Tips - to aul in tool selection.

Growth Positions, $14-30,000. Fees Paid.
Nationwide. Longberry of Pittsburgh.
Suite 962-G, Two Gateway Center, Pittsburgh. Pa. 15222.

CLASSIFIED ADVERTISING

SEARCHLIGHT SECTION
BUSINESS OPPORTUNITIES
USED OR SURPLUS EQUIPMENT

Í

SAME DAY SHIPMENT
Minis & Peripherals

NEW 300 LPM PRINTERS
PDI CARD READERS
BRPE PUNCHES
$750 Minis
TELETYPE 35 &37
DEC &HONEYWELL Modules
617/261-1100

.end for Free Report **Maintenance of Computers

AMERICAN USED COMPUTER CORP.
P0 Bon 68. Kenmore Sta .Boston. MA 02215
member COMPUTER DEALERS ASSOCIATION

CIRCLE 957 ON READER SERVICE CARD

FREE ALARM CATALOG
Full line of professional burglar and
fire alarm systems and supplies. 96
pages. 450 items. Off the shelf delivery,
quantity prices.

mountain west alarm
4215 n. 16th st., phoenix, az. 85016
CIRCLE 956 ON READER SERVICE CARD

*4\

PDP SPECIALISTS
8, 81, 8L & 11

CIRCLE 954 ON READER SERVICE CARD

W
CIRCLE 953 ON READER SERVICE CARD

EMPLOYMENT SERVICES

F. reg. 7 1.7.9 OH,. Par. 100 ma.. 4 Channels. Transmits video. pulse. svnchro. and voice information.
Mfr. Motorola

free catalog
POTTING APPLICATORS

MANUAL OR AIR OPERATED
21
2 cc
/

6cc

12cc

30cc

FOR POTTING, ENCAPSULATING ETC

PHILIP FISHMAN CO., INC.
7 CAMERON ST

WELLESLEY, MASS 02181

CIRCLE 958 ON READER SERVICE CARD

es,

They've sure succeeded.
Hundreds of thousands
Because the model 33 is still
of model 33s have got to tell
the most economical, reliable and
you something.
What it tells you is that
the model 33 is very popular
in both message and data
communications.
And the reasons behind this
popularity are important to the
hearts of most businessmen.
Economy. Reliability. And
versatility.
These are the three product
qualities we started with when
the model 33 was first introduced.
And over the years we haven't
forgotten them. That's why we've
always had ateam of engineers
assigned to the model 33. Their
job: make the model 33 even
more economical, more reliable
and more versatile.

versatile terminal on the market
today. Nowhere else can you get
so much for so little.
How much longer will we
continue selling the model 33?
For as long as there's a
market for economy, reliability
and versatility. And the way
things look today, that's going to
be for along, long time.
It takes more than
manufacturing facilities to build
the terminals Teletype® Corporation offers. It also takes
commitment. From people who
think service is as important as
sales. In terminals for computers
and point-to-point
communications.

rlsr,
TELETYPE

The computercations people.

For more information about any Teletype product, write or call: TERMINAL CENTRAL,
Teletype Corporation, Dept. 535, 5555 Touhy Avenue, Skokie, Illinois 60076. Phone 312/982-2500.
Teletype is a trademark registered in the United States Patent Office.

Electronics/July 11, 1974

Circle 161

on reader service card

161

New literature
C-MOS handbook. Motorola Inc.,
Semiconductor Products division,
5005 E. McDowell Rd., Box 20912,
Phoenix, Ariz. 85036. Entitled the
McMOS Handbook, a revised edition of a publication on C-MOS
products and circuitry includes
chapters on system design, computer applications, fundamental
logic configurations,
technology,
reliability, and analog basic circuits.
Circle 421 on reader service card.

ALL AVAILABLE
FROM ONE SOURCE

Low-pass filters. Bulletin 2999, from
Microwave Filter Co. Inc., 6743
Kinne St., E. Syracuse, N.Y. 13057,
describes a line of low-pass filters
for the 0-to-400-megahertz range.
The brochure also shows performance characteristics of special models to 2,000 watts. [422]
Data communications maintenance.
Atlantic Research Corp., 5390
Cherokee Ave., Alexandria Va.
22314, is offering acatalog outlining
a product line of data-communications maintenance and signal-interface equipment. [423]

*ADHESIVE BACKED
CIRCUIT SUB-ELEMENTS
(Over 200 Pre-Drilled component mounting
patterns available "oll-the-shelf.")

*EPDXY GLASS BOARD
MATERIALS
• 76 Standard "Off-the-Shelf" Boards.
• Including Unclad. Copper Clad, Cut & Peel
Copper Clad, Pre-etched "X-Y" Pattern and
Plated thru Hole Copper Clad.
• 100"Grid Hole Pattern or Undrilled.

