JULY 19, 1979
OFFICE AUTOMATION SPURS WORD-PROCESSING LINK TO DATA BASES/81

a
r. . . .,Elec
EleFOc
UR

ronics.

Designing with field-programmable logic, Part 2/ 132

Keeping data secure with adedicated single-chip microcomputer/ 140

T ics

mm

DOLLARSticrGRAW-HILL
t

A BU&Swat Of ereAGY
lèl 141U1à0VOttAICS
gr

teat

0+,

Ale
I
1,0

41

M

T

al

4

1. •

8

Here's the fastest
graphic peripheral available today...
and it programs like aplotter.
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With the HP 1350A Graphics Translator and
one or more HP electrostatic CRT displays,
there's no faster way of seeing your system's
output. You can get aquick reading -then plot
if hard copy is needed.
Because it's HP-IB* compatible, the 1350A
is easy to add to your system. It lets you present
different information simultaneously on up to
four CRT displays.
And, it makes writing aprogram for aCRT
display as easy as programming aplotter. An
optional binary cassette tape for the HP 9825
Desktop Computer simplifies programming and
lets you use the same routines on both CRT's
and plotters.
The 1350A lets you update the display selectively. For example, in an application such as
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sequential testing, you can view multiple data
plots (A) on aCRT and update only aportion
of the display for rapid comparative measurements. It also provides convenient operator
interaction. You can display program listings (B),
normal and expanded displays, or acursor
and its coordinates.
Ideal for use with HP Data Acquisition and
Network Analysis Systems, the 1350A Graphics
Translator, priced at $3,450", is auseful tool
anywhere afast, high-resolution graphic presentation of information is needed. Write for
Application Note 271-1, or call your local HP
field engineer for complete details.
*HP's implementation of IEEE Standard 488-1975
**Domestic U.S.A. price only

7 PACKARD

1507 Page Mill Road, Palo Alto, California 94304

For assistance call: Washington (301) 948-6370, Chicago (312)
255-9800, Atlanta (404)955-1500, Los Angeles (213) 877-1282

Circle 902 on reader service card
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The first stand-alone LED
alphanumeric display system is here.
Here's acompletely supported alphanumeric display system that frees you from costly display maintenance, requires
very low operating power, and minimizes the interaction normally required for alphanumeric displays. You get achoice
of 64 or 128 ASCII characters and achoice of a16-, 24-, 32-, or 40-element display panel. Each 5x7dot matrix is
bright, clear and easy to read. In addition, you get editing features that include cursor, backspace, forward, insert, delete and
clear. The display system is TTL compatible, requires asingle 5V supply, and easily interfaces to akeyboard or
microprocessor. It is ideally suited for word processing equipment, instrumentation, desktop calculators, and automatic
banking terminals applications. Prices for acomplete system start at $290*
for the FIDSP-2416 (16 character) display board and HDSP-2470
(64 character ASCII subset) controller board.
For more information on the FIDSP-24XX alphanumeric system
HEWLETT hPACKARD
or immediate off-the-shelf delivery, call any franchised HP distributor.
In the U.S. contact Hall-Mark, Hamilton/Avnet, Pioneer Standard,
Schweber, Wilshire or the Wyle Distribution Group (Liberty/Elmar).
1507 Page Mill Road, Palo Alto, California 94304
In Canada, call Hamilton/Avnet or Zentronics, Ltd.
For assistance call. Washington (301) 258-2000. Chicago (312)
*U.S. Domestic Price Only.

255-9800. Atlanta 1404) 955-1500, Los Angeles (213)877-1282
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Publisher's letter
a
Anyone

who has waited in agas line
or watched television in the last
few months is now aware that the
world is in an energy crisis. Perhaps
"crisis" is not the correct word,
however, for it implies that there are
some miracle solutions at hand to
put everything back in place.
Rather, the industrialized nations
are coming to grips with an energy
transformation, learning to live with
high-priced petroleum while attempting to devise substitutes. And
one of the important new energy
sources in the coming years will
certainly be photovoltaics. The special report on photovoltaics (p. 105)
is particularly timely.
Indeed, as industrial editor John
Javetski points out, the present crisis
attitude should help focus more serious attention —and funding—on solar energy. "There is abetter chance
than ever that photovoltaics will be
able to supply significant amounts of
electrical energy, up to 10% of U. S.
needs, by the end of the century," he
concludes.
If Congress responds to the incentives provided recently by the pricing
policies of the oil-producing nations,
there could be commercially produced solar cells going into new
homes, factories, and office buildings by 1986. The key is price per
watt, which today is about $10, a
high premium to pay. But by the
second half of the 1980s, as the
market enlarges, costs should be
down to $1 awatt.
The growth in applications also
means the appearance of a new
industry made up of semiconductor
companies, oil companies diversifying into solar energy, and new,
specifically solar-energy companies.
Oil companies are already snatching
July IS. 1979
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photovoltaic experts from the semiconductor firms, according to John.
Though the energy crunch has
greatly upset the rest of the world,
the developers of photovoltaics are
far from suffering from the same
sense of helplessness. Rather than
feeling jittery or depressed, the
people involved in solar energy exude
enthusiasm about the future.
"One question everyone in the
infant industry always asked was,
'Are you a believer in photovoltaics?" John reports. His report
should make everyone else a believer, too.

S peaking of energy, Los Angeles

'bureau manager Larry Waller
recently reviewed plans for a home
in Arizona in which microcomputers
will play a vital part in energy
control. His report on the Ahwatukee project near Phoenix (p. 92)
points out that the future use of
microcomputers in the home will
depend agreat deal on how well the
designers succeed in fitting the technology to the application.
Making the processors "transparent" to the user is how the team
from the Motorola Semiconductor
Group described the design goal. But
in action even on a mock up, the
electronics is impressive—and certainly impressed Larry.
"When you experience what high
technology can do in performing
actual daily chores, you begin to
appreciate what this industry is all
about," he observes.
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Krohn-Hite's 2200 lin/log
sweep function generator
with frequency marker will!
Krohn-Hite's new generator delivers
more flexibility than any other generator ever

See
.IP

en,

These plus numerous other
convenience features make the Model 2200 an

offered, including:

ideal choice for amplifier gain/response checks,

•

Choice of sine, square, triangle, ramp and

network and filter evaluation, communications

pulsed waveforms

equipment testing and many other recurring

•

Ln/log sweep, up and down

requirements. Pushbutton operation shortens

•

Unique frequency marker

test time in production operations.

•

Nine operating modes: continuous, gate,
trigger, burst, pulse, sweep, triggered sweep,
triggered sweep burst, external VC

•

Priced at only $1295, Model 2200 is
available today.
Circle reader service number or contact

Frequency range .003 Hz to 30 MHz
The exclusive marker/pause feature lets

you interrupt the sweep for any duration from
0.1 ms upward, and gives you a bright marker
blip a: the marked frequency.
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Avon Industrial Park. Avon, MA 02322 •16171 580-1660 TWX 710 345 0831
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"THE
AmZ8000
IS BETTER'?

Learn why.
Advanced Micro
Devices is offering a4-day
seminar on the AmZ8000.
For all the facts, call (408)
732-2400, ext. 2325.

Advanced
Micro
Devices
901 Thompson Place
Sunnyvale, CA 94086
Telephone: (408) 732-2400
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Readers' comments
Reduce!
To the Editor: The small number of
states and control variables in the
illustrative example in John J.
Petrale's article "PROM controller
makes fast work of serial jobs"
[April 12, p. 134] allows them to be
fitted into astandard small programmable read-only memory (256 by 4
bits). That may be why he didn't
exploit the redundancy of the problem to reduce the number of input
bits. In larger problems this could
supply a significant economy by
providing an alternative technique to
the state-dependent multiplexing
suggested in Fig. 4.
For example, we can get rid of 1
bit by observing that the input C is
only effective when
Therefore an
input encoder that validates Éonly in
the presence of C would enable us to
eliminate the C column from the
truth table 2, thereby halving the
volume of the control PROM.
More generally, if in place of the
multiplexer of Fig. 4 we used aROM
addressed by s+cbits, where sis the
number of states and c the number
of input bits, but having the number
of output bits equal to the largest
number of defined transitions from a
state node, the control PROM could
be reduced to 2'+c addresses, thereby
saving bits even when the inputs are
not disjointed, as required in the
article.
In the present example, for instance, the largest number of transitions defined in the state diagram is
three (states SI and Sa,where the
self-transition must of course be
counted, in addition to the two
arrows shown in the diagram for
each of these two states). We can
therefore recode the control variables into 2bits, where, say, 00 is the
self-transition, 01 is one transition to
another state, and 02 is another.
Then the control variables can be
encoded in a 256-by-2-bit ROM, and
the control ROM becomes 32 by 4
bits.
Ican assure you that in patternrecognition problems such economies
can be very substantial. In a
machine I am currently designing,
without such input encoding Iwould
require 2,048 by 12 bytes—a sub-

stantial number of chips. Using
input encoding, Ican reduce that to
less than half.
Morton Nadler
La Celle Saint-Cloud, France
Multitalented driver
To the Editor: In the XR-2276 New
Product story in your April 26 issue
[p. 216], Alan B. Grebene of Exar
Integrated Systems is quoted as
saying that National Semiconductor's LM3914 dot- and bar-display
driver drives light-emitting diodes
only. However, the data sheet clearly
states that the LM3914 drives vacuum-fluorescent and liquid-crystal
displays, in addition to LEDs.
It may be more appropriate to
compare the XR-2276 to the 3-dB/
step LM3915 or the vu-meter—type
LM3916, both of which are intended
for audio applications, rather than to
the linear LM3914. As Mr. Grebene
claims, it is true that a 12-point
display may be more attractive than
a 10-point one to some people. In
other uses, 20 or 30 points permit
excellent resolution over a 40-, 60-,
or even 90-dB range, taking advantage of the ease with which
LM3915s and LM3916s can be
cascaded.
Michael Maida
Semiconductor Division
National Semiconductor Corp.
Santa Clara, Calif.
Make it clear and correct
To the Editor: In the Engineer's
Newsletter for June 7 ["How to
cross the technical language barrier," p. 152], it was reported that
"the need for translation of technical
terms [is] apriority." Indeed, that is
true.
However, a higher priority must
be placed on lucid and grammatical
presentations—in English—of manuals, texts, specifications, contracts,
and other defining technical information. Otherwise, the primeval programming syndrome, GIGO (garbage
in, garbage out), becomes operative.
In that case, literalness of translation
disrupts cross-cultural communication even further.
Jonathan R. Slater
New York, N. Y.
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LEADER
OF THE
PACK

With aData I/O System 19, you'll
always be "top clog'.'
It's impossible to stay on top of every new
development in IC technology—frightening too
—especially when it's time to buy aPROM
programmer.
Today, there's alot more in the world to
program than PROM s. The programmable logic
devices you're specifying today could be
dumped next year in favor of abrand new
device that can do four times as much and cut
the "real estate" in half.
Smart engineers, who want to stay in front
of the pack, buy the programmer that won't
leave them behind—the Data I/O System 19.

Good tde
Electronics/July 19, 1979

With aSystem 19 you can program a
bipolar PROM, MOS EPROM, FPLA, FPLS,
FPGA, PAL, PMUX, programmable port, diode
matrix or ¡LP/EPROM. And that's just the
beginning of what this remarkable system can
do to keep you on top.
Best of all, Data I/O's System 19 is priced
within just about everyone's budget.
You haven't shopped around until you've
looked at Data I/O. Let us show you the
difference. Circle reader service number or
contact Data I/O, PO. Box 308, Issaquah, WA
98027. For answers last, call toll free:
800-426-9016.

DATA I/O

Programming systems for tomorrow...today
Circle 7 on reader service card
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News update

6800/6801
MICRO SOFTWARE
*CROSS SOFTWARE '6800/6801 assembler
PL/W compiler
cross linker
math/science
simulator
—

$ 800
$1400
$ 400
$ 500
$ 800

RESIDENT SOFTWARE "' **

ed tor/assembler
industrial 4K BASIC
in ROM

1' V

WINTEK

$ 95
$ 95
$299

Corp.

3 7-742-6802
902 N. 9th St., Lafayette, IN 47904
Circle 8 on reader service card

New, Advanced
State-of-the-Art
Low Ohms Volksmeter

LM-353
$149.50
0.5% Accuracy
•VDC, VAC, Ohms, Low
Ohms, DCmA & ACmA.
•Auto zero & polarity.
•Battery operated (100 hrs
on replaceable batteries).
•1.9" H x2.7" W x4.0" D.
•Large 0.3" LCD display.
Ni_S products are available from Nationwide Electronic
Distributors. Send for our brochure today!

Non-Linear Systems, Inc.
Originator of tee digital VOIIIIMOI.
Box N, Del Mar, California 92014

• Attempting to enhance the performance of production-level
printed-circuit boards or repair design flaws in them can be a costly
undertaking. Typically, it is done
manually by large numbers of fulltime production line workers employed solely to put down jumper
wires implementing changes on the
two-sided boards.
But now United Solder-Wrap Inc.
of Dallas is taking aim at the problem with a modified version of its
automated wiring and soldering machine introduced in 1976 [Electronics, April 14, 1977, p. 111, and May
25, 1978, p. 134].
Under computer control, the original Solder-Wrap systems are designed to string, strip, solder, and cut
the wire needed for standard pc
board connections automatically,
producing boards with an extremely
low profile and high integratedcircuit packaging density for prototyping and small production runs.
The most important advantage it has
over older techniques is that it tests
its results at every step of the wiring
routine; the others must wait until a
board is completely wired before
operation is checked. It is also faster,
hence less expensive. Seven of the
$70,000 systems have been sold to
date, and United did $2 million in
contracts for patented solder-wrap
work last year as well.
Now comes the ECN100, a
version of the original United M100
machine that uses minor hardware
additions and modified software to
automatically implement what is
known in the trade as ECN (for engineering change notice). Thus it eliminates the need to measure, cut,
strip, and apply jumper wires to
production boards manually. With
initial shipments of the new machines possible within the next 60
days, ECNs represent a new market
for United. Armed with an influx of
funding from the Scotland—based
Prestwick Circuits Ltd., which
bought controlling interest in the
company last August, United is
planning a marketing thrust soon to
push the ECN machine in addition
to promoting its other new and existing products.
-Wesley R. Iversen

The Personal
Computing Book
PeRsonal

F

haRidwaRe
andng
sofTwaRe
basics

!Electronics
ok Series

Take the computer
revolution into
your own hands!
More than 50 articles are presented
from leading publications in the field
to give you this up-to-date guide that
answers all your questions on personal computing precisely and reliably.
Hardware •Software •Theory
•Applications •Helpful Hints
Order today, and don't forget the other
valuable Electronics Magazine Books
listed in the coupon below.

rElectronics Magazine Books

P.O. Box 669, Hightstown, NJ 08520
Mtn

Send me...

copies of Microprocessors @ $8.95
-

copies of Applying Microprocessors
@ $9.95
copies of Large Scale Integration
@ $9.95
copies of Basics of Data Communications @ $12.95
copies of Circuits for Electronics
Engineers @ $15.95
copies of Design Techniques for
Electronics Engineers @ $15.95
copies of Memory Design: Microcomputers to Mainframes @ $12.95
copies of New Product Trends in
Electronics, No.1 @ $14.95
copies of Personal Computing:
Hardware and Software Basics @ $11.95

Discounts of 40% on orders of 10 or more
copies of each book.
Imust be fully satisfied or you will refund full
payment if the book is returned after ten-day
trial examination.
O Payment enclosed

CI Bill firm

D Bill me

D American Express
Visa
o Master Charge

Charge to my credit card:
13 Diners Club

D

Acct. No.

Date Exp

On Master Charge only,
first numbers above name
Name

Title

Company
Street
City

State

Zip

Signature

Telephone (714) 755-1134 TWX 910.322-1132
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WHO TO CALL...AND WHY!
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First
Call
(312)920-1050

WE UNDERSTAND
THE USERS NEEDS

computer corporation

ere

FOR PERSONALIZED
SERVICE
(WE'RE NOT TOO BIG
TO HELP YOU)

SOFTWARE DEVELOPMENT

ON PMP`dil®

(312) 9201050
TWX 910-651-1916

1=1
.r_.01••

i'=e=

TWX 910-651-1916

eRegistered trademark of Digital Equipment Corporation, Maynard, Mass
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BECAUSE WE DO

corporate square/825 north casa avenue
westmont, Illinois 60559

WE KNOW THE
PRODUCT...
WE BUILD
SYSTEMS
FROM THE
PRODUCT!!!

SYSTEMS

..••••
@US

Registered trademark of First Computer Corporation
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In the look-alike, work-alike
semiconductor business it can get
really hard to tell great from nice.
Advanced Micro Devices can help.
If you'll take aminute right now,
we'll show you acouple of 4K static

RAMs that make the choice easy.
For example:

LOOK AT THE AM9124.
It's a1Kx4 static RAM. It's aplug-in
replacement for the industry standard

HOW
TO SEPARATE
THE RAMS
FROM THE SHEER

2114. With one big difference:
It has an automatic Chip Select
Power Down feature which means
that the power requirement drops
60% when the part's not selected.
And it makes that savings with no
special timing, no special wiring.

THEN THERE'S THE AM9244.
It's organized 4Kxl. It too has the
Chip Select Power Down feature and
all the benefits that go along with it.
Both the Am9124 and Am9244
have even lower power versions: the

Am91L24 and Am92L44. The
Am91L24 is the lowest power 1Kx4
static RAM you can buy.
The entire family of 4K static
RAMs has access times as fast as
200ns commercial and 300ns military. They're 100% hot tested for the
best incoming quality. And, of course,
you get MIL-STD-883 for free.
If you want the best static RAMs
in the business, call Advanced Micro
Devices. We'll help you separate the
RAMs from the sheep. Or the goats,
for that matter.

Advanced Micro Devices
901 Thompson Place, Sunnyvale, CA 94086 •(408) 732-2400
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NOW,THE HIGHEST SPEED,
SWITCHES ON THE
THE SWITCH IS ON.

OUR WAY: IH5143 DUAL SPST MONOLITHIC CMOS

THEIR WAY: DG191 DUAL SPST 5-CHIP HYBRID

LOWEST POWER ANALOG
MARKET FROM INTERSIL.
COMPARE PERFORMANCE.

RDS (on)
Fully bidirectional
'D(off), IS(off)
ID(on)
t(on)
t(off)

+Supply current
—Supply current
Logic Supply Current
Ref. Supply Current
Power Consumption

IH5141
50,1"1@±10V
Yes
0.1nA
0.2nA
150nS'
125nS'
1/LA
1µA
1µ,A
11.LA
0.065mW

BYE-BYE DG'S.
DG182
75f/@-10V
No
1.0nA
2.0nA
250nS 2
130nS 3
1.5mA
5.0mA
4.5mA
2mA
157.5mW

1. Vs=±10V, RL =1Kf2
2. Vs=-I-3V, RL =300n
3. Vs=-3V, RL =30011

YOU ASKED FOR PERFORMANCE.
Highest speed. Lowest Power. Lowest leakage. Highest accuracy. That's what you get in the Intersil
IH5140 family of latchup-proof CMOS analog
switches. Monolithicly.
YOU NEEDED SPEED.
Try this: The IH5140 family toggles at better than
1 MHz. t( on )is 80nS typ. t( off) is 50nS typ. And
break-before-make switching is guaranteed over the
entire temperature range.

If you've been thinking DG's, think IH5140.
Highest speed. Lowest power. Highest accuracy.
Latchup-proof CMOS monolithic. In all the industry standard switch configurations.
AVAILABLE NOW. YOUR WAY.
SPST, SPDT, DPST, Dual SPST, Dual SPDT or
Dual DPST. 16-pin DIP's. 14-pin flatpacks. TO-100
cans. Commercial or Military temperature ranges.
MIL STD 883 processing also available. All, at
competitive prices. For complete information, call
your Intersil Sales Office, Franchised Distributor,
or, return the coupon below. We think you'll be
switched on.
INTERSIL SALES OFFICES:
CALIFORNIA: Sunnyvale (408) 744-0618, Long Beach (213) 4369261 • COLORADO: Aurora (303) 750-7004 • FLORIDA: Fort
Lauderdale (305) 772-4122 •ILLINOIS: Hinsdale (312) 986-5303 •
MASSACHUSETTS: Lexington (617) 861-6220 • MINNESOTA:
Minneapolis (612) 925-1844 •NEW JERSEY: Englewood Cliffs (201)
567-5585 •OHIO: Dayton (513) 866-7328 •TEXAS: Dallas (214)
387-0539 •CANADA: Brampton, Ontario (416) 457-1014
INTERSIL FRANCHISED DISTRIBUTORS:
Advent/Indiana • Alliance Electronics • Arrow Electronics • Bell
Industries/Century Electronic Division •CESCO •Component Specialties Inc. •Components Plus •Diplomat Electronics Inc., (FLA) •
Diplomat Electronics Inc., (NJ) • Harvey Federal Electronics •
Intermark Electronics • Kierulff Electronics • LCOMP • Parrott
Electronics •R.A.E. Ind. Elect. Ltd. •RESCO/Raleigh •Schweber
Electronics •Sheridan Associates •Summit Distributors Inc. •Wyle
Distribution Group •Zentronics Ltd.

E071979

LOWEST POWER, LOWEST LEAKAGE.
Start with the low power requirements of monolithic CMOS. Lower power consumption means
lower temperature operation. And lower temperature operation means lower leakage, greater accuracy and increased reliability. In fact, the IH5140
family's leakage current remains constant from
turnon outward. Which means greater accuracy in
actual operation.

Analog Products —Switches
10710 No. Tantau Ave., Cupertino, CA 95014
Tel: (408) 996-5000 TWX: 910-338-0171
(800) 538-7930 (Outside California)
Gentlemen,
Up to 1MHz analog switching?
Maybe I'll switch. Send me complete
details. Including pricing.

HERE'S THE SWITCH.
The IH5140 family's ultra-low quiescent currents
of 1µ,A max. (10nA typ.) from any supply make them
ideal switches for portable equipment. And, their
high speed, low capacitance and low feed-through
characteristics are anatural for video applications.

And please include your 20" x 24" Victor Hugo poster.
Name

Company
Address

City

State

Zip

People
Kooi heads Philips Research
facility in Silicon Valley

DIP
ISOLATORS

DIP

ISOLATORS

DIP
ISOLATORS
OPTRON's complete line of optically
coupled plastic DIP isolators offers
immediate availability of standard
devices for almost every application ... plus competitive pricing,
high reliability and excellent customer service.
Check these features and
choose the device best suited for
your application.
GENERAL PURPOSE
A full selection of DIP
isolators with transistor and
darhngton outputs to match
all popular industry standards. Current transfer ratios range from
2.0% to 500%.
HIGH VOLTAGE
For applications requiring
an interface with high voltage circuits, select the OPI
6000 DIP isolator with a300 volt output
transistor.
AC OPERATION
The OPI 2500 DIP isolator
features two input LED's
operating in inverse parallel
and is ideal for applications
where the LED is driven from an AC line.
CUSTOM SELECTION
If your application demands
"something a little differ1
ent," OPTRON specializes
in DIP isolators to meet
special customer requirements.

111

For reliability data and technical
specifications on OPTRON's complete
line of plastic DIP isolators, contact your
nearest OPTRON sales representative
or the factory direct.