Connectors. Describing hermetically
sealed connectors, a brochure from
Detoronics Corp., 10660 E. Rush
St., S. El Monte, Calif. 91733, illustrates various configurations using
glass-to-metal bonding. [424]

Metalized —All Modes
•Duomet 1"(both sides)
•Heavy Edge
•Heavy Metal
•Series Pattern
•Single Side
Write or phone for Free
Samples and Literature

ATLAN-TOL INDUSTRIES, INC.
Am-Met Division
29 Knight Street
Norwalk, Conn. 06852, U.S.A.
(203) 853-9494

162

Thermal effects. Engineers concerned with thermal effects on semiconductor performance and reliability will be interested in a 22-page
reference book from International
Electronic Research Corp., 135 W.
Magnolia Blvd., Burbank, Calif.
91502, called "Guidelines to Semiconductor Thermal Management."
[425]
Microwave tuning diodes. Raytheon
Co., Special Microwave Devices
Operation, 130 Second Ave., Waltham, Mass. 02154. Microwave tuning diodes form the subject of a
product bulletin that discusses the
tuning of Gunn, Impatt or transistor
oscillators where high Q is required.
[426]
analog switches. Siliconix Inc.,
2201 Laurelwood Rd., Santa Clara,
FET
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*GP CIRCUIT BOARDS and ACCESSORIES
• Highest Quality — Choose from 74
"Off-the-Shelf" Boards.
• Sockets — Low & Standard Profile, P.C. and
Wire Wrap. • Highest Quality Gold Contacts.
• Adapter plugs • Connectors
• Card Pull Handles.

SEND FOR OUR NEW CATALOGS =502 &:801

circullustUe
P.O. BOX 3396 • Torrance, California 90510
Phone (213) 530-5530
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Fresh from
the Factory.
Yet These Cars Should
Be Recalled.

Because they're missing something.
Like an ignition system built for today's driving.

Factory electronic ignitions were okay for yesterday. (All they do
is eliminate the points and condenser, you know.) But today.. with
fuel shortages, the ever-growing cost of maintenance, powerrobbing smog control devices, etc... .there's a crying need for
something better.
That something better is a Delta Capacitive Discharge Ignition
System.. the low-cost "now" system that really makes sense.
Means up to 20% better gas mileage. 75% fewer tune-ups. Three to
10 times longer plug life. Instant starts...even at —40°. Better acceleration and performance. Easy to install on any automobile
engine, too; even goes on in minutes right over the factory electronic
system with no rewiring.
Delta Capacitive Discharge
Ignition Systems... extra energy to beat the energy shortage. Available in two models;
Mark Ten CDI, or Mark Ten B.
Priced as low as $34.95 in kit
form. Use coupon to order
today!

1DELTA PRODUCTS, INC
P.O. Box 1147, Dept. E
Grand Junction, Colo. 81501
303-242-9000

E Please send me free literature.
Enclosed is $
CI Ship ppd. 0 Ship C.O.D.
Please send:
Mark Ten B assembled @
$64.95 ppd.
Mark Ten B Kit @ $49.95 ppd.
(12 volt negative ground only
Standard Mark
Ten assembled. @ $49.95 ppd._ _ 6 Volt: Neg.
Ground Only
12 Volt: Specify
Pos, Ground
Neg. Ground
Standard Mark Ten Deltakit'
@ $34.95 ppd. (12 Volt Positive or Negative Ground
Only)
Car Year
Name
Address
City/State
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New literature

o

MADE

AMERICAN

Tolerance

SCHAUER
1-Watt

ZENERS }

Power resistors. A revised handbook on power wirewound resistors
is available from RCL Electronics,
700 S. 21st St., Irvington, N.J.
07111. Included are an ordering
guide and cross-reference chart.
[428]

Immediate Shipment
Low Prices
ANY voltage from 2.0 to 16.0
Quantity
Price each
$1.07
97
91
.86
.82

1-99
100-499
500-999
1000-4999
5000 up

Optoelectronics. A catalog from
Vactec Inc., 2423 Northline Industrial Blvd., Maryland Heights, Mo.
63043, describes a line of optoelectronic products, which includes cadmium sulfide and cadmium selenide
photoconductive cells, silicon solar
cells, npn phototransistors, and
opto-isolators. [429]

All welded and
brazed assembly
No fragile
nail heads
Gold
plated
leads

Write for complete
rating data and other
tolerance prices.

Buy the kitSave
*Jill- alot
1111.119M2eIRN1114
••
"" (0 0

Kit contains a 51-piece assortment
of SCHAUER 1% tolerance 1-watt
zeners covering the voltage range
of 2.7 to 16.0. Three diodes of each
voltage packaged in reusable poly
bags. Stored in a handy file box.
Contact your distributor or order
di rect.

Calculator handbook. For $10, users
of the H-P 35 scientific calculator
can buy ahandbook giving the most
efficient keystroke sequences for
solving commonly encountered
mathematical problems. The book is
available from Hewlett-Packard
Co., 1501 Page Mill Rd., Palo Alto,
Calif. 94304 [432]

A $54.57 value for
ONLY
SernIconcl.cfor

SCHAUER
Manufacturing Corp.
4514 Alpine Ave. Cincinnati, Ohio 45242
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Computer graphics. The PDS-1G
minicomputer-based
interactive
graphics display system, which provides both on-line and stand-alone
capability, is described in a bulletin
from Imlac Corp., 150 A St., Needham, Mass. 02194 [430]
Power tubes. RCA Electronic Components, 415 S. Fifth St., Harrison,
N.J. 07029, is offering a wall chart
tabulating power tubes by power
level and application. The chart
catalogs various services by frequency from 500 kHz to 1450 MHz
and cross-references tube recommendations against power levels
from 10 w to 250 kw. [431]

"*"

Telephone: 513/791-3030

Calif. 95054. An application note
describing the use of FET analog
switches in several sample-and-hold
circuits is intended to eliminate the
cut-and-try methods used by many
designers. The brochure presents
design criteria and in particular examines current-handling and offset
characteristics, charge-transfer characteristics, and inverting and noninverting designs. [427]

)

Semiconductor reference. D.A.T.A.

164 on reader service card

CONTROL precise
SIZE—fits
SUPPLY fast
PRICE fine
Miniature
Relay Type
MPM-100

•Available for various voltages AC & DC.
•Both 4PDT and DPDT contact switching
requiring minimum driving power is
available.
•Highly economical.
•Incorporates anti insulation fatigue device which prevents short-circuits.
•Uses UL-approved resin bobbin.
Digital Line Printer

LP -108

•Compact size with simplified mechanism.
•Up to 18 columns.
• 13 characters per column.
•High reliability.
•Red/black printing.
•Print rate of 2.5 to 3.0 lines/sec.
•Low cost
Miniature
Motor Timer
Type UT-500

•Smart surface
design. Plug-in
type terminal.
•Economical due to simplified pointerless
mechanism.
•Available in a variety of types ranging
from 10 seconds to 24 hours, surfacemounted or flush-mounted.
Whichever way you take the measure of
TEC control instruments you're getting top
value. They work longer; give you more
reliable performance for your money.

tie

TOKYO ELECTRIC CO.,LTD.

14-10, 1-chome, Uchi-Kanda, Chiyoda-ku,
Tokyo, Japan
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BREAKTHROUGHS.
$1.50 AND UP.
(1) The universe's very first and
only transistor that's an IC.
Old style power transistors join
the buggy whip because LM 195/
295/395 are blow
out proof. (just
$4.95 for the LM
395— all prices in
batches of 100 plus.)
And if that
doesn't blow your
"leutZer"
mind, how 'bout...
're apr"e."
(2) A proprietary timer in which
the output is short circuit proof.
The output state of LM 322 can
be inverted, eliminating the need
for external circuits. Another
thing that should
have an effect on
you is that inputs
The first timers
on the trigger terwith a short circuit
proof output.
minal after it's
triggered have no effect on the timer
output. ($1.50*)
(3) A 3-amp IC regulator.
Another first.
The number is LM 323, and it's a

logical extension
of the self-protected 3terminal regulator field which
guess-who has
The first
3-amp positive
pioneered. ($6.75*)
IC regulator.
(4) An IC temperature transducer.
Linear sensor, amplifier and a
stable voltage reference all on a
single monolithic IC chip.
And they read
out in real temperature (degrees
Kelvin) instead of
ohms. So when
someone asks you
The first
temperature transducer
on o chip.
how hot the whatchamacallit is you don't have to tell
them 14 ohms. ($13.35*)
Pens ready?
LX 5600AH/LX5600H and
LX5700AH/LH5700H.
Buy 'em quick 'cause we can use
the money. Or, for the stubborn
among you, details are available
from National Semiconductor Corp.,
2900 Semiconductor Drive, Santa
Clara, California 95051.
In batches of 100 plus.