:9 OPTRON, INC.
1201 Tappan Circle
Carrollton, Texas 75006, us
TWX -910-860-5958
214/242-6571
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Signetics Corp. has a new research
facility to draw upon, set up by
Dutch-based NV Philips Gloeilampenfabrieken, of which the Sunnyvale, Calif., integrated-circuit maker
is a part. "Our presence here is to
make it easier for Signetics to use
the worldwide Philips organization,"
says Else Kooi, director of the facility, called Philips Research Laboratories, Sunnyvale. The unit is part of
North American Philips, owned by
United States Philips Trust, which
also owns Signetics.
Establishing the laboratories follows a worldwide Philips pattern of
setting up research facilities close by
its operating units, explains the 47year-old chemist, until recently deputy director of the NV Philips
Research Laboratory in Eindhoven,
the Netherlands. His new operation,
though housed in Signetics quarters,
will be independent of Signetics'
direction but will work on projects
that are related to the IC maker's
bipolar and mos microprocessor and
memory business.
"We will have more long-term
projects than they would," Kooi
says. By the end of the year, working
with astartup budget for equipment,
personnel, and space of $10 million,
he hopes to have 10 professionals on
board, some brought in from elsewhere within Philips, the rest hired
from outside. "We hope the name of
Philips will attract people," he says.
Choices. But just what kinds of
projects will his lab work on? Right
now, Kooi considers this decision one
of his more important challenges.
"There are so many possibilities," he
says. The present silicon-based technologies all show promise for the
near future as companies work to get
down to 2-micrometer geometries in
systems-oriented chips, he says. This
includes bipolar and mos technologies, including integrated injection
logic, complementary mos, and silicon on sapphire. Gallium trsenide
will also be important, but that's
farther off, he says.
Kooi believes that "we can make

Bridge. Else Kooi hopes to help translate
Philips research into Signetics products.

certain translations because we are
more familiar with Philips. Possibly,
for instance, we could help Signetics
translate Philips' integrated Schottky logic [Electronics, June 8, 1978,
p. 41] into home-based products. We
won't duplicate Philips research but
we will play a role in creating a
bridge," he says.
Kooi also says he has "some
catching up to do, mostly with
Signetics. Ihaven't had much contact with Signetics the last three
years" because as deputy lab director in Holland he was responsible for
materials and chemistry.

Sinclair looks ahead
to flat-tube TV
First came transistor radio kits, then
the single-chip calculator, digital
watches, and around Christmas
1977, a tiny, "pocket-sized" Microvision television set with a 2-inchdiagonal screen. All these have given
Sinclair Radionics Ltd. a front seat
in the booming consumer electronics
market ever since Clive Sinclair
founded it.
That was way back in 1962, when
he was a self-taught, 21-year-old
electronics whiz. Now at 39 he is
head of afirm, headquartered in St.
Ives, Huntingdon, that is noted for
electronic innovation and also for
having somewhat too limited financial and marketing resources to
make it big in the consumer electronics marketplace.
Last year, for example, it lost $4
million on sales of $13 million.
Consequently, Sinclair is working to
tie up with a larger, more powerful
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tough calibration questions.

power. It weighs just 13 lbs. so it's
easy to take along. At only $2395*
it's an economical way to
get top verification
performance
wherever you
need it.

Q

e
•

II need high-accuracy calibration
that's directly supported by my
standards. What can
for me?

feilnelo

Al

lol When you need the highest levels of confidence,
come to Fluke for the world's
finest calibration equipment. The
7105A DC Calibration System, for
example, provides voltage accuracy
to 5ppm, ratio accuracy to 0.1 ppm,
and stability to 1ppm per year, all
fully-traceable to the National Bureau
of Standards. For calibrating ac voltage, our MOB Thermal Transfer
Standard is unequaled for traceable
measurement, calibrating to 0.01%.

•

Most of my lab's workload consists of 31
2/
and
41
2 -digit meters, and I'm on atight
/
budget.. Have any answers?
e

A

. You can cut your measure• ment costs dramatically
with our 5100-series Calibrators. They
give you the performance of an entire
cal lab—all in one box. And at $7495*,
they cost afraction of atraditional system's price. Each 5100 model provides

all the ranges and functions necessary
to calibrate most meters—dc and ac
volts, current, and resistance.
Reduced initial investment is only
part of the story Operation of the
5100's is both simple and fast. Error,
volt/dBm conversions and other complex calculations are computed automatically by the hard-working
microprocessor.
For further automation, model
5101B comes equipped with aminicassette tape feature that records your
cal procedure. The knob-twisting
drudgery is gone. Calibration time
is reduced to minutes per meter.
lb make a5100 more powerful, team
it up with the new 5220A11-ansconductance Amplifier and the 5205A Precision Power Amplifier. lbgether they
create ahigh-current, high-voltage
calibration system.

1;1 •
e Can you show me averi-

fication instrument
that's easy to use in the field or on
my production line?

ke

e Mike alook at our 515A
Portable Calibrator. With
the rechargeable battery pack, you get
eight hours of 30 ppm dc, plus ac and
resistance calibration free of line

For Demonstration Circle #211 on Reader Service Card

For more ways to
build confidence and control costs,
contact the Fluke office, representative
or distributor in your area or call:
800-426-0361
If you prefer, just complete and mail the
coupon below.

FLUKE

8

U.S. prices only.
I IN THE

U.S. AND NON'COUNTRIES:

IN EUROPE:

John Fluke Mfg. Co., Inc.
Fluke (Holland) B.V.
I PO. Box 43210, MS#2B
PO. Box 5053
Mountlake Ibrrace, WA 98043 5004EB lilbur
(206) 774-2481
The Netherlands
'Iblex: 32-0013
(031) 673973
I'd like more answers.
'Wes: 52237
Please arrange for ademonstration.
D Please send the latest information on Fluke's
calibration instruments.
[7] Send enrollment information for Fluke Calibration
Seminars.
Name
Mail Stop
Company
Address
City

State

Iblephone (

Zip

Country
Ext.
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More push. A bigger sales organization will
help Clive Sinclair promote his pocket TVs.

Anritsu's wideband
Selective Level Meter ML38A
Whether you use it for testing or maintenance of your
systems, you can rely on this meter's outstanding stability,
accuracy, and level-measuring range. Synthesized local oscillator and super wideband response (20Hz to 6.4MHz).
Accuracy ±0.1dB (10kHz, +5dBm). Wide measuring range
(-120 to +30dBm). Various IF filters 3.1kHz, 70Hz and 6Hz
(option-01). Option-02 incorporates a self-contained flat
level meter function. Option-3 provides an I
EC interface bus.
Applications:
• Pilot level
• Test tone level
• Traffic level
• Crosstalk
• Channel noise level
• Carrier leak
For comprehensive literature on the
Selective Level Meter ML38A, contact—

Anritsu

ANRITSU ELECTRIC CO., LTD
MEASURING INSTRUMENTS DIVISION
SALES DEPARTMENT:
10-27, Minamiazabu 5-chome, M inato-k u. Tokyo 106 .Japan
Phone, 103) 446-1111/Telex. 0-242-2353
Cable, ANRITDENK ITOKYO
• USA. Anritsu America, Inc. Tel: (201) 569-4474 • West Germany Knott Elektronik GmbH Tel: 108178)
4085 • U.K. Dymar Electronics Limited Tel: Watford 37321 • France Tekelec Airtronic Tel: (1) 946-96-48
• Italy vianello SPA. Tel: (02) 54 40 41 •Spain Unitronics. SA. Tel: 242 52 04 • Holland C.N. Rood
B.V. Tel: 070-99 63 60 • Belgium C.N. Rood S.A. Tel: 02-35 21 35 • Sweden Teleinstrument AB Tel:
08-38 03 70 • Singapore O'Connor's (Pte.) Ltd. Tel: 637944 • Australia NEC Australia Pty. Ltd. Tel:
Melbourne 560-5233e Malaysia O'Connor's (Malaysia) SDN. BHD. Tel: 51563/5 • Brazil Anritsu Eletremica
Comércio Ltda. Tel: Rio 221-6086
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marketing organization. He also
hopes to entice the public with
another new device—a pocket-sized
black-and-white TV set with a thin
cathode-ray tube (see p. 67). Still in
prototype, the thin-tube TV, with a
3-in.-diagonal screen, is easier to
carry than Microvision, being not
much bigger than apaperback book.
Its simple structure and low component count promise a relatively low
manufacturing cost, though with
production two or three years away,
it is still too soon to talk about price.
Early days. But Sinclair expects to
profit from something he learned in
the early days of transistor radio. In
the 1960s, he points out, sales in the
United States zoomed from 8million
to 30 million per annum. "This large
step in volume was brought about by
a change in the pattern of ownership," Sinclair says. "Radios became
personal rather than household
items, multiplying demand by four."
He sees the same happening with the
tiny TV sets: "There might be three
or four pocket televisions in every
household, eventually."
Naturally, Sinclair hopes these
will be either his Microvision or his
new thin-tube unit. At $400, Microvision, proved too expensive for the
U. S. But plans are under way for a
redesigned model with a more
limited tuner—something along the
lines of the $200 set introduced for
United Kingdom channels only.
Though Sinclair will not commit
himself on price for the flat-tube set,
he mentions the truism that as price
drops, sales climb. At $100, some 6
million pocket TVs could be sold
annually, he believes.
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etwork for manufacturers.
Expand tomorrow
access capabilities will put the information you need
right at your fingertips. And the modular software
design will assure your orderly growth by allowing

you to add to, or reconfigure, your DS/1000 network
without affecting your existing programs.
Our long experience as asupplier of distributed
systems means that HP's advanced technology is available now. Since 1973, HP computers have been
installed in distributed networks around the world,
all backed by extensive support systems.

If you'd like to know
about the HP 1000 computer system
in distributed networking applications, call your nearest HP office
listed in the White Pages and ask for
a hands-on demonstration. Or for
more information, write HewlettPackard, Attn: Roger Ueltzen, Dept.
654, 11000 Wolfe Road, Cupertino,
CA 95014.

HEWLETT ilk PACKARD
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Early this year,
Mr Tom Armstrong
of ITT Electro-Optical
Products Division
approved the 3,000th
mile of optical fiber
for shipment.

,Al/W)1111P/11..

It's one aspect of ITT's total
optical fiber communications
systems capability

As our Quality Control Engineer,
Mr. Armstrong is responsible for
checking the quality of not only
our fiber and cable, but of every
optical component we make. Like
so many before it, that milestone
3, 000th mile went into the completion of another of the numerous
complete systems built by ITT To
meet our standards, it had been
proof tested over its entire length at
100,000 psi or greater to ensure
high strength for ease of handling
and assured long term durability
For some time now, ITT has
been able to supply design and application engineers with every fiber
optic component their work requires. For two good reasons: First,
we've had the lead time—our involvement with fiber optics communications goes back to 1964,
when ITTs Dr Charles Kao first
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established their theoretical feasibility Secondly, ITT recognized
early that fiber optics represented a
revolution in communications, and
committed its resources to implementing it.
If you need star, tee, directional or bidirectional couplers,
light sources and detector packages, electro-optical transmitter or
receiver modules, connectors, or
connector and splice installation
equipment, we have them ready
for you. And, if you want assis-

tance with acomplete
telecommunications system,
or new computer, industrial,
or military application,
write to our Director
of Marketing on your
letterhead.
Imagine what we can
do together.

ELECTRO -OPTICAL PRODUCTS DIVISION
7635 Plantation Road, Roanoke, VA 24019
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Can you
supply
ten components?
athousand?
ten thousand?

When It's TRW,
the answer is
yes.

Because...
TRW Electronic Components are
available in small quantities (and
large quantities, too) from aworldwide distributor network—in addition to their OEM availability. Most
standard products are heavily
stocked for immediate delivery,
with factory back-up inventories.
With over 300 product lines, not
every item can be stocked, but
TRW markets more component
types through distributors than
any other electronic component
manufacturer.
Whether you need TRW com-

TRW CAPACITORS
TRW CINCH CONNECTORS
TRW CINCH-GRAPHIK
TRW CINCH-MONADNOCK
TRW ELECTRONIC FUNCTIONS
TRW GLOBE MOTORS
TRW HOLYOKE WIRE & CABLE

ponents for fast delivery, from
your distributor, or for future use
in OEM quantities, it's the same
quality product, made to the same
specifications and under the
same production procedures.
The next time you want "yes" for
an answer, call your TRW
distributor, TRW/ECD sales office
or Renfrew Electronics in Canada.
You'll find them listed in EEM,
Gold Book, Electronics Buyers'
Guide, Who's Who in Electronics,
the Electronic Industry Telephone
Directory and the Electronic
Buyers' Handbook.

TRW INDUCTIVE PRODUCTS
TRW IRC NETWORKS
TRW IRC RESISTORS
TRW LS! PRODUCTS
TRW OPTRON

TRW POWER SEMICONDUCTORS
TRW RF SEMICONDUCTORS

TRWELECTRONIC COMPONENTS
DIVISIONS OF TRW INC.

Editorial

Britain's second Industrial Revolution
Great Britain's new Conservative government
is attempting some radical surgery on the
nation's ailing economy, and its initiatives
could have aprofound effect on the strong
electronics industries in the island nation.
The basic line being followed by the Thatcher
administration is to dismantle the Labour
Party's structure of state aid to industry and
return the emphasis to private enterprise,
while at the same time making the climate
more temperate for venture capitalists.
Under the just-defeated Labour government,
there was much talk and some action involving
government funding as well as government
props for start-up and established companies.
Ferranti Ltd. and ICL Ltd. were recipients
of some of this largesse, while of the new
businesses started by the National Enterprise
Board the best known to the electronics
community is Inmos, the semiconductor
maker with its plant in Colorado Springs.
But now Prime Minister Margaret Thatcher
and her party's guru, Sir Keith Joseph, who
is also Minister of State for Industry, are

determined to sell off government's holdings,
cut taxes, and turn to the private sector for
financing of Britain's ailing industrial base.
On the surface, that appears to be aperfectly
good way to do it, though they might find
venture capital less than plentiful. One
Englishman, now an electronics executive in
California, has this to say about his countrymen:
"In the UK, venture money is hard to come
by—and your backers don't know what you're
talking about. It's shattering to find out how
easy it is to find money in the U. S. And
what's more, they understand the technology."
There will be other problems, not least of
all the reluctance of the powerful trade unions
to accept aprogram and budget with nothing
in them for the working man. Sir Keith may
well find it impossible to turn the clock back
to the Victorian heyday of his textbooks. But
he has adopted acautious—one might call
it conservative—approach. If he continues
taking this route, there could yet emerge a
new alchemy for breathing life into Britain's
declining manufacturing industry.

Let's all go fishing
A citizen of these United States could well
be forgiven the desire lately to dig ahole
somewhere and pull it over his head. One
recent day's report of current events included
news that sunspot activity next year could
snarl communications noticably, gas lines in
various parts of the country were still long,
some people were getting panicky over Skylab,
and, the last straw of all, some physicists say
the sun is shrinking.
What is aperson to do? Well, one can
always dig that hole. Or, better yet, one could
sit down and calmly remind oneself that
things might be worse and probably have
24

been. There is agood deal of technological
brilliance out there that is going to work on
solutions to these problems—although the
sun will just have to be permitted to shrink
if that's what it wants to do—and chances
are they eventually will be solved. Whether
the answer is synthetic fuel or sunspot-proof
communications, or even Skylab fallout
shelters, the people who put aman on the
moon and fluorides in toothpaste will be
able to find it.
So until they do, maybe we should all just
try to relax, say, at aball game. Or maybe
we should all go fishing.
Electronics/July 19, 1979

Ramtek introduces
the most powerful raster graphics
and imaging display system
ever made.

Here's the Ramtek 9400. Finally,
adisplay that combines raster color,
1000 line resolution, coordinate
transformation, high-speed graphics
and more—all in one package.
It's Colorful. More than 16 million
.7.olor possibilities thanks to raster
scan technology. Or, choose black
and white or gray scale.
It's fast. Vector writing speeds are
greater than 16,000 vectors asecond
with 50 pixel average vector lengths.
It's sharp. Ai the top of the line
iou can display—in color-1024 scan
lines of 1280 elements.
It's powerful. Local spatial trans'ormations include translate, rotate,
scale, pan and zoom.You can store
and deal with pictures that are much
arger or more detailed than can be
lisplayed at onetime. De-cluttering
allows greater detail to be displayed
as the picture is enlarged or less as
it's reduced.
It's convenient. Subpictures and
special symbols may be down loaded
and stored in user memory.
Pictures from display lists can be

Coordinate transformation
enlarges a portion of the image
in memory without increasing

1000 line resolution in color
It makes greater detail clearly visible.

line thickness. You can see more.
selectively display more.

clipped to arbitrary viewports on
the display surface.
It's interactive. Subpictures can be
called by keyboard function keys.
The entity detection feature identifies graphic procedures and instructions that draw objects pointed out
by the operator. Interactive controls
include ageneral purpose keyboard,
trackball, joystick, light pen and
tablet.
It's more than one. The 9400
system is seven different models
offering resolution from 256 x640 to
1024 x1280. All with the same

powerful range of capabilities for
command and control, process
control, mapping, computer aided
design, remote sensing—or any
application requiring the ultimate in
graphics and imaging potential.
It's more than ever.The sophisticated graphics user no longer has to
settle for monochrome or limited
color. Now, you can have high
density, flicker-free color and high
speed performance. Ramtek put it all
together in the 9400.
It's available now. For more
information call your nearest Ramtek
office. Or, write: Ramtek, 585 N. Mary
Avenue, Sunnyvale, CA 94086.

Ramtek

Our experience shows.

REGIONAL OFFICES: Sunnyvale. CA (408)
735-8400: Newport Beach. CA (714) 979-5351;
Dallas :TX (214) 422-2200: Maitland. FL (305)
645-0780; Huntsville. AL (205) 837-7000: Chicago.
IL (312) 956-8265: Cleveland. OH (216)464-4053:
Washington. D.0 (301)656-0350; Metropolitan
•NY. (201) 238-2090: Boston. MA (617) 862-7720:
West Germany (0611) 771070
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Meetings
IECEC— ntersociety Energy Conversion Engineering Conference, IEEE,
Sheraton Boston Hotel, Boston,
Aug. 5-10.

Pattern Recognition and Image Processing Conference, IEEE, Hyatt Regency O'Hare Hotel, Chicago, Aug.
6- 8.

SNAP LOCK

Keyboard
Switch
KS-800

Simple... just snap
switches into PC
board for wave
soldering!
ENLARGED CUTAWAY
OF SNAP LOCK
SWITCH HOUSING

.062
.039
PRINTED
CIRCUIT BOARD

SNAP LOCK
MOUNTING FEATURE

▪ Total reliability—at least
10 million cycles!
a 5standard plunger styles
• Our own-built reed
assemblies
• Economically priced
• Custom designs on request
• Quick deliveries
Write for Catalog KS-800,
Dr contact us for other switching

The

leeds: Rotary, Programmable,
?ush Button, Slide and more.

Switch Experts

Standard Grigsny, Inc.
Dept 000. 920 FRathbone Avenue
Aurora, Illinois 60507
Phone: 312/844-4300
TWX: 910-232-3138
IN EUROPE: W. Günther GMBH
Virnsberger Strasse 51. D 8500 Nürnberg 1.
West Germany • Phone: 0911/65521
Telex: 622351 wigu d
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Siggraph '79 —Sixth Annual Conference on Computer Graphies and
Interactive Techniques, Association
for Computing Machinery (New
York), Hyatt Regency O'Hare Hotel, Chicago, Aug. 6-10.
Conference on Simulation, Measurement and Modeling of Computer
Systems, National Bureau of Standards et al., University of Colorado,
Boulder, Colo., Aug. 13-15.
International Conference on Parallel
Processing, IEEE, Shanty Creek
Lodge, Bellaire, Mich., Aug. 21-24.
23rd Annual International Technical
Symposium and Exhibit, The Society
of Photo-Optical Instrumentation
Engineers (Bellingham, Wash.),
Town and Country Hotel, San
Diego, Calif., Aug. 27-30.
Compcon Fall '79-19th IEEE Computer Society International Conference, IEEE, Capital Hilton Hotel,
Washington, D. C., Sept. 4-7.
Second International Fiber Optics
and Communications Exposition, Information Gatekeepers Inc. (Brookline, Mass.), Hyatt Regency O'Hare
Hotel, Chicago, Sept. 5-7.
25th Annual Holm Conference on
Electrical Contacts, Illinois Institute
of Technology (Chicago), Palmer
House, Chicago, Sept. 10-12.
Dielectric Materials, Measurement
and Applications Conference, Institution of Electrical Engineers (London), University of Aston, Birmingham, England, Sept. 10-13.
Fall Conference, USE Inc. (the
organization for those who use Sperry Univac's series 1100 computers,

Bladensburg, Md.), Diplomat Hotel,
Miami, Fla., Sept. 10-14.
Optical Communication Conference,
IEEE, RAI Conference Building, Amsterdam, Sept. 17-19.
Ninth European Microwave Conference, Institution of Electrical Engineers (London), The Brighton Centre, Brighton, Sussex, England, Sept.
17-21.
Wescon/79 Show and Convention,
IEEE and Electronic Conventions
Inc. (El Segundo, Calif.), Brooks
Hall and St. Francis Hotel, San
Francisco, Sept. 18-20.
Autotestcon— Automatic Support
System for Advanced Maintainability
Conference, IEEE, Radisson Hotel,
Minneapolis, Sept. 19-21.
Telecom '79 —Third World Telecommunications Exhibition, International Telecommunications Union, Palais des Expositions, Geneva, Sept.
20-26.
Mini/Micro Computer Conference
and Exposition, sponsored by the
organization of the same name
(Anaheim, Calif.), Anaheim Convention Center, Anaheim, Sept.
25-27.

Short courses
and Matrix Systems Design, a
two-part course to be held Aug.
13-17 at the University of Wisconsin-Extension, Milwaukee. For information, write to John T. Snedeker, Department of Engineering and
Applied Science, University of Wisconsin-Extension, 929 N. Sixth St.,
Milwaukee, Wis. 53203, or call
(414) 224-4193.

CRT

Invitational Computer Conferences —
show and seminars to be held at 10
cities around the country starting
September. For information, write to
Conference Coordinator, B. J.
Johnson & Associates, 2503 Eastbluff Dr., Suite 203, Newport
Beach, Calif. 92660, or call (714)
644-6037.
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Finally.
Compatibility.
MOSTEK
4118

With Mostek's
new 8K
static RAM.
Compatible with ROMs
and EPROMs. Compatible
with microprocessors.
Mostek's new 8K static RAM
offers total flexibility for your
system. Organized as 1Kx8,
the 4118 is anext generation
Micro Memory," available
today.

Micro Memory family which
includes Mostek's 2716
EPROM.

It's aMicro Memory!

It's immediately available!

Designed for 8-bit and
16-bit systems, the 4118 interfaces directly with all present
and future generation microprocessors. A Chip Select control is provided for easy memory expansion and decoding,
and internal latches are
available to latch the Address
and Chip Select inputs. If the
Latch function is not needed,
it can be easily bypassed. An
Output Enable control provides easy user control of the

For byte-wide, memory
applications requiring density,
flexibility, and immediate
availability, Mostek's 4118 is
the one to choose. For the location of your nearest distributor, call 214/245-0266, Mostek
Corporation, 1215 West Crosby
Road, Carrollton, Ibxas 75006.
In Europe contact Mostek Brussels; phone (32) 02/660.25.68.
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bus in all bus configurations.
System design is simplified
with the MK4118.
It's more than common!
With apinout common to
standard 24-pin RUMS,
PROMs, and EPROMs, the
4118 still has more. Access
time is afast 120ns (max.) and
power dissipation alow 200
mW (typ.). The 4118 is the newest addition to our compatible

© 1979 Mostek Corp

MOSTEK®
Circle 27 on reader service card
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Rockwell is more than
the builder of
America's Space Shuffle.
Designed Pr
55 separate firings.

Much more.
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If you think of Rockwe IInternational as acompany that makes
spaceships, you have good reason. We
are prime contractor to NASA for
Space Shuttle orbiters and their main
engines, and for integration of the entire Shuttle system and selected payloads. The Rockwell-built orbiter is the
world's first reusable spaceship, capable of at least one hundred missions
into space and back. It will launch like
arocket, haul like atruck, work like a
space station, then return to Earth and
1978 operating income

1978 total sales

land like aglider.
But aerospace is only part of the
Rockwell story. Rockwell International
28
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is amajor multi-industry company,
applying advanced technology to awide
range of products — in aerospace,
automotive, electronics and general industries. Following are some examples
of our balanced diversification.