NATIONAL
National Semiconductor Corp., 2900 Semiconductor Drive. Santa Clara. Calif. 95051: Scottsdale. Ariz (602)945-8473: Mountain View. Calif. (415) 961-4740.
Sherman Oaks, Calif. (213) 783-8272; Tustin. Calif. (714) 832-8113: Miami, Fla. (305) 446-8309: Chicago, III. (312) 693-2660, Indianapolis. Ind. (317) 255-5822:
Lenexa, Kan. (816) 358-8102; Glen Burnie, Md. (301) 760-5220: Burlington. Mass. (617) 273-1350: Farmington, Mich. (313) 477-0400, Minneapolis. Minn. (612) 888-4666:
Englewood Cliffs, N.J. (201) 871-4410; Syracuse, N.Y. (315) 455-5858; Dayton, Ohio (513) 434-0097, Dallas, Tex. (214) 233-6801

Electronics /July 11, 1974

165

Procond

Synthetic film
capacitors
Electrolytic capacitors
Filters
Push Buttons

New literature
Inc., 32 Lincoln Ave., Orange, N.J.
07050. A 370-page reference to
more than 25,000 currently produced power semiconductors called
the Power Semiconductor D.A.T.A.
Book, presents the electrical and
physical characteristics of power
rectifiers, transistors, SCRs, and
triacs in 13 applications-oriented
sections. Price is $37.50 until July 26
for aone-year two-edition subscription. After July 26, the price will be
$47.50. [433]
Minicomputer disks. System Industries, 535 Del Rey Ave., Sunnyvale,
Calif. 94086, has issued a brochure
that describes the line of disk storage systems for the most popular
minicomputers. Storage specifications are listed both for the series
3500/4500 lines, which use the
Diablo disk drives, and for the series
9500 system, which uses the CDC
9760/62 disk drives. [434]
Power supplies. ACDC Electronics
Inc., Oceanside Industrial Center,
Oceanside Calif. 92054, is offering a
six-page reference to OEM power
supplies. The brochure contains
basic specs and prices of more than
100 standard models ranging from
1,200 milliwatts to 500 watts. [435]

PROCOND S.pA
32013 Longarone (Belluno) Italy

telephone (0437) 76145 /76355
telex 44029

peripherals. Saving money on
IBM peripherals is the major topic
discussed in a brochure available
from Computer Hardware Inc.,
Suite 80, 2424 Arden Way, Sacramento, Calif. 95825. [436]
IBM

Memory tester. A memory and microprocessor chip tester, the model
MD-104M is described in a twopage brochure from Macrodata
Corp., 6203 Varie! Ave., Woodland
Hills, Calif. 91364. Block diagrams,
specifications, and ordering information are included. [437]
Image intensifiers. A four-page brochure from ITT, Electro-Optical
Products division, 7635 Plantation
Rd., Box 7065, Roanoke, Va. 24019,
describes 18-mm microchannel wafers for image pickup applications
under low light or infrared ambient
light conditions. A list of tube types
is included. [438]

ir
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Energy
aver

New Electronics Buyers' Guide...
Easy-to-use, single volume
source for:
•Information on over 4,000 products
•Over 6,000 company listings and phone
numbers — both home and field offices
•EBG EXCLUSIVE: quick access to over
800 helpful catalogs through atimesaving Direct Inquiry Service
•More than 1,400 pages of data
Here is the international world of electronics at your fingertips. Find suppliers
... fast ... accurately .... and locally!
Don't have acopy? Use coupon below,
today.

Electronics
Buyers' Guide

-1

AMcGraw-Hill Publication
1221 Ave. of the Americas, N.Y. N.Y. 10020

Yes, send me
copies (copy) of
the energy saving Electronics Buyers'
Guide. I've enclosed $15.00 (USA and
Canada only; elsewhere send $25.00).
Full money back guarantee if not
satisfied.
NAME
COMPANY
STREET
CITY
STATE

ZIP
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Integrating man's creativity with a computer's speed
and memory isn't easy. But Gerber has done it with an
interactive system which can create and plot drawings as
complex as the operator can imagine ... all at the touch
of a button.
Think what this can mean in your department.
Drafting drudgery eliminated. More accurate drawings, faster. More time for designers to
think and create. Lead time drastically reduced to give you a competitive edge in
bringing new products to the marketplace.
Translated into dollars, this
means more profits from your engineering department profit center.
More profits whether you make automobiles, aircraft, electronic equipment, machine tools. Or anything
else that requires drafting.

The Gerber interactive system is delivered complete
and ready to go to work for you. And, of course, the entire
system is designed, built and serviced by Gerber Scientific,
the internationally recognized pioneering
leader of the industry.
Find out how the Gerber Interactive
Design System can produce for you.
A note or phone call will bring a
prompt response.
The Gerber Scientific Instrument
Company, Hartford, Connecticut
06101. (203) 644-1551.

e'T

GERBER
SCIENTIFIC
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Push Button Drawing.

SELECT

aDigital Panel Meter
to Match Your
Requirements

INCLUDING
RELIABILITY
Datascan offers you the widest selection of standard and
custom meters in 5volt, battery powered or line voltage
models; with NIXIE, LED or 7segment readouts: and with ALL
the features and options available today.
The main reason to consider Datascan, however, is
RELIABILITY. With Datascan DPM's in your instruments, they'll
operate day in and day out .. .year in and year out. No
down time, extra paper work, reshipping, frustration, excess
stock, customer dissatisfactions, etc.
So get the DIGITAL PANEL METERS that offer amost unique
feature "RELIABILITY".
Send for our NEW Catalog Today.

You don't have
to wait.
The
1984
model
is here
now.
By 1984
most wafer
scribers will
be utilizing
technology
already
developed
by
Electroglas.

The question;
is—can you
afford
to wait
that long?

panel
We don't think
you can.
And why should you?
Our YAG laser wafer
scriber will typically pay
for itself in less than 6
months through process cost savings.
Speed?—During the time it took you to read this far
(23 sec.?) it would have completely scribed a3" wafer
with 80 mil-center to center street spacing.
The X-Y motion system has only one moving part—
fast and frictionless because it rides on a cushion of
air.

P.O. Box 785
1111 Paulison Ave.
Clifton, N.J. 07013
Telephone: (201) 478-2800

Datascan
Electronic
Products
168

Datascan
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For more information call or write to:

e

electroglas
A XYNETICS COMPANY

2901 Coronado Drive
Santa Clara, CA. 95050

Twx: 910-338-0500

408/246-6500
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Data Communicationsthe new business every
business must have.

data
cornrnuncernons
McGraw-WI Fublication

PRUJECTEO us ran
TERMINAL POPULATION
4

3
INST ALLEli
'TERMINALS
1MILLIONS1
2

Ito
1910

We're
putting it
all together
for you.
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Data communications is indeed apuzzle to
most of the people working in the market. In
fact, many don't realize that they have data
communications needs or what their needs are.
The people responsible for planning adata
communications system for their company must
decide alternative systems approaches, carriers, hardware, and vendors—all in the context
of economics, government regulation, and
future technology development.
Putting together all the pieces of this
puzzle—that's what the new McGraw-Hill magazine, Data Communications, is all about. Data
Communications will be published bi-monthly.
Our editorial is 100% data communications
and we know our approach is correct because
we have tested it with two pilot issues, ayear
apart.
Our audience is 100% data communications
because to qualify, they must have responsibility to buy, specify, recommend or approve the
purchase or lease of products associated with
data communications.
Our subscribers are 100% request verified —
not only are they qualified but each one of the
25,000 has individually requested Data
Communications.
If you want to cover the fastest-growing
market in our economy, take afull-year's schedule of full pages in Data Communications for
only $7,800, which includes color, bleed and
special positions. We'll even do your color
separations at minimal cost.
For complete advertising information,
contact your nearest McGraw-Hill office.

data

ler-4 r

e

communicRTIons M•111111
A McGraw-Hill Publication

the magazine and the market.
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THESE

POWER
INDUCTORS

riti;h1f-zebentlyglîusrurees

• Available from stock • Useful for switching power supply ripple
and RFI filters • Useful for DC-DC inverter ripple and RFI filters
• Good temperature stability for —55°C to +70°C ambient •
Encapsulated construction for maximum environmental protection e Plug-in type terminals for convenient assembly
Our power inductor line is designed to operate efficiently at DC
current levels of .25 amps to 2.75 amps. Standard inductance
values from 500 microhenries to 2 millihenries are available
from stock. Fully encapsulated cases vary in size from 0.75
inches diameter, .400 inches high to 1.42 inches diameter, .850
inches high.
Complete specifications available upon request.

Pulse

Pulse
Engineering

Engineering
P.O. Box 12235 •San Diego, Caht. 92112
Phone 714-279-5900 •TWX 910-335-1527

A Varian Subsidiary
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The Brush 222
battery operated
portable recorder.
The Brush 222 is a self-contained 2 channel
recorder. It comes complete with signal conditioners, internal battery supply and charger.
The battery supply gives you up to 12 hours of
continuous operation. There's pressurized ink
writing and linearity guaranteed to 99 1/
2 %.
Write Gould Inc., Instrument Systems Division,
3631 Perkins Avenue, Cleveland, Ohio 44114. Or
Kouterveldstraat Z/N, B 1920 Diegem, Belgium.