Aerospace.
(Sales, fiscal 1978: $1.4 billion.)

Rockwell aerospace involvement extends well beyond the
Space Shuttle. Our rocket
engines have been used
to launch over two-thirds 41
4111
of all U.S. manned space
flights and satellites, and
we're building the Naystar
satellites that are bringing totally
new standards of accuracy to world
navigation.
For general aviation, we build
Sabreliner® business jets, Commander®
690B propjets, and Commander pistonpowered aircraft. And we have along,
proud history as adesigner and builder
of U.S. military aircraft.

.
•
...

)

amano,,

1L;Ime

Automotive.
(Sales, fiscal 1978, $1.5 billion.)

One-half of the
highway tandem tractors in
North America are equipped with Rockwell axles —
and more than half of the
heavy-duty trucks stopwith
Rockwell brakes. We're
also amajor supplier of
drivelines, steel and styled aluminum
wheels, mechanical devices, castings,
stainless steel wheel covers, reinforced
plastic and other components for
trucks, trailers, buses, vans and passenger cars.
'ç
\\!!

Triptnaster
helps atruck live longer —
and afleet operator manage
his business better.

In this age of rising costs, Rockwell is creating products that can help
Electronics/July 19, 1979

Every day,
hundreds millions of
cubicfeet ogasflow through
the Rockwell Hypresphere ball
valves on this production platform
in the Gulf of Mexico.

Rocket engine
power equivalent to
the output of
23 Hoover Dams.

trucks and cars perform better.
We've developed an electronic
instrumentation system
called Tripmastee which
can provide truck fleet operators with data that can
improve vehicle
utilization and

Mechanical
mass storage
computer memories can now
be replaced by
smaller, faster,
more reliable,
more energyefficient systems. „

General Industries.
(Sales, fiscal 1978: $1.5 billion.)

Most of America's major daily
newspapers are printed on RockwellGoss presses. We also make textile
equipment, industrial sewing machines,
power tools, water and gas meters and
other products for utilities.
In addition, our extensive technology is being applied to the
world's growing need for
alternate sources of energy. We're involved in
projects for nuclear
energy, coal gasification, flue gas
desulfurization, and
solar, wind
and geothermal
Electronics.
power.
(Sales, fiscal 1978: $1.3 billion.)
We also
manufacture
We're one of the world's leading
Rockwell was
the first company
valves — plug,
suppliers of avionics — communications, navigation and flight control equip- in the world to produce a
pipeline ball,
256,000-bit memory for
gate,
globe,
ment for air transport, general aviation
commercial applications.
and government aircraft. We also make
angle and
microelectronic systems and devices
check valves for America's
and guidance and control systems. And
power needs. Our Flow Control
we manufacture and install telecomDivision is one of the world's leading
suppliers of high-technology valving
munications systems for businesses
and governments worldwide.
for U.S. and international energy
One of Rockwell's latest elecmarkets. Rockwell valves are used in
tronic achievements is the production
oil and gas production, transmission
of bubble domain memories. We develand processing; natural gas
oped and market adevice measuring
distribution pipelines; coal slurry
about two-fifths of an inch square that
pipelines; synthetic fuel processing
can store up to 256,000 bits of inforplants; electric power plants;
mation. It has no moving parts and reshipboard power plants; and in many
tains its data without use of power.
other energy-related markets.
operating efficiency. Some of our components that can help cut atrucker's
fuel consumption and increase
payloads include anew
aluminum front axle
beam, Taper-Leaf®
springs and
Stopmaster®
brakes. Our
weight-saving
products for
cars include reinforced plastic
components and
aluminum
Our
wheels.
quarter-million-bit
bubble memory device.
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Over 14,300 scientists
and engineers.
Of our 114,000 employees,
one in eight is either ascientist or an
engineer. They constitute about one
percent of America's total scientificengineering community. This
technological base positions us for
leadership in each of our product
areas. It also makes our corporate
slogan,". .. where science gets down
to business," afact.

Business is good.
Rockwell
International's total
sales for 1978 were
$5.67 billion.
Fiscal 1978 was the
most profitable year
in Rockwell's history.
Net income, up 23%
over fiscal 1977,
was $176.6 million,
generating arecord
$5.02 per share.
Earnings per share

For more of the
Rockwell story, please write us:
Rockwell International,
Dept. 815G, 600 Grant Street,
Pittsburgh, PA 15219.

lb

Rockwell
International

...where science gets down to business
Circle 29 on reader service card
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Responsive Technology for the Semiconductor Industry

High throughput, high yield, high reliability:
Manufacturing integrated circuits with
the Perkin-Elmer Micralign 200 Series
tolerance of .25 micron and four
percent uniformity of illumination.
Like other Micralign systems, the
Model 200 Series uses the 1:1 optical projection concept, pioneered by
Perkin-Elmer, to focus light from a
mask. The mask contains many repeats of asingle pattern. In one fast
scan the Model 200 Series exposes
all of these patterns onto asilicon
wafer coated with aphotosensitive
material. After development, the wafer
The crux of microcircuit manufacture is the printing of tiny, complicated electrical patterns on
photosensitive materials. The challenge is to reproduce these patterns
crisply and accurately, in production
quantities, at competitive prices.
This is exactly what PerkinElmer Micralign mask
aligners do.
The newest Micralign,
the Model 200 Series, is
responsive to the semiconductor
industry's needs. It achieves 2micron geometries or better in production, distortion/magnification

is further processed —etched, doped,
and recoated. By repeating this procedure.anumber of times circuits are
built, layer on layer, on asingle
wafer. Finally the wafer is cut to separate each individual circuit.
Because dust, heat and vibration
are major enemies of precise projection, the 200 houses its optics in
aquiet, clean, wear- free world of their
own. Vibration is minimized by two
frames, one inside the other. All
vibrating components have been
mounted to the outer frame, thereby
isolating the projection optics from all
sources of vibration.
The 200 Series has abuilt-in
environmental chamber. External air
is blown through the top of the unit.
The air is filtered and temperature
regulated. Apositive-pressure, Class
100 environment is carefully controlled to better than 1°F.
Options include automatic wafer
loading and arevolutionary automatic alignment system. Deep UV
coatings for even smaller geometries
will be available soon.

"Sputtering" thin films onto microcircuits
quickly, uniformly, economically:
The Perkin-Elmer 4410
The thin metal films used in making
semiconductors are deposited by
sputtering systems. Evacuate a
chamber; fill it with argon; place a
high-potential cathode on the ceiling
of the chamber and alazy susan
loaded with silicon wafers on the
floor; attach to the cathode atarget

30

of the material to be deposited; turn
on the current.
That, in essence, is sputtering. The
current ionizes the argon, and the
argon ions in their efforts to reach
the cathode bombard the target
material, knocking off atoms which
settle, uniformly dispersed, on the
wafers circling below. Layer by layer,

the film builds up to the desired
thickness.
Perkin-Elmer sputtering equipment has long set industry standards
worldwide. Our latest unit, for example, the 4410, features anovel
delta-shaped DC magnetron cathode
and microprocessor controller. Both

Electronics/July 19, 1979

play an important role
in producing the high
quality films and high
throughput essential
for the economic production of semiconductors.
The Delta Tm cathode
deposits aluminum alloy and other metallic
films at very high rates.
This is important for building dependable microcir-

cuits today. It's even more important
for the high density semiconductor
devices of the not-too-distant future.
The microprocessor
automatically controls all
process variables and eliminates human error. It thus
assures run-to-run repeatability for high yield and
throughput.
All of which help make the
4410's return-on-investment
better than that of any competitive system.

The Perkin-Elmer SAM 590:
Probing semiconductor quality
layer by atomic layer
As the Micralign system is the world's
leading producer of micro-electronic surfaces, so the leading tool
for analyzing such surfaces is the
Perkin-Elmer 590 Scanning Auger
(pronounced Oh-djay) Microprobe,
familiarly known as SAM.

facture. Or detecting such imperfections as microscopic aluminum
spikes between semiconductor
layers which can cause short circuiting. Or scrutinizing bonding pads
for trace contaminants which cause
poor bonding adhesion.
To do such jobs, SAM bombards a
specimen with abeam of electrons,
causing the emission of X-ray photons and chemically specific Auger
electrons. These Auger electrons
originate in the topmost two or three
atomic layers of aspecimen surface.
By 'measuring the kinetic energy
and number of Auger electrons
emitted, SAM provides aquantitative
as well as qualitative identification
of surface constituents. If the electron beam is scanned, SAM can map
the distribution of chemical elements
over aselected area.
SAM incorporates an ion bombard-

ment gun that continuously erodes
an area of the sürface so that the
microprobe can analyze downward,
layer by atomic layer. This makes
possible atrue three-dimensional
analysis of thin films.
Where applications require, SAM
can be expanded into amultipletechnique instrument through addition of ESCA (Electron Spectroscopy
for Chemical Analysis), which measures electrons released due to X-ray
stimulation of asurface, and SIMS
(Secondary Ion Mass Spectroscopy),
which detects ions emitted after
primary ion bombardment.
For more information on these
products, please write: Corporate
Communications, Perkin-Elmer,
Main Ave., Norwalk, CT 06856.

Three-dimensional materials characterization
using Auger analysis with ion sputter-etching.

Typical tasks for SAM include evaluating the integrity of asemiconductor's thin film interfaces and
checking to be certain impurities
were not introduced during manu-

PERKIN-ELMER
Responsive Technology
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ANOTHER VINTAGE YEAR
FOR CHERRYS

We planted the seeds for these Cherrys 25 years ago.
Today they're the pick of the switching crop. Good, sturdy,
hardworking switches with years of know-how, experience
and refinement behind them ... and a bright future ahead.
What kinds of switches? You name it, Cherry's got it.
Snap-action switches with unique Cherry coil spring mechanism for long mechanical life. Gold crosspoint contact
switches for low energy solid state circuits. Thumbwheel
switches in a full range of alphanumeric readouts and
output codes. Individual keyboard switches and complete
keyboard assemblies with electronics. Rotocode® switches
..a new rotary switch with coded electrical output.

CHE

N.

If your products are made or sold overseas you'll be glad
to know that Cherry's switches are available worldwide
from our modern manufacturing plants in the USA, England,
Germany and Japan and a licensee in Australia. All our
switches have passed rigid performance requirements of
independent testing laboratories. Many of our switches
have been listed, certified or approved by various international testing and approval agencies.
Check the complete crop of Cherry switches. Ask for our
latest 84 page catalog. For immediate action just phone
(312) 689-7700.

CHERRY ELECTRICAL PRODUCTS CORP.
3608 Sunset Avenue, Waukegan, Illinois 60085

SWITCHES and KEYBOARDS — Available locally from authorized distributors.
Circle 32 on reader service card

Electronics newsletter
HP to introduce

Although the project is code-named Pisces, Hewlett-Packard Co.'s planned
thrust into the field of microprocessor development systems is more than
microprocessor
just afishing expedition. HP'S Colorado Springs (Colo.) division is poised
development unit ... to launch abold offensive come mid-September with amultiuser universal
microprocessor development system.
Unlike existing development systems, it can either stand by itself or be
linked to an HP series 3000 general-purpose computer for more extensive
software emulation programs or to access a larger data base when the
number of users warrants it. HP reportedly has developed a specially
designed calculator-controller that is, in effect, asubset of its 9825 desktop
computer. The controller is said to be able to accommodate ahalf-dozen or
so users (possibly on atime-shared basis), each at separate terminals that
provide in-circuit emulation of microprocessor hardware and software. The
system, called PDS, is expected to use afixed hard disk initially; eventually
it may also have a removable disk to provide archival program storage.
Pisces will cost about $25,000, with atypical three-terminal configuration
expected to cost about $35,000.

...as well as
personal and
scientific computers

On the heels of Texas Instruments' long-awaited move into the personal
computer field last month, Hewlett-Packard Co. also is tossing its hat into
that arena with afamily of machines. The initial entry from HP'S Corvallis
(Ore.) division is the model 41, based on a hand-held calculator and
code-named Coconut. To be sold for about $600, it has an alphanumeric
keyboard and four ports for connecting an optional printer, random-access
memory, and math packages, for example.
The next item on the division's agenda is understood to be a calculator—desktop computer unit that includes afull alphanumeric keyboard, a
small cathode-ray-tube display, abuilt-in printer, and a 16-kilobyte main
memory (expandable to 64 kilobytes). A floppy disk and a plotter are
optional. Expected to make its debut later this year, this high-end personal
computer, code-named Chestnut, will use Basic and cost $2,500.
Meanwhile, HP'S Data Systems division is planning amajor entry of its
own with the introduction of a 32-bit 1000 series (formerly 2100 series)
scientific computer by year's end. A spokesman for HP's Cupertino, Calif.,
Computer Systems Group neither confirms nor denies the reports.

GenRad, software

GenRad Inc. of Concord, Mass., and Structural Dynamics Research Corp.
of Cincinnati are about to announce a joint marketing agreement that
house merge would combine GenRad's computerized structural analysis and mechanical
their resources ... test systems with SDRC'S software. Under the agreement, test systems
from GenRad's Acoustic, Vibration, and Analysis division, Santa Clara,
Calif., would be supported by SDRC software.

...with
new systems
as first fruit
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As many as six new programmable test systems may emerge this summer
from the GenRad-sDRc meld. The key characteristic of the new systems
would be a combination of low cost — a range of about $40,000 to
$80,000 is being mentioned— and user programmability. Nowadays,
mechanical design engineers must choose between costly programmable
systems or inexpensive hardwired systems with limited performance. The
new systems would change that, for they would be aimed at acoustic-signal
and structural analysis, plus vibration control.
33

Electronics newsletter
990 module serles
from Ti to get
magnetic storage

National, Intel
to second-source

Look for new board products soon from Texas Instruments Inc. designed
to introduce the 990 series of 16-bit microcomputer modules to the world
of nonvolatile magnetic storage. Expected this quarter is the TM990/303,
a floppy-disk controller board capable of handling dual-sided, doubledensity disks. Tes Houston operation, which markets the 990 module
family, is also planning to bring out a990 bubble memory module before
year-end, but is currently reevaluating a design that makes use of the
company's 92-kilobit magnetic bubble chips.

National Semiconductor Corp. by spring 1980 will be an alternate supplier
of Western Digital Corp.'s dual-density floppy-disk controller chips.
National's parts, the IN582892 and IN582893, will be functionally equiv-

disk controller chips

alent to the WD1791B-01 and WD1793-1 currently being offered by the
Newport Beach, Calif., company. Both parts feature dual-side dual-density
select, but only the former has an inverted data bus. Neighboring Intel
Corp. also has plans to second-source adual-density controller, but it will
be the µPD765 from NEC Microcomputers Inc., Wellesley, Mass.

New Itel units

Apparently feeling that the best defense is a good offense, Itel Corp.'s
troubled computer operations [Electronics, July 5, p. 54] is introducing
two new high-end mainframes to battle IBM: an AS/7 model 7033 to
compete with the top-of-the-line 3033 and an AS/8 7034 to contend with
the impending so-called M series, which Itel in San Francisco expects IBM
to unveil in the second quarter of 1980.

to battle IBM's
3033, M series

Motorola prepares
to second-source
1-K-by-1-bit static RAM

Addenda
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Like a number of other companies in the mos business, Motorola Inc.'s
Semiconductor Group is working hard to develop its own version of Intel
Corp.'s 2147, an industry standard 4,096-by- 1-bit fast static randomaccess memory [Electronics, April 26, p. 125]. But Motorola's Austin,
Texas, mos memories operation has also developed definite plans for the
low end of the rapidly growing market in fast static RAMs. Now slated for
sample quantity deliveries during the first quarter next year are the
MCM21151 and 2125A, which will be second-source versions of similarly
designated 1-K-by-1-bit fast static parts from Intel.

General Electric Information Services Co., Rockville, Md., will acquire
Mitrol Inc., Lexington, Mass., on Aug. 31. Mitrol, a$4.5 million software
company, produces an industrial manufacturing system called
...Lifeboat Associates, a microprocessor software supplier in
New York City, has announced a C language compiler for the 8080. It
sells for $110, with documentation, and runs under the CP/M operating
system. ...Continuing his fast rise within Xerox Corp., Donald J.
Massaro has become president of the Office Products division in Dallas,
Texas, which has been reorganized to include more lines from the Business
Systems division in El Segundo, Calif. Massaro, 36, was promoted in April
to the presidency of Xerox Memory Systems in Santa Clara, Calif., after
heading Xerox-owned Shugart Associates. ...Robert S. Pepper will
take over Aug. 6as general manager of RCA's Solid State division. He is
vice president and general manager of Analog Devices Inc.'s Semiconductor division.
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IF YOU THOUGHT
ALL WE MADE WAS ROMs.
Think again.
ROMs are only part of Electronic Arrays' growing family of
NMOS memory products.
EA has RAMs.
The EA 2114L 4K static RAM features five guaranteed access
times ranging from 150 to 450 nsec.
EA has EPROMS.
The EA-2716 16K UV Erasable PROM, which operates from a
single +5V power supply, and the EA-2708 8K UV EPROM are both
pin compatible with EA ROMs.
And you know our three-week ROMs.
EA's 8K, 16K and 32K ROMs feature very fast access times (350
to 450 nsec), full TTL compatibility and three-state outputs.
Call Electronic Arrays for memories: ROMs, RAMs and
EPROMs.
550 East Middlefield Road, Mountain View, CA 94043, (415)
964-4321. Philadelphia (215) 643-1447. Chicago (312) 858-8505.

ELECTRONIC
ARRAYS.
ROMs, RAMs, EPROMs.

An
Electronics/July 19, 1979
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If you can
histnnnentation
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build abetter
amp,we'll hire you.
Anyone thinking they can whip-up an amp
superior to our LH0038 should first review
the job requirements.
The LH0038 Precision
Instrumentation Amplifier =
is ahybrid consisting of 4
amplifiers, alow noise input stage, and acomplete
thin film resistor network.
This enables again choice from 100 to 2000.
Non-linearity is 1ppm at all settings. Gain temperature coefficient of 7ppm includes the internal gain setting resistors.
Specs are guaranteed over temperature
ranges of —55°C to +125°C. Input noise
from 0.1Hz to 10Hz is only 0.2 uVp-p. Common
mode rejection is 120 dB. And the entire amp
is hermetically sealed. (Plus 883 processing is
available, too.)
If you can do all that and charge the lowest
price on the market, without incurring expensive,
time-consuming costs for testing, trimming
and reworking your creation, while being sure
it fits astandard DIP package, then you have
our attention.
Now, if you can back it up with awarranty
like we do, you've got yourself ajob.
If you can't do all that, hire us.
01.070
REFERENCE
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National Semiconductor
2900 Semiconductor Drive
Santa Clara, CA 95051
Gentlemen: I'm considering you for the job. Please
send me more information about the LH0038 Instrumentation Amplifier.
Name
Title
Company
Address
City
State
Zip
E7/19 9-12

j

M National Semiconductor

OUT
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Solderless saves time like you
wouldn't believe. Our Proto-Board
solderless breadboards put everything you need to get your circuit up
and running on an aluminum
backplane that lets you work at
frequencies from DC to half a GigaHertz. Three Proto-Board models
feature built-in regulated power
supplies—and one of them's a
build-it-yourself kit!

CSC solderless breadboards save
energy, too. Especially yours. Because
circuit building becomes a simple
plug-and-chug process, straight
from an idea to a working circuit.
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That's why we've become the
easiest-to-find solderless breadboards in the wood—available at
more stores than anybody else in
the business. Because people who
know solderless best insist on CSC.
Save time and energy. Get a
head start with CSC.

There are 9Proto-Boards in all,
manufacturer's suggested U.S. resale
prices from $15.95 to $124.95.
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Significant developments in technology and business

Magnetics conference
looks at new processes
for bubble memories
by Benjamin A. Mason, New York bureau manager

Josephson-junction logic,
magneto-acoustic keyboard
also described at joint
parley in New York City
The electronics of the day after
tomorrow are hot topics at this
week's Second Joint lntermag —
Magnetism and Magnetic Materials
Conference in New York City.
Among more than 400 papers are
numerous presentations on bubble
memories, Josephson junctions, and
the like.
Some highlights, reported in this
story and the three that follow,
include:
• Ion implantation in contiguousdisk bubble memories, which are
denser than conventional types.
• Scaling down aproduction process
to get 2-micrometer permalloy bubble devices.
• A keyboard with a magnetoacoustic delay line as akey sensor.

• A current-switched Josephsonjunction logic gate.
Just how contiguous-disk propagation patterns are made is one
session's topic—and the title gives
the "how" away: "Ion implantation
in bubble devices."
Session chairman Raymond Wolfe
of Bell Laboratories in Murray Hill,
N. J., says the idea originated at
Bell, with IBM Corp.'s Watson
Research
Center,
Yorktown
Heights, N. Y., also doing considerable research. Both organizations are
discussing their work.
As Wolfe explains it, ion implantation through a photoresist mask
alters the surface of the thin garnet
film in which the magnetic bubbles
define themselves. It changes the
axis of magnetization of the treated
area from perpendicular to parallel
to the film. To guide the bubbles, it
also provides the magnetized domain
walls that IBM has described previously [Electronics, March I, p. 39].
Not only is the implantation
process akin to that used in semicon-
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ductor manufacture, Wolfe notes,
but the propagation method is like
that used with conventional permalloy patterns. External coils generate
the rotating magnetic fields that
drive the bubbles around the loops
and past sensing circuitry.
There are differences in the way
the two research groups produce
their patterns, Wolfe says. The Bell
group puts a photoresist and the
subsequent implantation right onto a
single garnet layer that both contains the magnetic bubbles and acts
as asupport; the material is the critical factor in this technique. IBM
grows a magnetic epitaxial layer for
the bubbles on top of nonmagnetic
supporting garnet, then another
magnetic layer for the implantation;
the epitaxy process is the critical
factor here.
Also, the Bell chips use photoresist
for patterning right on the garnet
while IBM's have a layer of gold and
then photoresist. The propagating
pattern is etched from the gold,
which also can form the conductors
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One-step lithography. To produce the contiguous-disk bubble memory at left takes three masks and lithography steps: one for sensors, one
for vias, and one for conductors and ion-implanted patterns. As explained in a paper by IBM researchers, the device they are developing,
right, needs no vias, and one masking and lithography step produces the other three features.
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for control circuits. Bell must add
conductors in a second step. Thus,
IBM's gold layer solves the problem
of aligning the control circuitry with
the propagation lines.
Forming both propagating and
conducting patterns in one step eliminates amasking step from the typical four needed. An IBM paper by
Kie Y. Ahn and Susan M. Kane
reports on reducing the number of
masking steps to one, eliminating the
need for critical alignment.
The previous structure, shown at
the left in the figure, requires vias,
but the new structure on the right
eliminates them and their related
processing steps, including one of the
three lithography steps.
The other two lithography steps,
one for the sensors and the other for
the conductors and ion-implantation

mask, are combined. The resulting
device has a minimum drive field of
20 oersted and bias-field margins of
15% at adrive field of 50 oe. These
figures compare favorably with samples made by conventional multimask processing, researchers say.
Eliminating the second silicondioxide insulating layer permits use
of lower-energy ion implantation.
The final yield also improves because there is less uncertainty about
the thickness of the insulation layers
through which the ions are implanted. However, the process requires a three-level mask, and that
calls for the very high alignment accuracy of an electron-beam exposure
system. Moreover, the final sensor
thickness is highly critical and the
ion milling that achieves it can be
difficult to control accurately.