m> GOULD
172
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Easy Access
At Newest Plant Site
In Rochester, New York
The Outer Loop Industrial Park is right next to a
freeway system that connects you with the New York
State Thruway and the World. Expressways also
lead you straight to the profitable Rochester market.
Neighboring companies know the benefits of this
fine location on Rochester's west side. Some of them
are Eastman Kodak, Bendix Corporation, 3M Company, General Motors, and Ragu Foods.
Railroad service is available on-site and an airport
served by three major airlines is minutes away via
the freeways. The Port of Rochester, a few miles to
the north, has deep water accommodation for oceangoing vessels.
For more information, contact Robert J. Hall,
Director of Area Development, Rochester Gas
and Electric Corporation, 89 East Avenue,
Rochester, New York 14649 or call (716)
546-2700, ext. 2466.
We know more about sites in our nine-county
area than just about anyone else. Contact us for
information on available facilities from 10,000 to
800,000 square feet.

ReZ

eROCHESTER GAS AND ELECTRIC
FAST

AVENUE

ROCHESTER

N r

'4649 • 546 2100
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Please enter my subscription to ELECTRONICS for three years
at $24.

1. L
ID

11
D

Iprefer one year at $12

Bill my company

Payment enclosed

AMER ,CAN EXPRESS
•MASTER CHARGE
j DINERS CLUB
, BANKAMERICARD
ACCT
NO
DATE CARD EXPIRES

CHARst Mr SUBSCRIPTION TO

1st No s above name
on Mastercharge Only

INTERBANK NO

Bill me

NAME

TITLE

COMPANY

DIV or DEPT

COMPANY ADDRESS
CITY

STATE
Check here il you wish
publicaron ro b, sent to
home address

STREET

CITY

Above rates apply only to those who answer all questions listed below
All others pay higher than basic price of $25.00 per year.

2.

1
PLANT

2
[i] DEPARTMENT

4.
5.
6.
7.
8.
9
10.
11.

ZIP

Signature

Industrial controls. systems and
equipment
L Sub-assemblies
M Passive electronic components
N Active electronic components
O
P
O
R
S
T

U

✓
W

Materials and Hardware
Aircraft Missiles space and ground
Support equipment
Oceanography and support equipment
Medical electronics
Industrial equipment containing
electronic components or products
Independent R&D laboratory and
consultant

D
1.
2.
3.

STATE

Indicate the primary product manufactured or service performed at your plant (Box 1) and in
your department (Box 2). Be sure to indicate applicable letter in each of the two boxes even
if they are the same letter

. Large computers
B. Mini-computers
C. Computer peripheral equipment
D Data Processing Systems (systems
integratien)
E. Office and business machines
F. Test and measuring equipment
G Communications systems and
equipment
H Navigation and guidance or control
systems
I.
Consumer entertainment electronic
equipment
J. Other consumer electronic equip.
(appliances, autos, hand tools)

3.

ZIP

Indicate your principal lob function (place applicable number in box If numbers 9, 10. or 11 are used. fill in name of
college or university)
General and corporate management
Design and development engineering
Engineering services (evaluation, quality control.
reliability, standards. test)
Basic research
Manufacturing and production
Engineering support (lab assistant, technician)
Purchasing and procurement
Marketing and sales
Professor at
Senior student at
Graduate student at

Senior and graduate students are eligible for professional
""°'• rate for one year subscription only.

4.

Y
Z

9.

Research and development
organizations which are a part of an
• educational institution
Government Agency and military
Industrial companies using and/or
incorporating electronic products in
their mfg., research or development
activities
Utilities
Broadcasting, sound and motion
pictures and recording studios
Commercial users of electronic
equipment (railroads, pipelines.
police. airlines)
College. University

Indicate your principal lob responsibility (place applicable number in box)
1 Management

5.

Are you engaged in or do you supervise the design
or redesign of electronic components or equipment"
(check one)

O

YES

6.

2 Engineering

NO

Estimated number of employees at this location. (check one)

E
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NAME

TITLE

COMPANY
STREET
CITY

STATE

Industry Classification (check one)
a D Computer & Related Equip.
b D Communications Equip. & Systems
c D Navigation, Guidance or Control Systems
dD Aerospace, Underseas Ground Support
e

n Test & Measuring

fD
g ID
hD
I
k

Equip.