Bubble memories

Texas Instruments is readying process
for shrinking size of magnetic bubbles
Product researchers at Texas Instruments Inc. say they have developed a
new planar processing approach for
fabricating magnetic bubble memory devices that overcomes problems
in scaling to 2-micrometer bubble
devices from today's 3-µm bubble
technologies.
To be discussed in a paper
presented at the Second Joint Intermag — Magnetism and Magnetic
Materials Conference, the technique
will probably allow fabrication of a
1-megabit chip with an area of 1
square centimeter using 2-µm bubbles, says D. C. Bullock, who heads
up the Dallas company's bubble
memory product and process development research work. Bullock adds
that the approach could easily be
taken further, allowing 2megabits of
storage in 1square centimeter using
1.25-µm bubble diameters.
Not effective. Impetus for developing the new process came when TI
researchers found that they could
not effectively scale to the 6- to8-µm period ranges needed for 2-µm
bubble devices using conventional
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nonplanar bubble-processing techniques. With the conventional approach, used by TI in the fabrication
of its commercially available 256kilobit bubble devices, a layer of an
aluminum-copper alloy (A 1
-Cu) is
deposited, patterned, and either ionmilled or wet-etched before deposition of the succeeding layers of silicon dioxide and nickel-iron (permalboy). The permalloy layer is then
patterned and ion-milled.
But while that approach is workable for 3-µm bubble devices—such
as Ti's 256-kilobit part—that require
a 12- to 16-µm period range, it is
unworkable when scaled,down, says
Bullock. That is due to step coverage
problems with the permalloy where
it crosses over the Al-Cu leads at the
smaller device levels.
The TI solution is to deposit a
triple layer, a sandwich of Al-Cu,
silicon dioxide, and permalloy, before doing any patterning or material removal. Processing is then done
from the top down, instead of from
the bottom up, as with the conventional technique.

After the three-layer deposition,
the permalloy layer is patterned and
ion-milled; this process is followed
by patterning and plasma etching of
the silicon-dioxide and Al-Cu layers
underneath. The gate design used in
the 256-kilobit chip was modified for
fabrication with the new process,
which because of the top-down
approach requires that Al-Cu be
present wherever there is permalloy,
says Bullock. In fact, the permalloy
acts as apartial mask for the Al-Cu
because of its resistance to the plasma etch.
In addition to the plasma processing, which is new to Ti bubble technology, the new technique calls for
lox reticules to be generated by
electron beam, which are then used
in a step-and-repeat manner. This
contrasts with the 1:1 photo-masking technique used on Ti's 256-kilobit devices.
Worthy process. The result is
what Bullock calls a "productionworthy" process capable of 1-µm
geometries with ±V4-µm registration. It is less costly than the old
approach and produces devices not
bothered by permalloy step coverage
problems. Despite the emergence of
alternative approaches to bubble
technology, which use field-access
ion-implanted lattice files and contiguous disks, for example, Bullock
says he is confident the new process
technique will enable Ti, if it so
chooses, to produce the next generation of 1-megabit chips without
changing its basic bubble approach.
"I really think the permalloy device
will withstand all of the threats
[from other technologies]," says
Bullock, "at least for one more
generation."
-Wesley R. Iversen

Peripherals

Keyboard design
relies on delay line
To the casual user, International
Business Machines Corp.'s experimental keyboard may look and work
like any other capacitive unit. But
inside is something quite different:
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Detection. Pulse from fixed magnet contained in each key of IBM keyboard triggers the one-shot, which clocks the shift register. When akey
is depressed, the movable magnet it also contains generates asecond pulse and a 1is entered in the register.

the key depressions are monitored by
the generation and detection of
acoustic waves propagated along a
plated wire.
As described at this week's Second
Joint Intermag —Magnetism and
Magnetic Materials Conference, the
operation depends on low-intensity
permanent magnets molded into the
keys and a magneto-acoustic delay
line consisting of a nickel-iron plating over a 125-micrometer-diameter
beryllium-copper wire. The wire is
threaded, serpentine fashion, under
the keys.
The research group responsible,
located at IBM's Thomas J. Watson
Research Center in Yorktown
Heights, N. Y., says the delay-line
arrangement simplifies the wiring of
the keyboard enormously. The conventional array of conductors on a
two-sided printed-circuit board plus
all of the associated circuitry can
make up a significant part of the
board's cost for a large keyboard,
they note.
Easy axis. The nickel-iron plating
—it is 2 micrometers thick—
achieves an easy axis of magnetization around the circumference of the
wire. When the key is depressed, its
magnet's field locally rotates the
magnetization in the plating on the
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delay line. A microprocessor in the
system interrogates the keyboard by
generating a 1-microsecond current
pulse through the wire. This pulse in
turn generates torsional acoustic
waves under each depressed key that
propagate to a detection coil at one
end of the wire.
Since the propagation time to the
detector identifies the depressed
keys, each interrogation pulse is able
to yield alist describing the status of
each key. Thomas K. Worthington, a
member of the IBM group, points
out that the microprocessor can
interpret the list in terms of shift and
multiple-key meanings and that it
can also handle the rollover problem
that occurs when the typist depresses
a key before releasing the previous
one.
Pairs of magnets. A single magnet
in each key would be the simplest
scheme, but to time the resulting
single pulse would require a highly
accurate and stable clock, as well as
rigorous tolerances in the meandering wire, according to the researchers. For a self-clocking keypad,
IBM's setup uses pairs of magnets,
one fixed at the key and one moving
with the key as it is depressed, and
the detection circuitry shown in the
schematic above.

An initial interrogation pulse produces asignal from the fixed magnet
of each key that triggers the oneshot multivibrator, which clocks the
shift register on its falling edge.
Another pulse begins; if a key is
depressed, its movable magnet
causes asecond pulse to arrive at the
one-shot, and a 1 is entered in the
shift register.
The shift register assembles eight
8-bit words, each word representing
eight keys. Thus a relatively slow
8-bit microprocessor may be used,
reading the contents of the shift register every 6412s.
The researchers say that the
design of their unit is much more
tolerant of debris or imperfections
under the magnetic pads than are
conventional capacitive or electrical
contact keypads. The base plate is an
inexpensive plastic molding, rather
than a two-sided pc board; a single
driver and the detection circuitry
could be put on one silicon chip and
all logic, including the processor, on
another. Making the small magnets
that are part of each key requires
only adding ferrite powder to the
plastic molding material that is used
to fabricate conventional capacitivetype keys.
The concept's future is largely a
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question of whether one of IBM's
divisions wants to apply it to its
equipment, Worthington says. He
regards the keyboard design as practical.
-Benjamin A. Mason

Solid state

Current switches
Josephson junctions
Moving a little closer to the day
when the super-fast, minimal-power
Josephson junction becomes practical for logic circuitry, Bell Laboratories is unveiling a current-switched
version. Such designs "are simple,
compact, and relatively tolerant of
fabrication variations," reports a
team of researchers from Murray
Hill, N. J.
Most work with Josephson junctions has been with magnetically
switched gates, says team member
Theodore A. Fulton. Currentswitched gates have proved sticky
going. "Frankly, up to this point, no
one has thought of a reasonable
design," he says.
The Bell Labs team is reporting
on its work at this week's Second
Joint Intermag —Magnetism and
Magnetic Materials Conference, in
New York City.
According to the Bell team, the
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current-switched gates "rely on a
direct summing of the gate bias
current with control current inputs
to cause switching from the lowresistance state to the high-resistance state." It therefore shows
promise for logic, memory, and
switching applications.
As well as designing the basic gate
structure, the researchers have gone
on to fashion a flip-flop and logic
module, one version of which is
shown in the figure. The basic gate
uses two Josephson tunnel junctions
and a small resistor in a loop, as
shown in the schematic.
In the simple and compact gate,
one junction (J 1 or II)is called the
summing junction and the other the
diode junction, although actually
either could perform the summing
that starts the switching.
Less critical fabrication. The standard magnetically switched Josephson gate also has two junctions, but a
third leg has to have a fairly large
inductance, rather than a small
resistance, Fulton says. Thus it is
bigger; and because performance
depends on a precise inductance
value, the fabrication is a much
more critical step than with Bell's
current-switched gate.
The research team has expanded
its basic gate to incorporate asecond
diode junction. "The extra diode
allows looser tolerances on I.," say

Commercial

Metro's fare cards
failing too often

1
BIAS

FANOUT
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SUMMING
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Junction. The basic current-switched Josephson gate is formed by two junctions, J, and J2,
and a small resistance, R. The gate switches when the threshold current in J, is exceeded.
Bell used several gates in the setup shown for checking out various logic operations.
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the researchers. I. is the maximum
current that the superconductors
making up the junction will produce
at a zero voltage and liquid helium
temperatures. Because Josephson devices have low gain, they must be
made to resonably tight tolerances
on I., but the two-diode structure is
away out, Fulton says.
Demonstrator. To test the capabilities of their current-switched design, the Bell researchers devised the
more complex logic circuit shown in
the figure. Different combinations of
current bias perform several operations, including three-input majority,
two-input OR and AND, three-input
minority, two-input NOR and NAND,
and inversion. Under some conditions, the circuit can add an exclusive-OR, and it can serve as a D flipflop in clocked operation.
One limitation of the circuit, say
the researchers, is that it leaks some
current every time it switches. However, they report that the fanout
current can still drive up to four
subsequent gates.
Fulton says gate delays as low as
50 to 60 picoseconds have been
produced. Future work will include
design optimization and more complex circuitry.
-B. A. M.

Increasing numbers of commuters in
the nation's capital find that when
they try to switch to the Metro—
"the world's most modern subway
system" —they have to fight to get
on board. The challenger: Cubic
Western Data Corp.'s automated
fare-collection system known as
Farecard. The system malfunctions
close to 20% of the time, a figure
double Metro's projected failure
rate, officials say. Rush-hour chaos
is mounting as the number of riders
grows in the face of the area's gasoline shortage. Severe problems have
arisen on a few occasions when all
five Farecard vending machines in a
single station have broken down,
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Now, TM 500 gives you True RMS
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function DMM...
from Tektronix.
If you need aDMM that's versatile yet
easy to use, take alook at the new
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Cubic has $100 million winning ticket
Despite its problems in the Washington and San Francisco transit systems,
Cubic Corp.'s Western Data subsidiary now virtually owns the automatic
fare-collection field. Founded in 1968, and facing the likes of IBM, Litton
Industries, GE, and Control Data Corp., which have made abortive passes at
the field, Cubic has racked up $100 million in contracts in the last seven
years. The company predicts agrowth to $200 million sales in five years.
The latest contract, for the first-phase automation of the London rail
system, was awarded to ajoint venture, Westinghouse Cubic Ltd., based in
Surrey, England. The project calls for about $22 million for engineering,
prototype, testing, and preparation for production of the fare-collection
system. If successful, the second phase—production and installation at the
300 London subway stations—will cost over $189 million.
Cubic's newest installations include a subway opened last month in
Atlanta and a rail system scheduled to begin operations in Hong Kong
sometime in September. Automatic Cubic equipment is also used in
commuter airline terminals operated by Pacific Southwest Airlines. Other
airlines are looking at the system too.
The basis of the fare-collection system is magnetically coded tickets that
are read at individual collection stations controlled by Intel 8080 microprocessors. The collection stations in turn are linked to acentral minicomputer,
from which management can get real-time cash flow, traffic flow, and
maintenance service data.

requiring station personnel to let
riders through the gates without
tickets (see "Farecard's failings").
In San Francisco, the Bay Area
Rapid Transit system is having problems with its fare-collection system,
also provided by Cubic Western,
which is a San Diego subsidiary of
Cubic Corp. These include troubles
with the paper money validator not

accepting wrinkled bills and the
automatic gates not reading the
coded magnetic stripe on each Farecard. As aremedy BART is embarking on a$2 million modification.
More drastic action is contemplated for the $5 billion Washington
Metro. Its manager, Richard S. Page,
reported to the subway's board of
directors that if Cubic's system

Farecard's failings
Failures of Washington's Metro subway ticket system "are not always the
fault of electronics," says one city transit official, "but that doesn't help the
frustrated rider." Sometimes, for example, the ticket vending machines are
not stocked with change.
The system is supposed to work like this: a rider buys a magnetically
encoded ticket from an automatic Farecard vending machine by inserting
anywhere from 50 cents to $20. The ticket is then inserted in an entrance
gate to activate it and is returned to the rider. At the exit station, the ticket is
used again to leave the terminal through asimilar gate, which automatically
calculates the cost of the trip, deducts it, and prints the remaining value on
the ticket which it returns to the rider. If the ride costs more than the value
remaining on the ticket, the ticket is returned and aflashing message panel
directs the rider to an "Add-fare" vending machine to pay more money.
But Cubic's baulky Farecard machines do not always work that way. "Bills
get chewed up sometimes," an official explains, "or the machine returns the
wrong amount of change—sometimes too much, like aslot machine jackpot,
or more often none at all because it has run out." The magnetic heads used
to record ticket values often get dirty and malfunction, says one maintenance specialist, who complains that the inaccessibility of the heads makes
them difficult to clean. Slightly crumpled or torn Farecards also pose a
problem when entrance or exit gates reject them.
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cannot be repaired quickly, it may
have to be junked in favor of an
alternative—perhaps an old-fashioned single-fare system. One of the
options, say Metro system staffers, is
suing Cubic for failure to satisfy the
terms of its projected $53 million
Farecard contract, of which $45
million has been committed [Electronics, Nov. 9, 1978, p. 57].
"All we're doing now is running
around putting out fires," complains
one Metro maintenance official, noting that spare parts for the Cubic
equipment either are in short supply
or malfunction on installation. Some
existing equipment is being cannibalized for parts, he says.
At Cubic Western Data, Thomas
B. Tuttle, director of domestic automatic fare-collection programs, concedes there have been problems,
especially with the availability of
spare parts, "which is at present a
major area of concern." Cubic has,
he says, maintained spares at its own
expense in the Washington area.
Excluding equipment that is down
or unavailable because of a lack of
spare parts, the "Cubic fare collection equipment continues to maintain an availability level of 90% or
better," Tuttle asserts. "This performance is far better than has been
generally recognized." Moreover,
Cubic has spent more than $1
million of its own to improve the
equipment, he continues. The results
were successful at a test station in
Washington and were to be presented to Metro management earlier
this month.
-Ray Connolly

Photovoltalcs

Honeywell skims
silicon melt
Skimming a skinny rectangle of
carbon-coated ceramic across a
trough full of molten silicon may
produce an important breakthrough
for photovoltaics: low-cost production of the basic solar-cell material.
The experimental process, under
development at Honeywell Inc.'s
Corporate Technology Center,
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Skimm«. Ceramic substrate, moved across a trough of molten silicon, picks up coating of
crystalline material that can be used to fabricate photovoltaic solar cells.

Bloomington, Minn., could be the
forerunner of continuous growth of
sheets of large-grained polysilicon.
Honeywell's premise is that
cheaper silicon is possible with
supported growth—that is, a cheap
substrate like ceramic on which
large areas of the solar-cell material
may be grown. Also, related work at
the technology center has almost
doubled the 5.5% efficiency Honeywell previously reported.
Essentially, the new skimming
process is an advance over the
dipcoating approach (p. 110) that
the center originated, says J. David
Zook, group leader of its low-cost
solar cell program. In that approach,
pieces of ceramic about 21
/ by 3
4
inches are dipped into a crucible of
molten silicon, which sticks to the
carbon-coated underside.
However, holding the molten silicon in a long, narrow fused-silica
trough permits larger sheets of silicon to be skimmed from the surface.
Right now Honeywell is doing this
with 2-by-20-in. ceramic substrates.
Zook says the molten silicon rises
as high as 1 centimeter above the
trough because of its high surface
tension against the ceramic. This
facilitates continuous skimming,
since the silicon does not actually
drop into the trough. (It also facilitates the acronym that the group
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came up with: scim, for silicon coating by inverted meniscus).
Along with the ribbon-growing
process, sheet growth is an alternative to ingot growing of single-crystal silicon. However, supported sheet
growth is inherently stable whereas
unsupported ribbon growth is not,
says Zook. Thus, interrupting the
production process does not require a
restart from "ground zero" as with
ribbons; nor does such aproblem as
acarbonless spot spoil the coating of
the rest of the sheet.
The original coating process was
dreamed up in 1975 by J. Don
Heaps of the Honeywell solar-cell
group and Obert N. Tufte, who is
Zook's boss. Federal funds funneled
through the Jet Propulsion Laboratory financed that research; Heaps'
work on sclm over the past two
years is funded by Honeywell.
Faster rate. The goal of Zook's
group is a throughput rate of 0.15
square centimeter asecond, which is
higher than that for ribbon growing.
Add to that the minimal use (and
wastage) of the silicon and the
continuous and stable nature of the
scim process, and the result could be
a cost per watt as low as 30 cents,
well within the Department of Energy's 1990 goal of 15¢ to 50¢ (in
terms of 1975 dollars).
The Honeywell group wants larger

sheets of the aluminum silicate
ceramic. Its supplier, Coors Porcelain Co., has produced 4-by-40-in.
substrates, and Zook says cells as big
as 4by 4in. may be possible.
An important attribute of the
sclm process is that it does not introduce ceramic impurities into the
melt, which can be a problem with
dipping. Fewer impurities will, of
course, raise conversion efficiencies
in the resulting solar cells.
Another contributor to hiked efficiency is arevised substrate architecture, Zook says. Earlier versions had
solid ceramic with topside connections to the silicon. Now the
substrate is slotted, so the connections can come up through it.
Working with 1-millimeter-thick
ceramic, the Honeywell group is
using 1-mm-wide slots, with about 1
mm between them. The more open
space there is, the less the series
resistance of the bulk silicon affects
current collection, Zook says. Conversion efficiency is now running
about 9.9% in 10-cm 2 cells, he
reports.
-Benjamin A. Mason

Solid state

TI sells off its
germanium line
The ever-dwindling germanium
transistor market lost another supplier last month as Texas Instruments Inc. sold its germanium line —
lock, stock, and customer lists— to
Germanium Power Devices Corp.,
an Andover, Mass., firm.
TI, which is getting out of the
business after 25 years and a
claimed 2billion—plus units shipped,
is among the last of the big semiconductor houses to forsake germanium.
Motorola sold its line in 1976, but
many other giants dropped out in the
1960s, when germanium transistors
were largely displaced by silicon
devices.
Down to three. According to TI, it
is simply no longer practical for it to
continue manufacturing and stocking germanium transistors. With its
departure, says GPD president Oliver
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R6500 any way you like it.
That's Rockwell Micropower!
Rockwell's R6500 microcomputer
R6500 CPU Options
system consists of afamily of ten
40-Pin DIP
28-Pin DIP
chip clock
R6503 R6504 R6505 R6506 R6507
R6502
software-compatible CPUs featuring On
R6512 R6513 R6514 R6515
External Clock
Memory Address Space
65K
65K
4E
8K
411
4K
8E
13 powerful addressing modes.
Interrupts — Maskabk
Yes
Yes
Yes
Yes
Yes
Yes
No
You get general-purpose I/0,
Yes
No
No
No
No
—Non-Maskable
Yes
Yes
SYNC—Output indicates
communications interface, standard
No
No
No
No
No
Yes
Yes
op code fetch cycle
ROY—Single step and slow
memory, and combination memoryNo
Yes
No
Yes
Yes
Yes
No
memory synchronization
1/0-timer circuits. Our intelligent 0 Clock Output
No
No
No
Yes
Yes
Yes
No
DBE—Extended Data
peripheral controllers provide cost effecNo
Yes
No
No
No
No
No
Bus Hold Time
tive software/hardware tradeoffs. And
there's even asingle-chip R6500/1 microcomputer.
To give you aheadstart in microcomputing, AIM 65 (R6500 Advanced Interactive
Microcomputer) puts aterminal style keyboard,20-character alphanumeric printer
and display, cassette interface, and more at your fingertips for only $375.
To put your design effort in high gear, Rockwell's SYSTEM 65 is apowerful, easy-to-use
development system with two integral mini-floppy disk drives. High level PL/65 language
designed to increase programming productivity is also available.
More to choose from in 1979 from the fastest selling microprocessor in 1978. That's
Rockwell Micropower.
For more information, contact Department 727- F2, Microelectronic Devices,
Rockwell International; RO. Box 3669; Anaheim, CA 92803, or phone (714) 632-3729.
1

Rockwell International
...where science gets down to business
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MITEL
CMOS/LSI DIGITAL
TONE I'e'
1
CIRCUIT MT8820

Featuring:
• CMOS Low Power Consumption
• Wide Operating Ranges
—Supply Voltage 5to 15 volts
—Temp Ranges
55 to 125'C &
40 to 85 C
• Decodes all 16 DTMF Digits
• Has 3Selectable Output Codes
• Latched 3-State Buffered Outputs
• Uses Std 3.58 MHz TV Crystal
• Detect Times 10 to 30 MS
• Adjustable Detect & Release Times
• Std 24-Pin Plastic & Ceramic DIP
• Immediate Delivery
• LOW PRICE
$15.00 ea in Clty's of 100-up.
Contact the leader in tone receivers and
CMOS technology for more information

1414
AM\

nninlier
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1745 JEFFERSON DAVIS HWY
ARLINGTON, VA. 22202
SUITE 611
MITEL
TEL 703-243-1600
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O. Ward, there are only three
remaining U. S. manufacturers serving the market for germanium power
and small-signal devices. The others
are Lansdale Transistor & Electronics Inc., Phoenix, and Silicon Transistor Corp., Chelmsford, Mass.
Germanium Power Devices plans
to move the TI production line from
Dallas to its manufacturing plant in
Andover, where it builds a line of
germanium transistors traceable to
earlier acquisitions from the lines of
Bendix, Honeywell, General Electric, and others.
With a strategy aimed at taking
an increasingly larger share of a
continuously declining market— by
various estimates, it is now less than
$25 million domestically —GPD has
managed to keep revenues growing
yearly, says Ward. With the former
TI line in place, he expects germanium transistor sales of $4.5 million
this year and $5 million to $6 million
in 1980.
Continuing. The GPD official sees
a market for germanium transistors
and their high-frequency capabilities
continuing for the next 10 to 15
years because of various ongoing
military programs that have had
them designed in and other applications in computers. They are also
used with automotive batteries,
where, Ward says, germanium's lowloss voltage-saturation characteristics are important.
But Ward also concedes the need
to expand GPD'S germanium product
line. As the germanium transistor
market runs down, he promises, "our
next moye will be in the direction of
adding something like germanium
diodes."
-Wesley R. Iversen
Companies

Amoco invests in
Solarex Corp.
Petroleum multinationals, in their
search for new sources of energy, are
taking an ever stronger shine to
photovoltaic solar cells. Standard Oil
Co. of Indiana, better known as
Amoco among gas-line aficionados,

made that clear with its "$3 to $5
million" coup in early July that
bought it a20.6% interest in Solarex
Corp. of Rockville, Md. That closely
held, five-year-old company's estimated 1-megawatt annual output
generates $11 million in sales and
accounts for roughly half of U. S.
photovoltaic production.
Solarex says it will use the new
capital to build a plant using a "totally new manufacturing approach"
that will start yielding an annual
2.5 NiNv late next spring and could be
expanded to produce 5mvi annually.
Moreover, the company says it
expects to halve the cost per photovoltaic watt to from $5 to $7 by
using antireflective, semicrystalline
silicon sheets in aproduction process
that halves the number of steps
required. Solarex says it is not yet
ready to discuss the manufacturing
technology because of proprietary
considerations.
Third sale. Solarex shareholders,
of whom there are about 30, sold
20,000 shares to Amoco for $43.75
per share, with the difference
between that $875,000 investment
and the remainder of the money
accounted for by the sale of an
undisclosed amount of Solarex treasury stock. Solarex retains control,
however, since it holds amajority of
voting shares. The 20,000-share sale
is the third by Solarex this year,
similar minority interests having
been sold in March to France's
Moteurs Leroy-Somer, alarge maker of electric motors and water pump
machinery, and Holec NV of the
Netherlands.
While Amoco's entry into the
photovoltaics market is hardly the
first by an oil company, "it got a
good buy," says one energy securities analyst in Washington, who
notes that Solarex has the largest
share of any company in the evolving
photovoltaics market. Earlier moves
by oil companies have included
Atlantic Richfield's acquisition of
Arco Solar; Mobil's buy into Tyco
Laboratories; and Shell Oil's investment in Solar Energy Systems Corp.
Exxon also has its own extensive
photovoltaics effort.
Solarex president Joseph Lind-
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Add-on quality, Add-in quality with
OEM memory from Control Data.
Standard or modified
Unibus
Address selection via
DIP switches allows
selecting multiples of
4K blocks of memory

Uses two DEC Standard
HEX SPC slots

32K x 18 up to
128K x 18

Uses full spec
memory devices
t 94234 *DEC Add-in core,
1
1_
I
fully compatible
w/PDP-11 series

16K dynamic RAM
technology

94134

16K x 16 or
32K x16
Expandable to 64KB

Control Data offers acomplete line of semiconductor and core memory that's fully compatible
with today's processors. Enclosures, too. And
all are built with the same concern for quality that
goes into every product we manufacture.
You see, Control Data believes in improving
upon basic design when we make memory for
mini-computer processors. All chips in our
semiconductor memory are "full-goods:' So you
get all the quality and density you pay for. We use
IC sockets instead of hardwiring our chips, so
servicing is easier.
When your *PDP-11 needs more memory...
Add-in our 94234 Core Memory Module. It's
fully compatible, of course, but you also get the
inherent reliability and non-volatility of core
memory technology.
Our Add-on core is fully
compatible too, and fits
into your PDP-11/70
rack. It gives you up to
512 Kbytes in a10 /
2
1
94270 inch enclosure housing
two power supplies, one
back plane, one controller circuit board, two to
eight memory modules (in pairs), four interconnect
cables and four terminator circuit boards.
And when you need better semiconductor memory....
Our 94134 MOS RAM module is fully compatible
with your PDP-11/34 and uses either the standard
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DEC Add-in
MOS, fully compatible
w/PDP-11 series

94111 DEC Add-in MOS,
fully compatible w/LSI-11,
and PDF'-11/03

or the modified unibus connector. Maximum
configuration is 128K x18, but smaller densities
are also available. Refresh is automatic.
Our 94111 MOS RAM has block address selection
via switches for the standard configuration of 16K
or 32K x16. It is pin-to-pin, voltage, signal,
hardware and software compatible with *LSI-11
and PDP-11/03 systems.
Put quality behind your nameplate. Call us at
612/830-6018 or send us the coupon below
*DEC. LSI and PDP are registered trademarks of Digital Equipment Corporation.

Jack Middlestaedt, Product Sales Manager
E7/19
Control Data Corporation, Computer Memory Division
8001 East Bloomington Freeway. Bloomington, MN 55420
Please tell me more about memory for my
Name

Phone

Company

Title

processor.

Address
City

State

1;r

Zip

CONTML DATA
COR,PoW1ON

More than acomputer company
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Instant Access to All
American and
International

Data
Communications
Standards
Presents all 89 relevant
data communications
standards promulgated by:
•ANSI

•CCITT
•EIA

•ISO
•FISC

Pius... descriptions of each
of the standards groups
relational charts of
similar interfacing standards
produced by each group

1133 pages
Edited by
Harold C. Folts
and
Harry R. Karp

Order today using this coupon!
Return coupon to
Data Communications Standards
P.O. Box 669
Hightstown, New Jersey 08520

Check enclosed
Bill me
Bill my company
Company
purchase order I
,

SAVE MONEY! Enclose payment in full. plus
local sales tax, and McGraw-Hill pays all
regular shipping and handling charges.
Ten-day money-back guarantee still applies
Name
Title
Company
Address
State

Zip

This offer subject to acceptance by McGraw-Hill
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News briefs
Hitachi reports net profits jump 25%
Paced by computer and semiconductor activities, Hitachi Ltd.'s various
operating groups produced a 25% increase in net income to $462 million in
sales, rising 8% to $12.3 million in the fiscal year ending March 31, executive
vice president Masafumi Misu said last week. Speaking to the New York City
investment community, Misu said the Tokyo-based firm garnered a 19%
sales hike for computers to about $1 billion, with over 40% coming from
rentals. There were sizable increases in semiconductor sales; consumer
products also did well, notably air conditioners to fight Japan's sweltering
heat last summer. Hitachi expects its nuclear power generation business to
grow because by 1988 Japan should be 20% dependent on nuclear power,
as against 11% in 1978. Semiconductors will also be a major investment
target, with Hitachi's 64-K random-access memory due to go into mass
production early next year.
Demand for electronics execs slackens
One segment of the personnel crunch in the electronics industries is easing.
According to the latest Korn/Ferry Index—a quarterly survey of demand for
executives—hiring of top managers by electronics firms fell three points to
9% of total executive demand in the second quarter. In the second quarter of
last year, electronics companies accounted for 12% of the hiring. The
executive search firm was unable to explain the dip, but predicted that
demand in the industry would pick up again for the rest of the year.

mayer and his partner, Peter Varadi,
organized the company in 1973 after
leaving the staff of Communications
Satellite Corp. in the Washington
area, where they were involved in the
development of satellite solar power
systems.
-Ray Connolly

Employment

Send me
copy (copies) of DATA
COMMUNICATIONS STANDARDS
(099782-9) on a 10-day money-back
guarantee. I
understand that if Iam not
absolutely satisfied, Imay return the
book(s) within ten days at no further
obligation. Otherwise, McGraw-Hill will
bill me S165. for each copy, plus applicable sales tax, shipping and handling
charges.

City
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Dearth of technicians
pâguing companies
As if bustling electronics companies
do not have enough trouble finding
qualified engineers these days, they
also face another crucial personnel
shortage: technicians to run and
maintain their capacity-choked production lines. So they now recruit
the technician with almost as much
attention as they do the beginning
engineer, and they offer him almost
as large astarting salary [Electronics,
May 7, p. 90].
"A maintenance technician is
almost as valuable as a good engineer," comments Richard Schaublin,
employment manager for Advanced
Micro Devices Inc., Sunnyvale, Calif. He says he is "about 35 [techni-

cians] short right now, a higher
number than last year." And
Schaublin says that his larger Silicon Valley competitors are even
more shorthanded. "As everybody
expands, it's getting worse," he says.
If nothing is done, "it will be the
same in three to five years as it is
now with engineers," he predicts.
"There's a tremendous market,
especially on the West Coast, for
electronics technicians with two-year
degrees," confirms Jack Grout, corporate manager of employment and
college relations, Hewlett-Packard
Co., Palo Alto, Calif. This demand
has hiked salaries of beginning technicians to from $1,000 to $1500 a
month, not that much below beginning graduate electrical engineers,
recruiters say.
Nationwide recruiting. As aresult,
"recruitment has gone from local to
nationwide," states Roy Brant, vice
president of human relations for
National Semiconductor Corp. He
says that his Santa Clara, Calif.,
semiconductor company recruits
across the country by advertising the
area's fine weather and the career
opportunities .
in the highly concentrated center of technology where
National is located. Adds AMD'S

ELT
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Kiss complexity goodbye
with the first 100 mA, 3-terminal
adjustable voltage regulator.
Au revoir extra op amps. So long large VRs and
caps. Cheerio overweight parts bins. Farewell
fixed voltages.
Say hello to LM117L/217L/317L—the first lowcurrent, linear voltage regulator to use just two
resistors to set output voltage.

Economy in locality.

Because it's packaged in acompact TO-39 or
TO-92, the unit's ideal for use freely in spot
regulation throughout aboard. You don't bother
with large, expensive, single regulators that may
or may not keep every isolated subsystem on
track. No cross-talk, no loss through line
resistance.
Because it's adjustable, there's no need for op
amps, caps or stocking many fixed voltages to
attain adjustability.
Because it's positive, the IC obviates need for
ground referencing. Since you need only a
differential voltage to set up Vou t, the regulator
never sees more than the Vin-Vout value.
Operation in floating systems at high voltages
with respect to ground is easily attained.
And because it's simple, easy and economical,
you have voltage regulation exactly where you
want it.

Great specs, great designs.
Except for I
m a
x,
the LMII 7L /217L /31'7L
provides the same fine specs as the 1.5 A
LM317: adjustable output range from 1.2 V to
37 V; internal thermal shutdown and shortcircuit protection; ripple rejection almost
twice as good as the MC78L series and output
transistor safe-area compensation. They're
nearly blowout-proof.
Electronics/July 19, 1979

Line reg's 0.05%/V max for the '117L/217L and
0.07%/V for the '317L. Type numbers designate
military, industrial or commercial temp range.
100-Up price for the LM317L series is just 50e.

Part of awell-regulated team.
Popular Motorola 3-T Regulators
TYPE

100 mA

Pos Adj

500 mA

1500 mA

78M00

7800*/C/A*/AC*,
140/340t*

117L

Pos Fixed

78L00

Neg Fixed

79L00

117*

7900C

'New Introduction (3rd Qtr. 1979).
Mghter-specli 7800 version in TO-3

The LM117L series joins alarge and growing,
low-medium current team of positive, negative,
and adjustable three-terminal Motorola Linear
circuits for awide variety of design-simplifying,
cost-cutting applications.
Contact Motorola Semiconductor Products Inc.,
P.O. Box 20912, Phoenix, AZ 85036 for complete
data on them all. Or buss the reader number.
It's development of Motorola linear integrated
circuits like these that will continue to pave the
way to your

Innovative systems
through silicon.

MOTOROLA INC.
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The most complete
PCB design facilities
in North America

I

Reliable computer artwork with personalized support is the trademark of
each PCB design at Digital Graphics. Packaging densities of more than 2
equivalent IC's/SQ. IN. are possible using one of several techniques avail-;
able. Our facilities include Computer Assisted Design (CAD) and Design
Automation (DA) equipment. Call for an estimate. For afinal quotation
please supply your schematic, parts lists and mechanical drawing of your
board. We will provide •2layer or multilayer master artwork •drill graphics
solder mask* silk screen •N/C tapes •assembly and detail documentation
•prototype boards.
Toronto
(416) 495-9633

Montreal
(514) 683-3044

Ft Lauderdale
(305)485-9272

Buffalo
(716) 847-8835

Cleveland
(216) 835-0525

New England
(203)322-6126

'

n«"V•"
.

llimael Graphics
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The magazine
you're reading now
could be your own.
Drop off the routing list. Get your own fresh, unclipped copy mailed
to your home or office. Turn to the subscription card in the back of
the magazine. If somebody has beat you to it, write: Electronics,
P.O. Box 430, Hightstown, N.J. 08520.
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Schaublin: "They're usually fairly
junior people who are single or not
too family-oriented yet. They also
rent so they're not as bothered by the
high cost of housing as engineers
might be. Rents are still reasonable." AMD, which has hired a
former electronics school teacher to
start in-house training courses, covers moving expenses and 14 days
temporary housing costs for recruits.
No one knows for sure just how
large the shortage is. But an American Electronics Association survey
covering one third of California's
electronics industry gives an indication, predicting that the total shortage will quadruple to 40,000 jobs
this summer in 18 categories, including assembler trainees, technicians,
draftsmen, field service technicians,
and senior inspectors.
"Employers tell me they have a
difficult time finding people, and the
demand is across the board," says
Mike Guntrum, labor market analyst for the California employment
development department, San Jose.
He says he sees no letup: "Wherever
an industry is electronics-oriented
there'll be ashortage."
State aid. To combat the shortage,
the industry and the California state
government are taking steps to train
more technicians. For example, a
state senate bill would provide $5
million for special electronics jobtraining courses. Individual companies are working closely with educators in local community colleges to
put more courses into curricula so
the schools will graduate more twoyear students with electronics skills.
The activities include plant tours by
classes and guest lecturers from the
companies.
The American Electronics Association, which is coordinating the
programs, reports, for example, that
Orange Coast College (in SouthernCalifornia's Orange County) and
San Jose City College (Santa Clara
County in the San Francisco Bay
area) have scheduled courses for
assemblers and technicians, and
Mission College (Santa Clara County) plans to have an electronics
training center for 1200 to 1800
students.
-William F. Arnold
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We expanded our line
so you can tighten your specs.
We've just added four new Vos
relatives to our industry-standard
family of BIFET Op Amps. So now
you can tailor your applications in
the most cost-effective way
possible.

When it comes to Op Amps,
we're already the industry's "old
reliable:' With 14 years of leadership, industry standards and
Op Amp firsts.
Our second-generation BIFET
Op Amps combine the lowest
noise and lowest cost available.
And our wider selection cuts the
cost lower still.

Pick your size for
the perfect fit.

There's no longer any reason
to buy more specs than you need.
Or less. By buying the BIFET that's
closest to your requirements you
eliminate waste in performance
and cost.

Our BIFETs
really measure up.
MAX. RATINGS @ 25°C

en
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IB
pA

VOS
mV

1
0S

2

50

100

µAF77XA

5

50

100

µAF77XB

10

100

200

µAF77X

15

100

200

µAF77XL

pA

ORDER CODE

X = single amplifier
= 2dual amplifiers
= 4quad amplifiers

Our monolithic
BIFET operational
amplifiers come in
single p,AF771,
dual µAF772 and
quad µAF774.
In commercial and
military temperature
ranges. And in
plastic, cans and
ceramic packaging.
If you'd like to find out all the
ways to tighten your specs,
contact your Fairchild distributor or
representative today. Or use the
direct line at the bottom of this ad
to reach our Linear Division direct.
Fairchild Camera and Instrument
Corporation, Box 880A,
Mountain View, California 94042.
Telephone: (415) 962-4903.
TM: 910-379-6435.
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Call us on it.
(415)962-4903
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The TEAC

super Performers

TEAC has a complete line of cassette data recorders to answer all your data
acquisition needs. For field work there's the ever-popular R-61. Ruggedly built to stand up
under demanding conditions, it is fully portable and easy to handle. It provides four channels
of precision recording capability, two of which can be switched from the standard FM
recording mode to DR (direct recording) operation for use with high frequency data.
For precision lab work consider the full-feature R-81. Its seven channels and four speeds
provide you with a great deal of operation flexibility.
Choose either the R-61 or the R-81 and you can be sure of getting the performance and
reliability that TEAC is famous for.

TEAC.

TEAC CORPORATION: 3-7-3 Naka-cho, Musashino, Tokya, Japan Tel: (0422) 53-1111
U.S.A. B.J. Wolfe Enterprise Inc., 10760 Burbank Blvd., North Hoilyvvood, Calif. 91601 Tel (213) 877-5518
Canada R.H. Nichols
Dolomite Dr.. Downsview,
Ont. M3J2P8 Tel: (416) 661-3190 Hongkong Dan Chong Hong Ltd. Hang Seng Bank Bldg., 77 Des Voeux Road, Central Tel: 5-261111. 596 Australia & New Zealand
Jacoby Mitchell Ltd., P.O. Box 70, Kingsgrove N.S.W. 2208, Australia Tel: 6307400 South Africa Mayfair Sales (Ply) Ltd., Marshalltown 2107, Transvaal Tel: 011-834-2131
Belgium & Luxemburg Simac Electronics S.P.R.L, Triomfiaan 148 1160 Brussel Denmark Danbit, Plantagevej 23 DK-2680 Solrod, Strand Tel: (03) 141515 France Tekelec
Airtronic SA., Cite des Bruyeres, Rue Carle -Vernet 92, Sevres Tel: (027) 7536 Holland Si:mac Electronics B.V., Veenstraat 20, Veldhoven Tel: 040-533725 Italy A.E.S.S.E.
S.R.L. Corso Lodi, 47 20139 Milano Tel: 54.64.741-2-3 Switzerland Wenger Datentectrik, GUterstrasse 253 CH-4053 Basel Tel: 061-34 50 96 Spain Atajo Ingenieros S.A.,
Madrid-16. Enrique Larreta 12 Tel: (215) 3543 Sweden teleinstrument ab, Maltesholmsvagren 138, Box 490, 16204 Vallingby Tel: 08-380 370 United Kingdom International
Instruments Ltd.. 92 High Street, Berkhosted, Herts HF4 2BL Tel: 044275959 West Gennany & Austria nbn Electronik Starnberg, 813 Starnberg. Max-Emanuel-Str. 8, West
Germany Tel: (08151) 13036
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Washington newsletter

Air Force readies
C3 proposal requests
for Missile X

DOE names three
finalists for
Saudi project

June sales upturn
puts home products
ahead for half

Fujitsu to supply
200 TDMA modems
for SBS terminals
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The Air Force request for engineering development proposals for the
command, control, and communications system for its new intercontinental missile, dubbed MX (for Missile X), will be released next week, with
July 27 as the target date. The C3 system for the ICBM will be amajor
effort for the Air Force's Space and Missile Systems Organization. Nearly
20 companies have shown interest in the project. Selection of adevelopment contractor is expected to be announced in early 1980 after evaluation
of responses this fall.

Battelle Laboratories, General Electric Co., and Martin Marietta Corp.
have been named finalists in the Department of Energy's competition to
develop a350-kw photovoltaic power plant for avillage in Saudi Arabia.
The job is worth $15 million to $30 million. The timetable calls for
selection of awinner by the end of the month, although that date may slip.
The Solar Energy Research Institute in Golden, Colo., is managing the
program, which one Washington bureaucrat labels "our CTN project —
coals to Newcastle." To be built for the village of al-Jubaliah, some 50
kilometers west of the Saudi capital of Riyadh, the system will have atotal
capacity of 430 kw to compensate for dust and sandstorms in the region
that could limit photovoltaic efficiency.

Sales of color and monochrome TV receivers to dealers picked up in June,
as did sales of home video cassette recorders and auto radios, pushing
figures for the first half of 1979 for all four product categories above
1978 levels. The June unit increases for color TVs (8.4%), monochrome
sets (9.6%), VCRs (6.9%), and car radios (5.8%) more than offset the May
downturn in color TV and drops in VCRs for both April and May
[Electronics, June 21, p. 57]. First-half sales of color receivers were up
1.1% from the 1978 level, while monochrome sales advanced 6.5%,
according to the Electronic Industries Association. Sales of 180,000 VCRS
in the half were 26.6% higher than in 1978, and the 6.5 million car radios
sold represent a6.3% gain.

Japan's Fujitsu Ltd. has won aproduction contract from Satellite Business
Systems Inc. for the first 200 time-division multiple-access (TDmA) burst
modems for ground stations on customers' sites. The McLean, Va.,
satellite communications company, a jointly owned venture of Comsat,
IBM, and Aetna Casualty & Life, declines to disclose the value of the
Fujitsu contract, the second award this year to a Japanese supplier.
Deliveries will begin next April. Nippon Electric Co. previously got an
award for five rf terminals for use in sBs's 12-to-14-GHz tracking,
telemetry, and command net [Electronics, Jan. 18, p. 57]. Nippon Electric's terminals, each with two 7.6-m limited-motion antennas and a
12.5-m steerable antenna, are to be installed at acontrol station near SBS
headquarters. The network, to serve large U. S. organizations with digital
voice, data, facsimile, and video communications, is set to begin operations
in January 1981, after satellites are launched in the second half of 1980.
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U. S. metric conversion—kilometers still to go
system now planned to be 50% metric is the
proposed MX intercontinental missile that
should be in operational inventories in the 1990s
during the U. S. metric transition period.
Beyond these, DOD's metric coordinator,
Howard Ellsworth, cites specific regulations
adopting metric policy, the strongest of which is
Directive 4120.18: "All new defense systems are
to be metric unless it is not consistent with
operational, economical, technical and/or safety
requirements."
Getting support for conversion is tougher on
the civilian side of technology, where Federal
contract dollars are not involved and the agency,
unlike DOD, is not the buyer spelling out specifications. The Federal Aviation Administration is
finding that out as it surveys the civil aviation
community. The immediate issue is the International Civil Aviation Organization's plan to
make some units of communication metric on
Nov. 26, 1981. The U.S. has consistently
opposed the move to metric units in air operations and seems unwilling to change. Even ICAO
has backed off on converting the nautical mile
and knot to kilometers and kilometers per hour
and now uses a December 1985 date only for
planning purposes.
Even major newspapers like The Washington
Post, which sees itself as a progressive and
thoughtful journal, opposes U. S. adoption of
the metric system. "In a world where much
changes ineluctably and is unfamiliar, there's a
sound case for taking afirmly reactionary stand
on those happy occasions where the choice is
harmless," the springtime editorial argues.
NATO: amotivating force
Harmless? Esther Peterson, the outspoken
Such arguments have been around for years White House consumer affairs adviser, could
with little impact on an American public resistnot let such alightheaded plea for adual system
ing change. But the Department of Defense, for pass. "There is a time to be reactionary, but
one, is now pushing the issue strongly, moti- only when reason is allied with the facts," she
vated by secretary Harold Brown's determina- wrote back. "We cannot make such aclaim for
tion to achieve systems compatibility in the our complicated English system of measureNorth Atlantic Treaty Organization. As a ments. Even the English are abandoning it."
result, under secretary William Perry recently
After stating the monetary benefits of metric
sent a memorandum to all military research, conversion for export expansion and trade
development, and procurement agencies that balances, she came to what she called "the root
metric units will be used in all "technical of this issue." "It is afact that our generation is
reports, studies, and position papers forwarded called upon to adjust to many changes. How can
for my information or action."
we face the hard questions when we are not
The Pentagon already has 11 metric weapons willing to tackle those less complicated?"
programs, all but one of them oriented to joint
The hard answer is that we cannot without
use by NATO and U. S. forces. The three of first recognizing that survival in aglobal econothese in development that are going 100% my is at stake. As Lummus Co.'s Humbla puts
metric include the Hellfire helicopter-borne it, "learning and using metric is no big deal ...
battlefield missile, the Vehicle Rapid Fire and the sooner the transition period is put
System gun, and Sincgars —the single-channel behind us, the sooner we will see the positive
-Ray Connolly
ground/airborne vhf radio. The sole U. S. results."

Metric conversion is aphrase that has acertain
magic. It's asubject that can make most of an
audience disappear while putting the remainder
to sleep. Thus metrification's proponents are
learning to discuss it in more exciting contexts,
like money and multinational markets.
Multinational manufacturers and users of
electronics, for example, are at the forefront of
the accelerating metric conversion movement
for obvious reasons: manufacturers want to
lower their costs and expand their global
markets by replacing U. S. inches and pounds
with the meters and grams used by the rest of
the world. Multinational users of electronics,
too, want to be able to buy U. S. instruments
and other subsystems that will fit in racks and
bays of foreign systems with metric dimensions.
International Business Machines Corp. "is so
far along in its metric transition that the company has discontinued publication of its inch
manual," says the American National Metric
Council. That makes good economic sense.
The poor economic sense of lost sales is
reflected in the complaint of instrumentation
user Svante Humbla, the operations and metrification chief of Lummus Co., an Americanowned multinational designer and builder of
refineries and chemical and pharmaceutical
plants. The lack of U. S. products designed to
metric specifications, Humbla points out, causes
Lummus to buy abroad "even though equipment and commodities of the same quality could
have been acquired domestically at more favorable prices" had metric versions been available.
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New from Sprague!

WANT TO GIVE YOUR pP
AGREAT WAY TO TALK
TO THE OUTSIDE WORLD?

New Sprague Monolithic 4-Bit and 8-Bit
BiMOS Latch/Drivers Simplify Interface
between LSI and Peripheral Loads.