ZIP

Consumer Products
Industrial Controls & Equip.
Components & Subassemblies
Independent R&D Organizations
Government

1
2
3
4
5

21
22
23
24
25

41
42
43
44
45

61
62
63
64
65

81
82
83
84
85

101
102
103
104
105

121
122
123
124
125

141
142
143
144
145

161
162
163
164
165

181
182
183
184
185

201
202
203
204
205

221
222
223
224
225

241
242
243
244
245

261
262
263
264
265

343363
344364
345365
346366
347367

383
384
385
386
387

403
404
405
406
407

423
424
425
426
427

443
444
445
446
447

463
464
465
466
467

483
484
485
486
487

503
504
505
506
507

713
714
715
716
717

6
7
8
9
10

26
27
28
29
30

46
47
48
49
50

66
67
68
69
70

86
87
88
89
90

106
107
108
109
110

126
127
128
129
130

146
147
148
149
150

166
167
168
169
170

186
187
188
189
190

206
207
208
209
210

226
227
228
229
230

246
247
248
249
250

266
267
268
269
270

348 368
349 369
350 370
351371
352372

388
389
390
391
392

408
409
410
411
412

428
429
430
431
432

448
449
450
451
452

468
469
470
471
472

488 508
489 509
490 510
491701
492702

718
719
720
900
901

11
12
13
14
15

31
32
33
34
35

51
52
53
54
55

71
72
73
74
75

91
92
93
94
95

111
112
113
114
115

131
132
133
134
135

151
152
153
154
155

171
172
173
174
175

191
192
193
194
195

211
212
213
214
215

231
232
233
234
235

251
252
253
254
255

271
272
273
274
275

353373
354 374
355375
356 376
357 377

393
394
395
396
397

413
414
415
416
417

433
434
435
436
437

453
454
455
456
457

473
474
475
476
477

493703
494704
495705
496 706
497 707
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951
952
953
954
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17
18
19
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38
39
40
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57
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76
77
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79
80

96
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98
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100
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117
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119
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136
137
138
139
140
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157
158
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160

176
177
178
179
180

196
197
198
199
200

216
217
218
219
220
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237
238
239
240

256
257
258
259
260

338
339
340
341
342

358 378
359 379
360380
361381
362382

398
399
400
401
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419
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421
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479
480
481
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498708
499709
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Electronics Reprint Service
If the cards below have already been used, you may obtain the
Bulk reprints of editorial matter can be
ordered from current or past issues. The
minimum quantity is 500 copies. Prices
quoted on request: call 609-448-1700
Ext. 5494, or write to address below.

needed information by writing directly to the manufacturer, or by
sending your name and address, plus the Reader Service number,
to Electronics Reader Service Department, Box 2530, Clinton,
Iowa 52732.
.„

Affix
Postage here

Bringing Sight to the Blind
8 pages $2.00
Key no. R-408
Logic's New Design Tools
16 pages $3.00
Key R-406
U.S. Market Report
28 pages $2.00
Key R-404
European Market Report 1974
24 pages $2.00
Key R-402
Japan Market Report 1974
18 pages $2.00
Key R-400
The Pervasiveness of Electronics
Complete issue 284 pages $2.00
Key no. R-328

Electronics

The Optical Spectrum
$2.00 Key no. R-326

P.O. Box No. 2530

Semiconductor Memory Systems
16 pages $3.00
Key no. R-324

Clinton, Iowa 52732

New Electronic Displays
10 pages $2.00
Key no. R-322
Planar Interconnection Techniques
13 pages $3.00
Key no. R-320
Automotive Electronics
16 pages $3.00
Key no. R-318
Hybrid Circuit Technology
16 pages $3.00
Key no. R-316
Leadless, Pluggable IC Packages
Reduce Costs
7 pages $2.00
Key no. R-312
Affix
Postage here

Penetration Color Tubes are Enhancing
Information Displays
6 pages $2.00
Key no. R-310
Program for Transition from Non Linear
to Linear Transistor Model
6 pages $2.00 Key no. R-308
Charge Coupling Improves Its Image
8 pages $2.00 Key no. R-306
Electromagnetic Spectrum Chart
Key no. R-213
$2.00

Electronics
P.O. Box No. 2530
Clinton, Iowa 52732

Electromagnetic Spectrum Report
16 pages plus Wall Chart $4.00
Key no. R-211
Active Filters
96 pages $4.00

Key no. R-032

Circuit Designer's Casebook
162 pages $6.00
Key no. R-031
To order reprints or for further information, please write to.
Electronics Reprint Department
P.O. Box 889
Hightstovrn, N.J. 08520
Only orders with cash, check, or money
order will be accepted. No invoicing will
be done.

WIRE SYNCHRO TO
.INEAR D.C. CONVERTER

A.C. LINE REGULATION
A new method has been developed which allows
us to provide a low distortion highly regulated
AC waveform without using tuned circuits or
solid state active filters of any kind.

ACCURACY 1/
2%

The result is a frequency independent AC output
regulated to 0.1% for line and load with greater
than 20% line variations over a wide temperature
range.