Sprague UCN-4401A and UCN-4801A Latch/Drivers
combine advantages of CMOS logic and highvoltage/high-current bipolar output buffers. They afford
a low power, wide supply range (5 V to 15 V) with the
excellent noise immunity of complementary MOS.
Bipolar Darlington outputs provide the characteristics
of industry-standard Sprague Series ULN-2000A and
ULN-2800A Darlington Arrays (50V & 500 mA per
output).
High input impedance (50 kn) of all inputs means
minimum loading of p,P I/O lines. All outputs have integral transient suppression for inductive loads.
These latch/drivers employ a copper-alloy, lead
frame DIP assembly for maximum allowable power.
The UCN-4401A (4-bit) is supplied in a 14-lead
0.300" wide DIP while the UCN-4801A (8-bit) is a 22-

lead 0.450" wide DIP. Outputs are pinned opposite inputs to simplify board layouts.

Typical applications include peripheral loads such
as relays, solenoids, d-c and stepper motors, LED,
and incandescent or electro-magnetic displays.
For application engineering assistance on these
or other interface circuits, standard or custom,
write or call George Tully or Paul Emerald,
Semiconductor Division, Sprague Electric Company,
115 Northeast Cutoff, Worcester, Mass. 01606.
Telephone 617/853-5000.
For Engineering Bulletin 26180 and a 'Quick
Guide to Interface Circuits', write to: Technical Literature Service, Sprague Electric Co., 35 Marshall
St., North Adams, Mass. 01247.
For the name of your nearest Sprague Semiconductor Distributor, write or call Roger Lemere,
Sprague Products Co., North Adams, Mass. 01247.
Telephone 413/664-4481.

FOR FAST INFORMATION, CALL YOUR NEAREST SPRAGUE SALES OFFICE:
ALABAMA. Sprague Electric Co.. 205/883-0520 •ARIZONA, Sprague Electric Co 602.279-5435 •CALIFORNIA, Sprague Electric Co.. 211649-2603. Sprague Electric Co .
714 .649-9913; Wm. J Purdy Co., 415.347-7701; •COLORADO, Wm. J Purdy Co .303 777-1411 •CONNECTICUT. Sprague Electric Co 203261-2551, Ray Perron 8Co
Inc .203268-9631 •01ST. OF COLUMBIA. Sprague Electric Co. (Govt sales only), 202-337-7820 •FLORIDA, Sprague Electric Co.. 305.831-3636 •ILUNOIS, Sprague
Electric Co ,
312 296-6620 •INDIANA. Sprague Electric Co .
317 .253-4247 •MASSACHUSETTS, Sprague Electric Co., 617 899-9100; Sprague Electric Co 413664-4411 •
MICHIGAN, Sprague Electric Co.. 517 787-3934 •MINNESOTA. HMR. Inc .612 831-7400 •MISSOURI, Sprague Electric Co .314 781-2420 •NEW HAMPSHIRE, Ray
Perron 8 Co .Inc 603.742-2321 •NEW JERSEY, Sprague Electric Co.. 201 696-8200; Sprague Electric Co .609 795-2299; Tnnkle Sales Inc.. 609 795-4200 •NEW
MEXICO, Wm J Purdy Co 505 266-7959 •NEW YORK. Sprague Electric Co.. 516549-4141, Wm Rutt. Inc 914 834-8555: Sprague Electric Co.. 315.437-7311.
Mar-Cues Associates, 315 437-2843 • NORTH CAROUNA, Electronic Marketing Associates, 919 722-5151 • OHIO. Sprague Electric Co.. 513 866-2170; Electronic
Salesmasters. Inc 800,362-2616 •PENNSYLVANIA, Sprague Electric Co.. 215 467-5252: Trinkle Sales Inc 215 922-2080 •TEXAS. Sprague Electric Co .214.235-1256.
VERMONT, Ray Perron 8 Co .Inc 617-762-8114 •VIRGINIA, Sprague Electric Co.. 703-463-9161 •WASHINGTON. Sprague Electric Co 206 ,632-7761 •CANADA,
Sprague Electric of Canada, Ltd 416 766-6123 or 613 238-2542
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"THE 8086 IS
AN ARCHITECTURAL
TRIUMPH!"

o

There's certainly been alot of talk about
the 8086. Trouble is, Inters been doing all
the talking.
They've told you everything you could ever
want to know about the 8086. Except the
most important thing.
The 8086 isn't the best 16-bit CPU.
The AmZ8000 is.
The AmZ8000 has amore advanced, more
powerful, much more flexible architecture
than the 8086. It has more addressing
modes, more general purpose registers, more
58

powerful instructions. It can even accommodate more data types. It has better I/O
capability, larger addressing spaces, and a
lot higher throughput using standard NMOS
than the 8086 using HMOS.
What about support? Glad you asked.
Our new System 8/8 was designed
especially for the AmZ8000. It beats Intel's
MDS hands down.
System 8/8 speaks four languages fluently
including PASCAL and COBOL. MDS
doesn't. System 8/8 has amulti-master bus
Electronics/July 19, 1979

"The AmZ8000
is better."

5-4 )(611

structure which allows it to interface with
both 8- and 16-bit processors. MDS doesn't.
System 8/8 has an arithmetic processor.
MDS doesn't. And System 8/8 has amuch
more powerful text editor than MDS.
One last thing: We know it hurts to drop
Intel for someone else. We've just been
through it ourselves. But it's going to hurt
alot more two years from now. By then
your competitors could be so far ahead of

you, you might never catch up.
Call Advanced Micro Devices and we'll
send you everything we've got on the
AmZ8000. Or come to one of our 4-day
seminars.
Once you've compared the AmZ8000
with the 8086, you'll know what we know.
The AmZ8000 is the best 16-bit CPU
there is.
And that's not just talk.

Advanced Micro Devices CI
Electronics/July 19, 1979
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Electronics Magazine announces ...
an invaluable, time-saving library of design facts and figures.
CIRCUITS
CIRCUITS
CIRCUITS
CIRCUITS
CIRCUITS
CIRCUITS

foR electRonics
engineeRs
engineeRs
engineeRs
engineeRs
engineeRs
engineeRs Electronics
engineeRs Book Series
engineeRs
engineeRs

design
tec ni.ues
foR electRonics
engineeRs

Electronics
Book Series

Circuits for
Electronics
Engineers

The most unique, useful, and innovative circuits published in
Electronics' highly respected "Designer's Casebook." All
organized by function, and complete with component values,
circuit diagrams, waveshapes where applicable, and clear
explanations of operations and applications.
346 circuits from all over the world—arranged by
51 of the most useful functions designers use to
implement their systems, including...
•Amplifiers •Analog to digital & digital to analog
converters •Counters •Detectors •Discriminators
•Display circuits •Function generators •Integrators
•Logic circuits •Memory circuits •Operational amplifier
circuits •Power supplies •Protection circuits •Switching
circuits •Temperature control •Timing circuits •Voltage
regulating circuits •and many more.
The end result is acomplete, practical, easy-to-use manual
for engineers and advanced technicians involved in research,
development, design, testing, or production of any kind of
electronics hardware.
No electronics engineer should be without these two
essential resources, guaranteed to make your
professional life easier.
Order today, and don't forget the other valuable
Electronics Magazine Books on the coupon below.
Electronics Magazine Books

Design
Techniques
for Electronics
Engineers

The best of Electronics' popular "Engineer's Notebook," this
is an indispensable storehouse of solutions to avast range
of frequently encountered design problems. You'll find ahost
of proven techniques to assist you at every point in the
development of an engineering project—when you're making
measurements... interpreting data... making calculations...
choosing materials.., controlling environment...laying out
and purchasing components, and interconnecting them
swiftly and accurately.
Here's just asampling of the useful information
you'll have at your fingertips...
•How to use soluble masks to
protect pc boards from solder.
•How to evaluate power dissipation in microcircuit design.
•How to hand-solder DIP
circuits to save testing dollars.
•How to compare the power of
C-MOS with TTL.
•How to really look at low-drift
IC op amps.
•How to accurately trim closed
resistor loops.
•How to drive LEDs directly
from C-MOS logic outputs.

•How to convert coordinates
and find SWRs graphically.
•How to compare coaxial-cable
shielding effectiveness.
•How to calculate resistance
for sum and difference
networks.
•How to use aprogrammable
calculator to analyze filter
designs.
•How to compute response of
RLC networks with ashort
program.
•and much, much more.

Solve design problems fast. Avoid tedious manual
calculations. Cut bench and development time. All when you
get the professional edge with this must-have sourcebook.
If after my 10-day free-trial examination Iam not fully satisfied Iunderstand
that my payment will be refunded.

P.O. Box 669, Hightstown, NJ 08520
(609) 448-1700, ext. 5494

El Payment enclosed

O

Bill firm

1

1:1 Bill me

Charge to my credit card:
No. of Copies

Title

Price

Microprocessors

$ 8.95

Applying Microprocessors

$ 9.95

Large Scale Integration

$ 9.95

Basics of Data Communications

$12.95

Circuits for Electronics Engineers

$15.95

Design Techniques for
Electronics Engineers

$15.95

Memory Design
to Mainframes

$12.95

. Microcomputers

Personal Computing:
Hardware and Software Basics

American Express

D Visa

Acct. No.

Date Exp.

•On Master Charge only, first numbers above name
Name

$11.95

Discounts of 40% on orders of 10 or more copies of each book.

Title

Company
Street
City
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(2 Diners Club
Master Charge

D

State

Zip

Signature
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Dave Paulson, »ME, Uof NI '60,
needs a systems engineer...
and a fourth for bridge.
Dave also occasionally needs atennis or golf
partner, awalleye-fishing companion, a
rhythm backup to his jazz piano, or maybe
just someone to use his tickets for the
Guthrie Theater or the Minnesota Orchestra.
If the people in those roles also arrive with
BS/MS in EE, ME, Physics, Computer Science,
Math, Hydrodynamics or Ocean Engineering,
that's gravy.
As the manager leading asystems
engineering group in Honeywell's Defense
Systems Division, Dave is looking for some
help. To people who want exciting challenges
at the leading edge of defense technology, he
can offer no better example than his own
career at Honeywell. After five years with an
aircraft company in Connecticut, Dave joined
Honeywell 13 years ago as adevelopment
engineer. Since then he has managed
spacecraft and advanced computer

development programs for Honeywell's
Avionics Division in Florida, and has led a
systems engineering program for trainers at
the Defense Electronics Division center in
California. In the past year he's been
delighted to find the best career action of all
exactly where he's always known the best
living is: right back home in Minnesota.
For prompt, confidential consideration,
call George Bills collect at 612-931-6713 or
send resume to:
Mr. George Bills, Engineering Manager,
MN 11-1020 (m), Honeywell Inc., Defense
Systems Division, 600 Second Street N.E.,
Hopkins, Minnesota 55343.

Honeywell
Equal opportunity Employer MIE

Circle 61 on reader service card

Introducing the world's
fastest dual mode prescaler.
It handles up to 1.25 GHz.
Now there's a1.25 GHz prescaler.
And it gives you achoice. The RCA
CA3179 can divide by 64 or 256.
Its high performance input characteristic permits interfacing directly
with low level signals. Sensitivity is
15 mV RMS (typical) at 900 MHz.
Yet power dissipation is only 325
mW (typical). So you get more
reliable operiition over awider

ambient temperature range (0° to
85°C). And only asingle 5volt
power supply is needed.
The CA3179 is sealed with RCA's
exclusive Gold CHIP process. Which
gives you agold metallized hermetic
chip in a14-lead plastic package.
Applications include: frequency
synthesizers, high frequency
dividers, and data communications.

L.
Divided by 64.

I.

I

Divided by 256. -

Or if other applications come to
mind, call George Granieri at
(201) 685-6420 and talk it over.
Price for 1,000 is $4.69. (We'll
give you the first sample free.)
For full data, contact your local
RCA Solid State Distributor.
Or contact RCA Solid State headquarters in Somerville, New Jersey.
Brussels, Belgium. Tokyo, Japan.

International newsletter
100% modulation
achi
eved internally
by He-Ne laser

Japanese firms form
association for software

Using aproprietary technology, engineers at Siemens AG have produced a
communications-type helium-neon laser tube that can be modulated to a
full 100%. Conventional lasers for communications applications check in
with amaximum modulation of about 15%, the Munich-based firm says.
Of note is the fact that the new device operates without an external
modulator. Instead, the output is modulated by a technique involving a
special resonator geometry and a specific gas pressure, but Siemens will
not yet reveal details. The absence of an external modulator results in
much smaller dimensions and greatly reduced costs compared with conventional communications lasers, says Thomas Barone, Siemens' marketing
manager for laser devices. Designated the LGR 7625, it will sell for about
$450, roughly $200 less than its conventional counterparts. Power output
of the device is 0.4 mw. The first application of the LGR 7625 will be in
new facsimile receivers made by Rudolph Hell GmbH, aSiemens affiliate.
Its 100% modulation makes possible reception of pictures "with aheretofore unattained quality," Barone says.

Ten of Japan's leading data-processing firms have established a basic
computer technology research association to manage ajoint governmentindustry effort to develop basic software and peripheral equipment for the

and peripheral effort

country's next generation of computers. The five-year project, approved
earlier this year [Electronics, Jan. 18, p. 63], is now expected to cost some
$259 million. Masato Nebashi has been named executive director of the
association. He holds the same position in the VLSI Technology Research
Association, which is now in the second quarter of its last year.

European VCR

European sales of video cassette recorders for 1979 should double over last
year's figure to 450,000 units worth about $540 million, according to the
latest European consumer electronics survey from Mackintosh Consultants

sales to double,
report says

Siemens prepares for
16 K
- memory demand
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Co. in Luton, England. The report predicts that portable recorders will be
an increasingly important factor as the switch to "electronic photography"
from Super-8 home movies gets under way. It also predicts a color
penetration of the TV market of 72% by 1982, up from 47% in 1978. The
1978 market for TVS was worth $5 billion for 9.9 million sets, with color
units accounting for from 74% in Sweden to 15% in Spain. Japanese
brands, including those manufactured in Europe, now hold some 10% of
the European television market.

Scrambling to meet the rising demand for 16-K memories, Siemens AG is
gearing up for large-volume production of several types of these devices.
One is adynamic random-access memory, the HYB 4116, of which the
Munich company has targeted an output of about half amillion this year
and more than 3million in 1980. Another is the SAB 8716, an electrically
programmable read-only memory with a 2-K-by-8-bit organization, a
maximum access time of 450 ns, and a power dissipation of 132 mw in
standby operation. The production goals for this device are 100,000 in
1979 and five times that the following year. Also in production is an 8-K
electrically erasable PROM, the SAB 2808 [Electronics, March 15, p. 67].
Production in large quantities will begin when sufficient orders come in.
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International newsletter
West German firm
•
eliminates we processes
to make hologram fast

European PTTs
move toward
viewdata standard

French minis
going to school

Addenda
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The Munich holographic equipment producer Rottenkolber GmbH has
gone to market with a holographic test system that gets around the
ordinarily used wet photo processes to produce ahologram in close to real
time. The key element in the system is aphoto-thermoplastic film material, from the chemical firm Kalle AG, that is electronically processed. The
interface of the laser object and reference beams discharges astatic load
pattern onto the film material. By raising the temperature of the film, a
phase grading is obtained that is identical to the load distribution. It takes
less than 3 seconds to produce a hologram with the new material and
display the test results on atelevision monitor (see also p. 72). The system
sells for about $16,000.

A European viewdata standard resolving the conflict between the British
Prestel and French Teletel systems could be close. A discussion document
defining such astandard has now been produced by aworking committee
of the European Conference of Post and Telecommunications Authorities
(GEPT) and is circulating within national committees and the Consultative
Committee on International Telephony and Telegraphy (GG1TT). It's
based on aproposal by the West German Bundespost that each country
keep its own character set and that international exchanges pass through
national interfaces that automatically translate one character set into
another [Electronics, Nov. 23, 1978, p. 70].

French high school students will find themselves sitting before new minicomputers when school opens in October. As part of its plan to install
10,000 computers in high schools over the next 10 years, the French
education ministry will be buying about 200 minis from Logabax Informatique SA, aParis minicomputer and peripherals house, and about another
200 from the Société Occitane d'Electronique (GE) in Toulouse, best
known for its video games. The Logabax LX 500 chosen handles two
minifloppy disks, has 32 kilobytes of random-access memory, and is built
around a Zilog Z80 microprocessor. GE's model X1 also handles two
minifloppy disks and has 32 kilobytes of RAM in the version selected; it is
built around Motorola's 6800 chip. Both sell for about $4,000.

The European Space Agency (EsA) has picked AEG-Telefunken to develop
and supply the complete communications system for the European
communications satellite (ECS). ECS, which will simultaneously handle up
to either 15,000 voice channels or 11,500 voice plus two television
channels, is scheduled to be operational in late 1981 and will be Europe's
first commercial communications satellite. Frankfurt-based Telefunken
will also participate in the design and production of the communications
system for the planned West German television satellite, Tv-Sat
D. ...France's mainframe computer company, cii—Honeywell Bull, is
linking up with asystems house in an effort to capture foreign markets.
The joint affiliate of CII-HB and Société d'Etudes des Systèmes d'Automation (sEsA) will be called CII-HB Système and will be based in
Paris. ...The Swedish postal and telecommunications authority has
contracted with the Data Systems division of Netherlands' NV Philips
Gloeilampenfabrieken to supply about $25 million worth of equipment for
Teletex, an electronic mail system [Electronics, Nov. 9, 1978, p. 69].
Electronics/July 19, 1979
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First, we'll tell you what
you want to know about us.
TI's Equipment Group
is involved in three
major product areas:
Electro-Optics;
Radar & Digital Systems;
Missile & Ordnance.
Each of these operations has its
own organization that holds total
responsibility for the design,
manufacturing and marketing of
its products. In addition, there are
many support functions cutting
across these business entities.

functional commonality from
system to system, resulting in
great cost reductions.
•TI's FLIR systems are used in
avariety of aircraft, surface
vehicles and ships for navigation, reconnaissance, target
acquisition, attack, and night
landing.
•TI is No. 1producer of Infrared Line Scanners (IRLS).
TI is aleading worldwide
supplier of IR line scan systems for reconnaissance/
surveillance roles in adozen
different countries.

TI is No. 1in supplying
airborne radars to the
U. S. Government.

TI is the No. 1developer/
producer of infrared and
laser systems.
TI consistently leads the field
in technologies involving optics,
infrared detectors, cryogenics,
lasers and systems using these
technologies.
Our engineers hold more than
200 patents in these fields. Our
capabilities cover the entire spectrum of electro-optics technology.
Our equipment for engineering
research, development, manufacturing and test is the most
modern in the world.
Some TI electro-optics
highlights:
•We conceived the first forwardlooking infrared system
(FLIR) in 1964.
•Our Common Module Concept
(in 1972) revolutionized the
FLIR market by establishing

We're currently developing
major international markets for
these products.
The U. S. Navy's ASW search
radars have been supplied by
Texas Instruments for more than
20 years. The S-2, P-3 and now the
S-3 have all carried TI radar
equipment. Other recent airborne
developments include the radars
for the U. S. Coast Guard Medium
Range Surveillance Aircraft and
the U. S. Navy's LAMPS Mark III
Helicopter.
Related highlights:
•Terrain following radar was
invented at TI. The F-111, A7,
RF-4 and the European
TORNADO rely on TI's terrain
following and attack radars
for successful execution of
their complex missions.
•TI's GPN-24, atransportable
airport surveillance and
operations center for the
USAF, is scheduled for initial
production deliveries to begin
this year.
•TI also is the leading producer
of Air Traffic Control Radars.
Our systems serve 400 airports
around the world.

TI has produced more than
60,000 items for U. S. Navy
and Air Force arsenals.
TI develops and produces complete missile systems. Our high
technology provides astrong base
for innovative solutions and improvements to existing systems.
We started in 1961 with Shrike,
the first operational antiradiation
missile. This system has been improved several times and is still
effective today. Now we are developing the high performance
successor to Shrike—the HARM
(High Velocity Antiradiation Missile) program. Our responsibility
includes its development, production and integration for multiservice use.
Other Defense Systems:
•The PAVE WAY laser guidance
kits produced by TI are used
throughout the free world for
their increased accuracy,
reliability and cost effectiveness they bring to conventional munitions.
•The HARPOON antiship
missile depends on aTI active
radar seeker for terminal
guidance.
•Advanced programs for the
next generation of missile
systems are being developed
at TI.

The Advanced Technology
Lab is assigned to the future.
The Advanced Technology Lab
in the Equipment Group is geared
to lead the vanguard of developing
technologies. The ATL's potential
is boundless. Its job is to look
ahead and prepare the Equipment
Group for the future of revolutionary yet fundamental products
that engineers can build upon for
years to come.
The ATL's efforts are divided
into five primary groups:
•Antenna Lab
•Microwave Lab
•Microelectronics & Circuit
Design Lab
•Manufacturing
•Signal Processing Lab
SI "
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TI Net Sales Billed
Growth and Goals

TI gives you technological
leverage.
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producer of these materials (clad
metals for auto trim, for example).
Then there's memory products.
TI is amajor manufacturer with
activity in MOS, TTL, CCD and
Magnetic Bubble Memories.
And distributed computing. TI
is the leading developer and supplier of the microprocessors and
microcomputers that have decentralized the computing and
processing functions.
The point is, all this diversity
means extraordinary breadth of
opportunity for you. (See the back
page for alist of TI activities that
fit your particular career field.)
And since these are growth
activities, we are positioned to
grow. TI at year's end 1978 is at
82 1
/ billion in annual sales. Our
2
goal is to be at $10 billion by the
late 1980s.
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TI is aworldwide organization into 10 times more
technologies than you
probably think.
Who's No. 1in semiconductors?
And No. 1in calculators?
You're right if you said TI. But
you're wrong if that sums up your
picture of TI technology.
There's oil exploration. TI is the
world's leading independent
geophysical contractor.
There's engineered materials.
TI is the world's foremost designer/

TI's leadership in solid-state
technology is an advantage that
translates hundreds of ways.
Three examples:
1. Our DABS air traffic control
system employs TI distributed
computing architecture.
2. Our Loran C receiver and
VHF marine radio-telephone for
fishing and pleasure boats use TI's
advanced microprocessor technology to provide greater capability at lower price.
3. Our new digital scan converter for tactical aircraft radar
systems looks tremendously
promising as areplacement for
existing analog systems. Reason:
the new converter employs TI
MOS RAM memories that will

substantially improve converter
reliability and operating ease
while reducing cost.

And there's no company
like TI for keeping you
involved and advancing.
Examples:
•Unusual career latitude. TI's
broad range of career fields
gives you internal mobility.
•You can move laterally as well
as upward without changing
companies. It can be the
fastest way to advance.
•Innovators are championed.
When anyone at TI needs
funding to prove out agood,
new idea the money's there. It
comes from one of our built-in
budgets for revolutionary programs. It doesn't have to be
squeezed out of operating
expenses.
•TI lets you show how good you
are. If you get an idea your
first week on the job, sound
off. You'll get listened to. If
you'd like to ask some questions of the top managers, ask.
You'll get answers.
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in the
United States
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Ed Haynes, Staffing Manager
P. 0. Box 226015, M.S. 222, Dept. CI
Dallas, Texas 75266

Now, you tell us
what we want to know about you.
Just complete this information form and mail it to TI today. (Fold it in thirds and staple
it so the postpaid, preaddressed side shows, and your resume will stay confidential.)
You won't be committed in any way. And you will hear from us soon.

TI is looking for MEs,
EEs and Systems
Engineers (with BS,
MS or PhD degrees)
for these important
activities. Check your
area of interest.