10
8

AAC 1422-1

X

6

Provides a linear conversion of
a synchro angle to a DC Voltage ? +2

Features:

SYNCHRO ANGLE
180

135

90

• 0.1% total line and load regulation

DEGREES
+45

-45

90

135

180

2
/D

With better
than
/ % accuracy
2
1

4

6
o

Specifications

• Independent of

20% frequency fluctuation

• 1watt output
• Extremely small size
• Isolation between input and output

10

Accuracy: +1 0/0 over temperature range
Input: 11.8V, 400 HZ line to line 3wire synchro voltage
Output Impedance: less than 10 Ohms

Specifications: Model MLR 1476-1
AC Line Voltage: 26V ±-20% @ 400Hz +20%
Output: 26V +1% for set point
Load: 0to 40ma

laput Impedance: 10K minimum line to line

Total Regulation: +0.1%

'Reference: 26V —10% 400HZ (Unit can be altered to
accommodate 115V if available at no extra cost)

Distortion: 0.5% maximum rms

Operating temp. range: —25°C to +85°C
Storage temp. range: —55°C to +100°C

Temperature Range: —55°C to +125°C

DC power: ±-15V -±-1% @ 75ma (approx.)
Case material: High permeability Nickel Alloy

Other units are available at different power and voltage levels as well
as wider temperature ranges. Information will be furnished
upon request.

Size: 2.0" x1.8" x0.5"

Weight: 6 Ois. Size: 3.6" x2.5" x0.6"

4 QUADRANT MAGNETIC

SOLID STATE SINE-COSINE
SYNCHRO CONVERTER NON VARIANT

ANALOG MULTIPLIER
DC x DC =DC OUTPUT

Product Accuracy is
±½% of all theoretical
product output readings
over Full Temperature
Range of —55°C to
+125°C.

This new encapsulated circuit converts a3wire synchro input to a
pair of dc outputs proportional to the sine and cosine of the
synchro angle independent of a-c line fluctuations.
• Complete solid state construction.
• Operates over awide temperature range.

Maximum Output
Error for Either
X = 0, Y = 10V
Y = 0, X = 10V
X = 0, Y =

al Independent of reference line fluctuations.
• Conversion accuracy — 6minutes.
• Reference and synchro inputs isolated from ground.

=MCM 1478-1

Specifications Model DMD 1508 -2
Accuracy: Overall conversion accuracy 6minutes. Absolute value of
sine and cosine outputs accurate to ±30MV

Specifications Include:

Temperature Range:
Operating —40°C to +85°C
Storage
—55°C to +125°C

Transfer Equation: E

would be ±
-2MV over
Entire Temperature
Range.

XY/ 10

X&YInput Signal Ranges: 0to =10V peak
Maximum Static and Dynamic Product Error: 1/2% of point or
2MV, whichever is greater, over entire temperature range

Synchro Input: 90V RMS ±5%LL 400Hz ±5%
DC Power: —15V DC -±-10% @ 50MA

Input Impedance: X

Reference: 115VRMS +5% 400Hz +5%

Full Scale Output: -±10V peak

Output: 10V DC full scale output on either channel @ 5ma load

Minimum Load for Full Scale Output: 2000 ohms

Temperature coefficient of accuracy:
+15 seconds/ °C avg. on conversion accuracy
MV/ °C on absolute output voltages

Output Impedance: Less than 10 ohms
Bandwidth: 1000Hz
DC Power: ±- 15V, unless otherwise required, at 20ma

Size: 2.0" x1.5" x2.5"
Units are available with wider temperature ranges and 11.8V LL, 26V
reference synchro inputs. Information will be supplied upon request.

There is No Substitute for Reliability

10K, Y= 10K

Size: 1.3" x1.8" x0.5"
Output is short circuit protected

Circle 901 on reader service card

GENERAL MAGNETICS •INC
135 Bloomfield Ave., Bloomfield, New Jersey 07003

- Tel. (201) 743-2700

I•

New
•
Photoconductive
Material
Rock Stable...
'Less Light Memory

New Type 9photoconductive material is now available. .
in flute photocell packages from Clairex — TO-5, TO-8,i
TO-1 Itf
-e
rype 9 material is m‘ore stable at high" temperatures arid has -less light memory than normal
CdS materials. Type 9 material also has improved
linearity and broader spectral respeinse. Try Type 9
material if you have Rhotocell stability problems.
„ .
Call (.914) 664-6602 sir write Clairee, 560 South Third
• Aventle, Mount Vernon, Néw York . 10550.

CLAIREX ELECTRONICS
A DIVISION OF CLAIRE\

Circle 902 on reader service card
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