YOUR NAME
YOUR ADDRESS

Telephone

City/State/Zip

YOUR CHOICE OF POSITION
Technical area

Job title

YOUR CHOICE OF LOCATION (Circle TI city(s) preferred)
0 Antenna Design
O Microwave Development
O Logic Design
0 Signal Processing

Austin, TX

Dallas, TX

Sherman, TX

Ridgecrest, CA

Citizen of USA:

Yes

No_

Permanent Resident of USA:

Yes_

No_

0 Production Control
0 Manufacturing Engineering

YOUR EDUCATION

0 Engineering/Control
0 Computer Software
0 Assembly Methods

College or University

O Computer-aided Design
0 Computer-aided Testing

Date Completed

Location

0 Aerodynamics
0 Control Systems
0 Applied Mechanics

Degree(s)

0 Quality & Reliability Assurance
0 Manufacturing Information
Systems
0 Microprocessor Design
0 Digital/Analog Circuit Design

GPA

Date of Graduation

YOUR EMPLOYMENT HISTORY

0 Design
0 Tool Design
0 Thermal Analysis

Present employer

0 Radar Design
0 Optics Design—Thin Film
Coating
0 Environmental Design
0 Infrared Systems

From

To

Position

To

Position(s)

To

Position(s)

Description of duties

0 Thin/Thick Film Design
0 Fab Liaison/Methods
Engineering

Previous employer

0 Test Equipment Design
0 NC Programming

From

O Systems Analysis
0 Cryogenics-Heat Transfer

Description of duties

O Manufacturing Supervision
0 Printed Wiring Board
Engineering

Previous employer

0 Laser Development
0 Mechanical Design
O Automated Test Equipment

From

0 Minicomputer Applications
0 Space Telecommunications
0 Field Test Support

Description of duties

Don't buy an
Alphanumeric Printer
until you read his offer
I'm Daryl Barnaby, Sales Manager of United Systems.
We believe that performance speaks louder than words.
So rather than give you alot of talk, we'll give you a
printer for a30 day FREE TRIAL...
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... If it
doesn't do
everything
you require,
simply send it
back—without
obligation.
But we think
that after you've
used it, you will
agree that its price,
size and capability
can't be matched.
We bet you won't a
want to give it up.f
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Actual
71
/
2"
5%" Dx 2/
78"
Weight 3Y2 Lb.

Your DigiTec 6410 Printer will provide:

e
like your offer ....please send me
A6410 Printer for a30 day FREE TRIAL*
Check One:

21 Character

$395.00

Optional
32 Character

$434.00

•21 Characters/line standard or optional 32 Characters/line
•Selectable input RS-232C or 20 mA Current Loop
•Silent, Fade-free Electrosensitive Printing •64 Characters ASCII Format
•Selectable Data Rates of 110 or 300 Baud •Bold Face Characters for Special Emphasis
•Built-in Microprocessor •Data Buffer
Whether you're an end-user and need 1or 2printers, or an OEM with requirements
for hundreds, here's a"no-risk" ooportunity to evaluate the many advantages
of DigiTec printers.
$295.00 in OEM Ouantities/ $39500-1-9

Name
Company Name

Purchase Order #

Company Address
City
State
Zip
For inventory control purposes, please enclose your evaluation purchase order. If
you are not satisfied, return the printer within 30 days and you will not be invoiced.
'lSubject to credit approval

"Information Only circle 64"

Digirec

UnITED
SYSTEMS
CORPORATIOn
919 vVoodley Road Dayton Orno 45403
(5 13) 254-6251, TWX 1810) 459-1728

We offer 4families of printers witn 18 models to choose from with avariety of
interfaces, printing methods &packaging configurations. For afree brochure to
help you select the right printer for you, circle the number below.
"Demonstration Only circle 65"

We're
In 2114 RAMs
Depended upon more often than any
other, our low power, high speed SY2114 static
RAM is the Number One 2114 on the market
today. And there's good reason why.
Thanks to state-of-the-art technologies,
fully integrated in volume production,
our static RAM family delivers time and again.
N-channel Silidon-Gate MOS technology.
Projection printing. Polyresistor design. 4-inch
wafers. Positive photo resist. And more. At
the speeds you need-45Onsec, 30Onsec,
20Onsec. All fully static. With no clocks or triggers using valuable system time. That's what
we mean by technology in volume production.
It doesn't stop here. Because it won't be
long before our proven capability of high
technology-based volume production will
make its mark with the soon-to-come SY2147.
With the same kind of availability and service
we provide with our family of static RAMs.
Including the 2114LV series featuring low
power standby and the military M2114 series.
When it comes to static RAMs, think
Synertek. We're experts.
For specs, samples and complete information, contact your local Synertek distributor,
sales representative or Memory Product
Marketing, Synertek, Inc., 3001 Stender Way,
Santa Clara, California 95051. (408) 988-5611.
1WX: 910-338-0135.
Synertek sales offices: Eastern Region,
400 Humphrey St., Suite 2, Swampscott, MA 01907
(617) 595-1170; Central Region, 4615 W. Streetsboro
Rd., Suite 204, Richfield, OH 44286 (216) 659-4195;
Midwest Region, 2805 Butterfield Rd., Suite 150,
Oakbrook, IL 60621(312) 986-8989; Western and
Northwest Regions, 20863 Stevens Creek Blvd., Bldg.
B3, Suite C. Cupertino, CA 95014 (408) 255-3941;
Southwest Region, 1000 Quail St., Suite 290, Newport
Beach, CA 92660 (714) 752-5535; Europe,
Honeywell House, Charles Square, Bracknell, Berkshire
England, Rg 12 1Eb. Direct Dial: 011-44-344-24555.

Part Number
SY2114
SY2114L
SY2114LV
SY2142
SY2142L
SY2142LV
SY210 1A
.
SY21H01
SY2111A
SY21H11
SY2112A
SY21H12

Speed

Power

Organization

200-45Onsec
200-45Onsec
200-45Onsec
200-45Onsec
200-45Onsec
200-45Onsec
250-50Onsec
175-20Onsec
250-50Onsec
175-20Onsec
250-50Onsec
175-20Onsec

500mW
350mW
350mW
500mW
350mW
350mW
275mW
450mW
275mW
450mW
275mW
450mW

1024x4
1024x4
1024x4
1024x4
1024x4
1024x4
256x4
256x4
256x4
256x4
256x4
256x4

Package
18
18
18
20
20
20
22
22
18
18
16
16

pin
pin
pin
pin
pin
pin
pin
pin
pin
pin
pin
pin

Off-The-Shelf Delivery From
These Synertek Distributors:
Arrow Electronics
Summit Distributors
Kierulff Electronics
Lionex
Sterling Electronics
Hall-Mark
Zeus
Intermark Electronics
Century/Bell
Advent Electronics
Sheridan Sales
Quality Components
Technico
Taylor Electric
General Radio
Future Electronics
Alliance Electronics Emitter Electronics
Parrott Electronics
R-M Electronics
Western Microtechnology

SYNERTEK, INC.
Circle 66 on reader service card

3001 Stender Way, Santa Clara, California 95051
(408) 988-5600. TWX: 910-338-0135.
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Significant developments in technology and business

CRT slims down
for pocket and
projection TVs
by Kevin Smith, London bureau manager

Placing the electron gun
to the side of the screen
cuts thickness and
makes for abrighter image
After more than a decade of unrewarding research, the thin cathode-ray tube looks set to go into
volume production. It has finally
been perfected by a small British
company, Sinclair Radionics Ltd.,
which plans to use it first in apocket
Tv-radio with a 3-inch-diagonal
black-and-white screen [Electronics,
July 5, p. 67].
Clive M. Sinclair, founder and
director of the St. Ives, Huntingdon,
company is now completing ajointventure agreement with alarger firm
to establish a manufacturing plant
for the new tube. First sets should be
on the market within two years.
Sinclair also sees a big future for
its tube in projection TVs. The high
brightness attainable with the thin
CRTs makes them ideal for use in
such systems, and the firm foresees a
three-tube projection TV with a 50in.-diagonal full-color display. The
optics and electronics could fit into a
shoe-box—sized unit projecting onto
awall-mounted screen.
A single-tube full-color pocket TV
is also planned, but so far only a
black-and-white prototype has been
developed. "We have no plans to
compete with conventional CRT television," Sinclair cautions.
History. Attempts to develop a
practical flat CRT go back to the
1950s. The one practical system to
have emerged was devised by William Ross Aiken at Kaiser Electron-
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ics and Aircraft Corp. in the U. S.
and required a high-voltage switching system. (Elsewhere, RCA Laboratories in Princeton, N. J., is currently working on using a travelingwave structure to guide and extract
the electron beam.)
Tony Krause, who now heads
Sinclair's flat-screen development
group, began working on -the Aiken

tube in the late 1960s while chief
engineer at Twentieth Century Electronics Ltd. [Electronics, Jan. 20,
1969, p. 197]. After leaving the
company, he developed a simpler
version, but his latest thin CRT did
not emerge until he teamed with
Clive Sinclair to develop a tube for
Sinclair's pocket TV.
The end product has evolved

Thin. Sinclair Radionics places cathode-ray tube's electron gun to the side of and in parallel
with the phosphor screen (a). A transparent coating of tin oxide on the front plate forms
focusing electrode that guarantees acircular beam spot on the screen (b).
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significantly from the Aiken tube
and is startlingly simple. Measuring
some 6 by 2 by 3/4 inch, it is three
times brighter, requires between one
quarter and one tenth the power, and
is half the volume of a conventional
CRT with the same size screen,
according to Sinclair.
One-sided. It is assembled from
just two sheets of glass, a flat front
plate and avacuum-formed backing
plate (see figure). The phosphor
screen is coated on the interior of the
backing plate and is viewed through
the front face from the same side
that the electrons strike. As aresult,
the brightness is more than double
that of aconventional CRT with the
same beam energy.
The electron gun is set to one side
of the screen with its axis parallel to
the screen. Two sets of electrostatic
deflection plates in the gun assembly
provide horizontal and vertical scanning, and a third set between the
phosphor screen and front face bends
the electron beam toward the screen.
Without this additional focusing
field, the angle of beam incidence
would vary across the screen, spreading the beam spot into an ellipse.
The focusing electrode is formed on
the front face by a transparent tinoxide coating.
If uncorrected, folding the electron optics would distort the raster
scan to produce a keystone-shaped
frame, in which the vertical edges
are curved and the horizontal edges
form the sides of a trapezium.
Krause uses both electronic and
optical techniques to correct for this
distortion.
First, the screen height is reduced
by as much as a half but the width
kept constant. This narrows the
angle subtended by the electron
beam onto the screen, reducing both
the distortion and the deflection
power. The picture height is restored
optically by means of a Fresnel lens,
which can be inexpensively formed
in aflat plastic faceplate. The trapezium distortion is eliminated by
applying a correcting modulation to
the vertical plates.
The tube assembly lends itself to
low-cost mass production and has
significantly fewer components than
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a conventional CRT, Sinclair says.
Connections to the electron gun and
deflection assembly, for example, are
screen-printed onto the faceplate,
and the assembly is attached in a
single operation by aconductive frit.
This basic tube can be easily
modified for projection TV systems.
Both for cost and for optical reasons,
aprojection tube should ideally be as

small as possible yet must be driven
hard to achieve a bright projected
image. The cooling problems to prevent phosphor damage are severe in
a conventional tube, but since with
Sinclair's CRT the image is viewed
from the side of the phosphor that
the electrons strike, the other side of
the screen can be connected directly
to aheat sink.

Japan

Amorphous AsTeSe thin film promises
20,000 pages on an optical disk
Direct read-after-write laser recording of 500 megabytes of information
on asingle 12-inch optical disk is the
aim of researchers at Hitachi Ltd.'s
Central Research Laboratory. The
disk will be used to store files of
10,000 to 20,000 facsimile pages
initially and perhaps as many as
50,000 with further improvements.
The researchers are confident they
will soon achieve their goal. They are
already able to store 30,000 TV
frames having a bandwidth of 8
megahertz and a signal-to-noise ratio of 45 decibels.
Film. Key to the ability to record
high-quality frequency-modulated
TV signals on the disk is an arsenictellurium-selenium amorphous chalcogenide thin film deposited on a
polymethyl methacrylate (PmmA)
disk. The film allows clean holes
with minimal irregularities around
their periphery to be made with a
10-to-20-milliwatt laser. The
smoothness of the shape of the holes,
which store the information, makes
for ahigh signal-to-noise ratio. Storage of 20,000 pages would be possible by switching to digital coding
and using one of the redundancyreduction schemes now popular for
digital facsimile transmission.
In Hitachi's system, one of many
such being worked on around the
world, data is read out by asmaller
laser than the one used for writing.
Initial work has been done with
argon lasers operating at about
4,880 angstroms for writing, but
practical systems will most likely use

a semiconductor laser operating at
8,200 to 8,300 À. The lab has developed two suitable types—a buriedheterojunction laser and a channeled-substrate planar laser.
The disk has a track pitch of 1.8
micrometers. Laser power, beam diameter, and film material are
adjusted so that the laser would burn
round holes having a diameter of
about 0.8 or 0.9 Am in the film if the
disk were stationary. However, since
the disk rotates at 1,800 revolutions
per minute when recording TV
frames, the holes are elongated.
For digital recording of printed
data, different parameters give the
best performance. For one, the disk
speed is slowed to 240 rpm. Thus the
holes formed are approximately circular, because elongation at this
lower speed is insignificant. The
result is a gross data capacity of
1,000 megabytes, but about half that
must be used for an error-correcting
code to achieve the desired error rate
of less than 1in 10'°.
Stretched. The amorphous material used by Hitachi partially evaporates when hit by the laser beam, but
the evaporated material accounts for
perhaps only one fourth of the size of
the hole. Melted material is pulled
away by surface tension, thus forming a smooth edge, although with a
slightly elevated rim. Reflection
from the film is steady for the
desired low noise level.
An advantage of the three-component compound is that changes in
composition do not significantly
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Current sensing
resistors for
multi-range instruments.

Non-inductive precision
resistors for power
switching circuits.

Caddock's Type 1787
Current Shunt
Resistor Networks.

Caddock's Type MS
Power Film Resistors.

Absolute resistance tolerances of 0.25%,
0.1%, 0.05% and 0.02% make these 2-, 3and 4-decade current shunt resistor networks the ideal replacement for expensive, bulky discrete resistors.

Caddock's patented Non-Inductive
Design in power ratings from 2watts to
15 watts assures minimum voltage transients in all types of power switching
circuits.

16 standard models are now available.
The basic network design provides aseries
total resistance of 1000n ,100o ,10o and
in .Other standard models provide commonly used variations of this basic design.

Off-the-shelf precision
decade voltage dividers.

Caddock's Type 1776
Precision Decade
Resistor Voltage Dividers.
When used as a10 Megohm input voltage divider, the Type 1776 family can provide high accuracy voltage division in
ratios of 10:1, 100:1 and 10,000:1.
Type 1776 Precision Decade Resistor
Voltage Dividers are now available in 25
standard models with ratio TCs from
50 ppm/°C to 5ppm/°C. Caddock's laser
production techniques keep OEM quantity
prices low, too.

High stability Micronox' resistance
films operate to +275°C and years-long
load-life tests demonstrate extended-life
stability better than 0.05% per 1000 hours.

For Type 1776 data, circle Number 205.

For Type MS data, circle Number 203.

For Type 1787 data, circle Number 201.

CADDOCK Resistor Technology

solving problems across the boarezz
Resistor pairs and quads
with very low ratio TC.

100 Megohms in a
miniature package.

High stability resistors for
very-high voltage control
and measurement circuits.

Caddock's Type T912 and
T914 Precision Resistor
Networks.
Caddock's Type MG
High Voltage Resistors.
High voltage probes and control circuits
make wide use of Type MG resistors for
precision high voltage regulation and
high voltage measurements.

Ratio tolerances to ±0.01%, ratio TCs
of 2, 5or 10 ppm/°C and ratio stability
within ±0.01% at full load for 2000 hours
provide exceptional stability in precision
analog circuits.

Caddock's Type MK
Precision Film Resistors.
Precision values to 100 Megohms in a
miniature CK 06 case make the Type MK
ideal for low current designs.

Long-term stability — plus proven
reliability — have also made these precision resistors first choice in communications satellite voltage control circuits.

These non-inductive resistors find wide
application in high-impedance analog
circuitry.

For Type MG data, circle Number 202.

For Type MK data, circle Number 204.

Both pairs and quads have isolated
resistors of equal value. Standard resistance values are 5ko to 1Megohm and
custom variations with unequal values
are available.
For Type T912 and T914 data, circle
Number 206.

Caddock's latest General Catalog provides complete performance data and
specifications on over 100 models of these outstanding 'problem-solving' resistors.
For your copy, just write or call to Caddock Electronics, Inc.,
3127 Chicago Ave., Riverside, Calif. 92507 — Tel: (714) 683-5361

HIGH PERFORMANCE FILM RESISTORS
Electronics/July 19, 1979
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other the use of highly accurate,
fully integrated a-d converters, and
the third the application of complementary-mOs analog switches and of
operational amplifiers built with
bipolar and field-effect transistors.
Use of c-mos analog switches and
bi FET op amps enables the pot to
operate over a full 360 ° and put out
an uninterrupted sawtooth signal
quickly and accurately. This continuous output is obtained by using two
West Germany
wipers that are offset by about 45 °
and by switching the two wiper voltages in a sequence that ensures a
continuous output.
Switching. Because of the pot's
high speed, the switching process
°
must occur within 5microseconds or
2,880 °—the latter corresponding to so. The basic principles involved can
In today's world of microprocessors
eight revolutions—the device uses a be seen in the block diagram.
and other sophisticated solid-state
devices, electromechanical compopotentiometer whose life is five times
Assume that first the voltage at
longer than that of most other pots
wiper W I is picked off and fed
nents seem to be leading a shadowy
[Electronics, May 24, p. 224].
existence, with innovations few and
through switch S and amplifier A to
Also of note is the encoder's
far between and none too spectacuthe output. When wiper W2 reaches
microprocessor compatibility. The
the resistor tap of comparator CI,
lar. A closer look, though, shows
device's output, processed into an
this comparator, operating through a
that significant advances are still
being made. One example: a shaftuninterrupted sawtooth voltage, is
diode logic network, sets the switch
angle encoder design from Novofed to an analog-to-digital converter such that the voltage at wiper W2
to produce straight-binary signals
goes to the output. The difference
technik KG, a small West German
voltage between W Iand W2 is added
firm in Ostfildern, near Stuttgart.
for a microprocessor in the control
It is about to go to market with a system of, say, amachine tool.
to the W2 voltage. When wiper W2
Three. Essentially, three factors
relatively inexpensive digital absoreaches the tap of comparator C2,
are responsible for the encoder's
lute angle encoder whose novel
the switch goes back to the W I posidesign results in several noteworthy
high performance, says Ernst Gass,
tion (up). Thus an uninterrupted
Novotechnik's president. One is a output is obtained from the pot.
performance characteristics. Operating continuously over either 360 ° or
new potentiometer technology, anEmploying a fully integrated a-d
converter made it possible to convert
the pot's output voltage into adigital
output with an absolute accuracy of
COMPARATORS
as high as 14 bits. A reference voltDIODE LOGIC
age derived from the converter feeds
NETWORK
the potentiometer. By using a voltage ratio rather than an absolutevoltage value as the basis for voltage
pickoff and measurement, the effects
VIN
AMPLIFIER
of temperature-coefficient problems
are eliminated.
N
Dampened. To obtain high pot
0
S
performance, Novotechnik uses a
COMPLEMENTARY MOS
Vowfew strikingly simple design and
SWITCHES
(
TO ANALOG -1
construction techniques. The long
TO OIGITAL
CONVERTER )
life is achieved by partly covering
the pot's multifingered wiper with
silicone. That dampens the oscillations of the wiper so that it stays on
Full circle. Shaft-angle encoder from Novotechnik uses a high-performance potentiometer,
the resistive element and does not
complementary-MOS switches, and bi-FET operational amplifiers for complete 360° coverbounce up and down. Consequently,
age. Switching between the voltages of two wipers ensures acontinuous output.
pot reliability reaches about 50

change its melting point. This constancy permits a controlled change
in composition through the 400-À
depth of the film for optimization of
its characteristics.
Other groups have used thin films
of bismuth or tellurium, but these
materials tend to crystallize. What's
more, the scattering of light reflected from the film's surface makes
for high noise, and jagged, partially

recrystallized edges around the holes
also produce high noise.
As for the materials used by Hitachi, tellurium has good reflection
characteristics; arsenic suppresses
the tendency of the tellurium to crystallize; and selenium, tholigh it has
poor light absorption, making it hard
to record on, minimizes the effects of
air on the film and thus increases its
stability.
-Charles Cohen

C-MOS switches, bi-FET op amps

POTENTIOMETER

help shaft-angle encoder cover full 360

70

„v

Electronics/July 19, 1979

Our standard products
meet MIL specs
Why order "specials" and pay for "options" when you can get an Abbott
militarized power module virtually off-the-shelf for fewer dollars per watt?
Take our Model C's and W's, for example. They're hermetically sealed,
feature superior tracking accuracy for all rated conditions, and come in
package sizes as small as 21
4 "x 31
/
/
4 "x 31
/
4 ". (The units we put on
SKYLAB, except for some special components and testing,
were "standard".)
28 VDC to DC Power Modules (Model "C") — feature smaller volume,
lower weight, and higher performance. Low peak-to-peak ripple and
close regulation meet even the most demanding specs. The standard
Model "C" line converts 24-30 volts DC to any output between 5and
100 volts DC.
For Catalog Circle Card Number 100
400 Hz to DC Power Modules (Model "W") — feature close line and load
regulation, low output ripple, and are built to meet the EMI requirements
of MIL-STD-461. The Model "W" family provides output voltages from
5to 100 VDC with current levels from 0.3 to 20 amps. Why waste time and
money designing a "special" power supply?
For Catalog Circle Card Number 101
Dual Output Versions — both the C and the W series are available in
hermetically sealed, dual output models that feature 1°/0 tracking accuracy,
0.2% regulation, low peak to peak ripple, +100°C operation ... and we
offer CC's and WW's as standards, not "specials."
For Catalog Circle Card Number 102
See Power Supply Section 4000, and Transformer Section 5600, Vol. 2, of your EEM
catalog; or Power Supply Section 4500, and Transformer Section 0400, Vol. 2, of your
GOLD BOOK for complete information on Abbott products.

abbott

transistor

LABORATORIES,

INCORPORATED

General Offices
5200 W. Jefferson Blvd., Los Angeles 90016
(213) 936-8185 Telex: 69-1398

Eastern Office
1224 Anderson Ave., Fort Lee, N.J. 07024
(201) 224-6900 Telex: 13-5332
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million revolutions at a wiper speed
of 1,500 revolutions per minute.
Further contributing to reliability
is the use of a resistive element
whose conductive-plastic material is
comolded with a glass-filled duroplastic substrate. Besides enhancing
the life of the element, this technique
also makes it extremely smooth,
keeping pot nonlinearity to a low
0.025%. Because there is no bounce,
wiper speed and acceleration values
attain a maximum 6,000 rpm and
50,000 radians per second squared,
respectively.
-John Gosch

France

Crystal reads back
hologram instantly
No doubt holograms in coherent
optical systems would be used for
many more purposes if it were not
necessary to expose and develop
photographic plates to realize them.
Consequently, researchers at Thomson-CSF's Laboratoire Central de
Recherches (LcB) expect their new
method of making real-time holograms to be used one day for various
applications in the fields of nondestructive testing, optical computing,
and adaptive optics.
The method: an electro-optical

crystal registers and reconstructs a
coherent object wavefront [Electronics, July 5, p. 68 ].
"For real-time holography, we
looked for a material that could
register interference patterns and
afterward be erased without fatigue
at the same energy levels used for
photographic plates," explains JeanPierre Huignard, who heads the
group working in advanced optical
components and technologies at LCR
in Corbeville, southwest of Paris.
The search led to bismuth silicate
(usually called BSO), amaterial used
for acoustic surface-wave devices.
"Monocrystal BSO has the optical
quality needed," Huignard points
out, "and it has two other essential
characteristics—it is photoconductive and it has a linear electrooptical effect."
The company released some details on the technique in early July at
the Laser '79 Exhibition in Munich.
The optical setup it uses is conventional. Light from alaser is split into
two beams, with one of them reflecting off the object being "holographed" and the other acting as a
reference. The two beams are directed onto athin slab of BSO crystal and
form afringe pattern inside it.
Theory. The theory that explains
how the bright-and-dark pattern registers in the crystal is fairly complex.
Essentially, the hologram appears
RECONSTRUCTED IMAGE
POLARIZER

MIRROR

SEMITRANSPARENT
MIRROR

OBJECT
BEAM
.11••

BISMUTH-SILICATE
CRYSTAL (BSO)
HIGH-VOLTAGE
SUPPLY

REFERENCE BEAM
FROM ARGON LASER

Real timing. Using a bismuth-silicate crystal known as BSO, Thomson-CSF researchers can
produce a hologram in real time. Display is accomplished with the aid of a mirror placed
behind the crystal to reflect the emerging reference beam back through it.
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because, in the bright fringes, electrons released from donor centers
are driven by an external applied
voltage. The electrons are trapped at
sites where the crystal is less conductive—that is, where there is less incident light. These changes in the local
electric field lead to a space-charge
field that modulates the crystal's
refractive index because of its linear
electro-optical effect.
For the optimum effect, the field
is applied transversely; a typical
value is 6 kilovolts per centimeter.
The optimum slab thickness is
between 2 and 5 millimeters, and
slab faces have ranged in size from 1
by 1cm to 3by 3cm.
Timing. It takes about 25 milliseconds to read in ahologram, using an
argon laser at arecording energy of
between 100 and 300 microjoules
per square centimeter. That is about
the same energy needed to expose
the photographic plates first used for
holography, Huignard points out,
but well above the 10-4/cm 2 ratio
of the latest plates. The pattern
disappears after some 40 ms if the
crystal stays lit by the reference
beam only; the dark storage time is
about 20 hours.
To read out, the group uses a
mirror placed behind the BSO slab so
that it reflects the emerging reference beam back through the slab to
illuminate the hologram (see figure).
Since the reconstructed phase-conjugate hologram wavefront has a
polarization rotated 90° from the
incident object and reference beams,
a polarizer blocks out any noise in
the reflected beam. If the incident
object wavefront has passed through
aphase-disturbing medium, the distortion will be canceled out as the
phase-conjugate wavefront generated in the crystal travels back
through the medium.
Another possibility is to read out
by a storage camera tube two holograms of the same object taken in
rapid succession using a laser flash
about 30 ms long followed 15 ms
later by another of the same duration. The superimposed holograms
show dimensional changes in the
object with aresolution of about 0.5
micrometer.
-Arthur Erikson
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These men aren't planning
to create an epoxy shortage.

The oil industry
is already
allocating its
petrochemical
feedstocks.
Will you have the
epoxy you need
ayear from now?
A good time to

review suppliers.

Sundays' closed gas stations are by no means
the only casualties of the oil shortage.
Virtually every petroleum-based product is in
short supply...or will be.
Like epoxy.
In their response to clamoring world
nere
markets, the oil producers' allocationÍ`Y:V
programs already are impacting many
chemical feedstock suppliers.
Has your supplier of molding
compounds protected himself? Has he
assured himself—and you—of not just
continuing supplies, but increased
supplies necessary to meet the
continuing growth of the
semiconductor industry? It's a
good idea to check that out.
And check out Hysol. We're the
largest supplier of epoxy packagine
materials in the world. Together with
our parent company, we're the
world's largest buyer of the
materials necessary to produce
semiconductor-grade epoxies. Rest
assured, we've taken every
necessary precautinn to maintain
our unusual rate of production
growth.
Guaranteeing adequate
supplies of raw materials
despite the petroleum
crunch is one

example of the Company's commitment.
There are others.

Multiple
production
facilities.
Hysol has three separate
manufacturing plants in the United
States. Another in Munich. Still
another in Tokyo.
Besides enabling us to service
international customers quickly,
the five plants provide an
important production failsafe:
We're not dependent on any
one facility to maintain our delivery
commitments.
In addition, our multiple plant
design provides inherent capacity
benefits. Our facilities are able to
accommodate surges in production easily.

Growing as
\, fast as the
semiconductor
industry itself.
A look at Hysol's past
provides further evidence of
our commitment to the
semiconductor industry
In terms of dollars, Hysol's
growth rate has equalled
or exceeded that of the semiconductor industry In terms of
production volume, we're obliged
to maintain even faster growth
because the semiconductor industry
grows at agreater rate in unit volume than
in dollar volume.
The $400 million Dexter Corporation,
Hysol's parent company, has pledged its
resources to assure this growth.
Hysol is the largest compounder of electronic
and electrical grade epoxies in the world. We intend
to hold that position.

of the most demanding users.
The productivity attainable with our products is
greater than any competitive products on the market.
How do we know this?
We've set up our own miniature semiconductor
production facility for study. We even produce our own
test chips. We encapsulate them in various configurations
on our own production lines.
This capability accounts for part of our unusually
high expenditure for research and development. And it
explains our unusual level of understanding of our
customers' problems.
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Why bother?
Understanding the problems of our own production
is only half of our job.
We must understand our customers' problems...
and even the problems of our customers' customers.

Get to know Hysol.
Secured supplies of raw materials. Increased
capacities made possible by multiple plants.
Commitment to the semiconductor inclustry. Quality and
reliability standards unique in that industry, aimed at
boosting your productivity.
These are all excellent reasons to become acquainted
with Hysol Epoxies.
We'd like to tell you more. Why not give us acall at
(213) 968-6511. Ask for Ron Benham, Products Marketing
Manager, Semiconductor Molding Compounds.
Or write Hysol Division, The Dexter Corporation,
15051 East Don Julian Road, Industry, California 91749.
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Hysol's production of molding compounds has increased, in terms of dollars, even
faster than the semiconductor industry The yellow line indicates the industry's dollar
sales worldwide for the decade. The orange line shows Hysol's dollar sales growth rate
worldwide in molding compounds.
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We're better than we have to be.
Our quality and reliability exceed the requirements

HYSCIL

EPDXIES

IZDTHE DEXTER CORPORATION
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Now! 20M Hz
monolithic
10-9-8L8-bit
EVA converters
(And they're glitchlese

Only TRW offers you all these features

(an inch or more shorter than others)

in aDAC.

and requires only 500mW (vs. 2-5

Signal conversion is aguaranteed

watts for module types).

20 megasamples/sec. Best rate yet
for amonolithic 10-bit DAC.

The new DACs from TRW: they
leave no reason to delay going

*Glitches are barely measurable.

monolithic. Not even price: 10-bit

Less than 100 picovolt-second on

(TDC-1016J-10) is $98 in 100 lots;

average. Internal input registers erase

9-bit (TDC-1016J-9) is $51; 8-bit

the need for any resampling.

(TDC-1016J-8) is $38. They're in

Our DACs are compatible with
TTL and single-ended or differential
ECL. And handle avariety of inputs:
2's complement, inverted 2's, or binary.

stock at Hamilton /Avnet.
For immediate information,
call 213/535-1831 or send the
coupon.

A unique output clocking option
offers the ability to terminate the

TRW ILSI Products
An Electronic Components Division of TRW Inc.
P.O. Box 1125
Redondo Beach, CA 90278

output clock at any time. It can be
strobed with an independent clock.

Please send me data sheets on the
D/A converter series TDC-1016.1.

A 1V/75 ohm output directly drives
aload without an op amp or buffer.
For convenience, we included a

Name

Force High/Force Low control for
calibration. It gives you full scale or

Company

zero output without changing digital
input.

Div/ Dept

Mail Code

Physically, our monolithic/bipolar
Address

DACs in their 40-pin DIP demand less.
They take up only a11
4 -inch square
/

City

State

Zip

a.

TRW keeps you ahead in
digital signal processing

TRWLSI PRODUCTS
ANOTHER PRODUCT OF ACOMPANY CALLED TRW
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SGS-ATES.
Dimensions of
perfection in the universe of power

Ashining example.

J- .

Thick pins with copper core for low voltage drop even at 50 A.

Multiepitaxial collector enables extremely high reverse
secondary breakdown energy
to be withstood.

Multiple 15 mils wiring
rated up to 100 A.

-

bitbdenum supports and gold-ton die attach
•compensate for different exparl on coefficients
and give excellent resistance to thermal fatigue.

2N6032/33 NPN 120-150V/50A transistors
from SGS-ATES. Industry standard devices, plus:
SAFETY. The use of multiepitaxial planar technology gives
optimum resistance to reverse secondary breakdown (Es/13 min =62 rn.D.
DURABILITY. The molybdenum chip support allows the device
to pass athermal fatigue test of 20,000 cycles at Pd = 60W and
A Tc = 100 C.
STABILITY. The planar chip with surface passivation is immune
to contamination and gives excellent results in HTRB tests after
1000 hrs at Ti = 200 C and VCB = VCB0Safety, durability, stability; in one word RELIABILITY.
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Minute details matter

SGS-ATES Semiconductor Corporation 240 Bear Hill Rd. -Waltham, MA 02154 -Tel. (617) 8906688 •Telex 923495 WHA •ARMATEL LIMITED Toronto (CANADA)
Tel: (416) 630-8463 • BOYLE ASSOCIATES Reston, VA Tel:17031620-9558 •CH. NEWSON & ASSOCIATES, INC. Philadelphia, PA Tel:12151248-3377 -Towson, MD
Tel: (301) 296-2292 • DYNE-A-MARK CORP. Clearwater, FL Tel: (813)441-4702 -Ft. Lauderdale, FL Tel:13051771-6501 -Maitland, FL Tel: 13011831-2097 •ELCOM, INC.
Englewood, CO Tel: (303)770-4400 •Salt Lake City, UT Tel: (8011532-7940 • FIAT ENGINEERING Bellwood, II Tel:1312)547-6200 •GREINER ASSOCIATES, INC. Grosse Pointe Park,
MI Tel:13131499-0188 •HECHT. HENSCHEN & ASSOC. Phoenix, AZ Tel: (6021275-4411 • J-SOUARE MARKETING, INC. Westbury, NY Tel: 15161997-6210 • KAPLAN Carlsbad, CA
Tel: 1714) 438-4488 • KEBCO Maryland Heights, MO Tel: (314)576-4111 -Overland Park, KS Tel:19131749-4077 • KOTTEMEIER ASSOC. San Carlos, CA Tel: (4151592-8333•
KRW SALES Cleveland, OH Tel:12161741-4711 -Dayton, OH Tel: (513) 885-3330 -Oakmont, PA Tel:14121243-2284 •LATTRONICS MFG. REP. Indianapolis, IN Tel:13171846-5788 •
LOREN F. GREEN ASSOCIATES Minneapolis, MN Tel (612)781-1611 • MEXEL Mexico City, (MEXICO) Tel: (905) 575-7868 •R & RASSOCIATES Kent, WA Tel: 12061251-5396 Portland, on Tel: (503)292-4406 •REP. INC. Huntsville, AL Tel:12051881-9270 •Jefferson City, TN Tel:16151475-4105 -Raleigh, NC Tel:19191851-3007 -Tucker, GA
Tel: 14041938-4358 • RICAL ASSOC. Santa Ana, CA Tel (714)557-6543 .S.F. FOSTER CO., INC. Fayetteville, NY Tel: 13151637-5427 -Webster, NY Tel: (716)265-2072 •STONE
COMPONENT SALES Hartford, CT Tel:12031522-4555 -Waltham. MA Tel: (617)890-1440 •WEST & ASSOCIATES Austin, TX Tel:15121451-2456 Dallas, TX
Tel:12141661-9400 -Houston, TX Tel: (713) n7-4108.
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TEKTRONIX
thinks your logic analyzer
should be as versatile
as you are
So ours let you connect probes fast.

The Harmonica Connector:
fast, convenient probe
connection

Logic analyzer versatility can
often mean the difference between spending time on a

any number of test points,
without constantly attaching
ana re-attaching connectors.

problem...or on its solution.
With some logic analyzers,
for example, probe connec-

Use the Low Profile Dip Clip
for easy access to integrated
circuit pins. There's even a

tions can take up to 70% of
your time.
A variety of Tektronix probes
give you that time back. The
patented Harmonica Connector eliminates attaching individual connectors to each test

special probe for the GPIB.
The result is convenience and
efficiency that can encourage
you to use your logic analyzer
more frequentry—and make
you more productive.
Fast probe connections:
they help make our Logic
Analyzers versatile. So you

point. Our Quick Connect
Probe allows you to measure

can do today's job and tomorrow's. So you can
change applications without changing your logic
analyzer.
Contact Tektronix Inc., P.O. Box
500, Beaverton, OR 97077. In
Europe, Tektronix Ltd., P.O. Box
36, St. Peter Port, Guernsey,
Channel Islands.

Tëktronbc

COMWTTED TO EXCELLENCE

TEKTRONIX LOGIC ANALYZERS THE VERSATILE ONES
For Immediate action, dial our toll free
automatic answering service: 1-800-547-1512.

Probing the news
Analysis of technology and business developments

Word and data processing merge
Not just fancy typewriters, word-processing equipment
is getting more data-processing capabilities via software packages
by Gerald M. Walker. Managing Editor
The office automators are on the
move again. Having bedazzled the
secretarial world with an assortment
of sophisticated equipment to speed
the text editing of correspondence,
the word-processing companies are
now focusing on integrating managers into new systems that merge
data processing with the generation
of correspondence.
It adds up to another step toward
the so-called office of the future
envisioned for the past decade. But
while the trend of combining wordand data-processing capability in the
same equipment is proceeding, so is
the controversy as major equipment
vendors race to produce systems.
The competition has already increased, although industry observers
concede that IBM's Office Products
division, Franklin Lakes, N. J.; Xerox Corp.'s Office Products division,
Dallas, Texas; and Wang Laboratories Inc., Lowell, Mass., continue to
dominate the field. New in the

market are such data-processing
firms as Nixdorf Computer Corp. in
Burlington, Mass.; Compucorp in
Los Angeles; and Four Phase Systems Inc. in Cupertino. Even Digital Equipment Corp. in Maynard,
Mass., has been attracted by the
growing demand. Text-editing
equipment alone was estimated to be
worth $800 million in 1978, according to New York market research
firm Quantum Science Corp. By
1983 this product category, which
does not include duplicating equipment, will amount to $2.2 billion.
Automating managers. The reason
for this move is the desire to get the
high-priced end of the office into the
system—the managers. Though
most of the effort, so far led by IBM,
has been lavished on text editing, an
increasingly expensive part of producing paperwork, executives' time
is also valuable. However, the vendors are not yet certain how to tailor
programs for the boss. Thus the

competition will center around software rather than hardware.
Indeed, San Jose, Calif.—based
market research and consulting firm
Creative Strategies Inc. in a fiveyear forecast of this industry predicts that no major technological
innovations will radically change
office organization. Instead, the firm
sees increased importance for what
vendors are calling multifunction
terminals and an increased need to
integrate word-processing and photocomposition equipment. Whether
as stand-alone terminals or as part of
a distributed network, the hardware
will require communications ties.
The main difference is that the
manager, in order to be in the loop,
will likely need adesktop terminal.
Probably the strongest advocate of
Office of the present. Wang's Office Information System! 125 is part of the firm's allout effort to merge word and data processing. It holds up to 2,000 text pages.

cathode-ray-tube display terminal.
Users are able to program dataprocessing applications, as well as
the new merger is Wang Laborato- combined word and data processing,
using modified Basic.
ries, which has introduced machines
IBM, which has based its lead in
and software with a wide range of
word processing on magnetic-card
office applications, including elecelectronic typewriters, is also in on
tronic mail. "Office management
the latest trend with its 6670 Inforand data-processing management
mation Distributor. It combines
are not interested in typewriter
word- and data-processing applicareplacements," comments James C.
tions, text editing and processing,
Lawlor, manager of word-processing
and copying by laser printing. The
systems marketing for Wang. "They
6670 can print multiple sets of docuare interested in systems to help
ments at speeds up to 1,800 characmanagement across the board, and
ters per second. And it can link
that market is growing well."
terminals to data-base computers.
To carry out its campaign to lead
Skeptics. Though other wordthis market, Wang has developed a
processing companies appreciate the
line called Integrated Information
merger trend, some view Wang's allSystems that pulls together wordout campaign as overkill. "The quesprocessing, data-processing, teletion of how fast this merger takes
communications, graphics, and highplace is amatter of how simple it is,"
speed image-printing technologies.
remarks Donald Roth, a product
In this group is the VS/WP, which
manager for Xerox's Office Systems
uses the company's new virtual stordivision. "For users still at the textage computer and various wordediting level, using data-processing
processing peripherals. The merger
procedures is abig jump."
is apparent in that the computer can
Agreeing, Walter Blejwas Jr., vice
perform word- and data-processing
tasks with up to 4.6 billion bytes of president of engineering for Vydec
Inc., Florham Park, N. J., observes,
on-line storage. On the other hand,
"Producers have not really thought
the terminals have typewriter keythe thing through yet. It's going to
boards to emphasize ease of use.
take a learning process between the
Wang also has an ois/Basic office
vendor and the users to get systems
information system that permits conthat fit the needs. Definition of the
current operation of word processing
and Basic data processing from a problem is more important at this

Probing the news

The paperless office: it works
Though everyone likes to talk about the office of the future, Micronet Inc., a
management consulting firm in Washington, D. C., did something about it.
Using hardware and programs provided by 17 sponsors, Micronet has
redesigned its paper-handling procedures to virtually eliminate the paper.
The objective was to improve office productivity by using today's technology. All information entering the company is captured in the mailroom either
on microfilm, if it is lengthy, or in computer memory, if it is shorter. Users
retrieve the information from an automated microfilm system or directly from
computer terminals. Outgoing correspondence leaves on paper, but
"copies" are maintained on microfilm. All dictation is done on an automated
system that is also capable of monitoring its use so that information is not
inadvertently lost.
Does it work? Reports Larry Stockett, president of Micronet, "Benefits
come at different points in the office automation cycle. If Ican improve my
efficiency by 5%, it can increase the bottom line by 30%. And that pays for
the system."
Micronet does not sell any of the hardware, but is promoting the paperless
concept. A key factor in its office is that all types of equipment are involved,
including a minicomputer-based central processing system and a timeshared computer service. The company uses 16 different types of microfilm
readers, for instance, depending on how and where the user wants to display
the information.
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stage than hardware design."
Vydec's two new machines, underscoring ease of software loading and
communications via a fiber-optic
link, point the way. Also leaning on
software to make the transition from
word processing to multifunctions is
NBI Inc., a fast-growing firm in
Boulder, Colo. Still rooted in wordprocessing-like functions, the NBI
programs include an equation mode
for scientific and technical documentation, a statistical mode for accounting, and a communications
mode using an asynchronous protocol for information receipt and
transmittal of up to 9,600 bits per
second.
Leery of going overboard in data
processing, NBI vice president for
business development David Klein
points out, "Data and word procession are mismatched. One operates
on batches, the other on real-time
information. Input speed and file
size don't compare, either. But wordprocessing users have some dataprocessing needs that can be done on
asoftware-based machine."
Also making acautious move into
the merger is Lexitron Corp., Chatsworth, Calif., a Raytheon Co. subsidiary. Pointing to a joint venture
with the parent company using a
minicomputer-based distributed network for word-processing chores,
Joseph E. Eichberger, planning vice
president for Lexitron, says that the
first step in finding out what the user
needs is to break down the barriers
between departments. "With the
Raytext system we will attempt to
cut across the two users. They have
different demands but need crosscoupling."
The need for merged systems has
existed for some time, but because of
the internal organization of companies, no one has pushed it, according
to Gerald Baugh, marketing administrator for Lanier Business Products
Inc., Atlanta. Although Lanier has
only recently made a concerted bid
to get into the text-editing side of
office automation after surging
ahead in dictation equipment, the
firm is now planning an effort in
multifunction hardware. Baugh expects that new technologies, such as
voice synthesis and voice recognition,
will play a part in the next generation of equipment.
El
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Expanding the parameters
of press-fit technology

Bellows contact now available in
economical press-fit backpanels.
Through adramatic new production
technique we call PULL-FIT", the
familiar bellows-type contact pin is
now available in press-fit. You get all
the benefits of the bellows spring design — but with the advantages of
press-fit ... such as up to eight planes
of circuitry without external wiring.
The true spring action of the bellows contact gives you much lower
insertion force requirements — but
equal retention. That means less
gold wear on the contact.
As with all press-fit contacts, the bellows contact is removeable and replaceable on the board. However, with the bellows press-fit contact, the insulator housing need not be removed.
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The bellows press-fit contact can be
selectively plated to get the gold
exactly where it's needed — and
nowhere else. Offers lower cost for
greater value.
Make your own backpanels. We'll
help you do it.
If your volume of usage justifies it,
we'll set up aprogram to furnish
you the equipment and supplies to
produce your own bellows contact
backpanels. We opened the door to
industry application of press-fit,
and we're making it more usable
all the time. Write or call for additional information.

ELFAB

The Leader in Press-fit Technology

P. 0. Box 34555 •Dallas, Texas 75234 •214-233-3033
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Love at First Byte
A versatile 128K by 22 semiconductor memory
on asingle card... multi-card systems, too.
Not Ruggedized, but Rugged

More Words or Less Words

Our hard nosed EMM/SESCO inspector has fallen in love
with the new Model 3500 NMOS semiconductor memory...
and so will you.
Although designed and priced for the commercial user, the
3500 is built with the same exacting care that has made
EMM/SESCO's ruggedized memories so popular. It's fast, too.
with 300ns access and 400ns cycle time. Even faster in the
page mode.

The 11.75" x 15.4" card can be configured with 128K words
of up to 22 bits or 256K words of up to 11 bits. It can be
depopulated down to 32K if that fits your immediate needs.

Options Abound
Many options are available to make your task easier.
These include ECO (single and multiple bit error correction),
word or byte parity generation and checking, page mode, byte
mode, error stop, LED failure isolation and display, and
battery backup.

ERN SESCO

A Subsidiary of Electronic Memories & Magnetics Corporation
20630 Plummer Street •P.O. Box 668 •Chatsworth California 91311
Telephone: (213) 998-9090 •Telex: 69-1404
Circle
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512K Word System
A 51/
4 "high rack holds up to 4 memory cards, providing
capacities to 512K x 22 bits, plus custom interface,
self-test, cooling fans, and power supply.

Plenty of Memories
There are plenty of memories in store for you at
EMM/SESCO. Such as anon-volatile Megabyte core
memory system. A complete line of ruggedized memories for military
and industrial use. Even
a ruggedized version of
Intel's popular iSBC*
80/10A microcomputer.

So when you're looking for
memories... Buy
SESCO... they work!

•Trademark of Intel Corporatfon
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Peripheral chips

Chip makers ride CRT controller wave
Rush to fill sockets with LSI starts as forecasts indicate market
will double to 2 million units ayear by 1981
by William F Arnold, San Francisco regional bureau manager

A worldwide expansion in demand
for cathode-ray-tube terminals,
sparked by the growing number of
data- and word-processing systems,
is creating another bonanza for
semiconductor manufacturers. The
reason is that CRI terminal makers
are turning to large-scale integration
for the control functions so that
fewer components will lower manufacturing costs and hike the number
of features easily put into products.
Helping this trend is the need of
terminal makers to differentiate
their products from those of the
competition in an international market that will grow from 750,000
units last year to 1.2 million this
year, 1.6 million in 1980, and more
than 2 million in 1981. Obviously,
using LSI saves a lot of component
costs in a marketplace where, for
example, a low-end terminal can
have 50 or more small- and
medium-scale integrated parts and
less than half that made with LSI.
Also fueling the fever are emerging markets in replacements for teletypewriters, ticker tape, and almost
any device in which paper is now
used, according to Jamey. Ferrell
III, strategic product marketer at
Motorola Semiconductor Group.
"Any type of communication can be
done with a CRI," he says. "It's
much faster and saves paper."
Newcomers. This kind of action
attracts competitors for the early
leaders in CRT controller chips, Intel
Corp., Motorola Inc., National
Semiconductor Corp., and Standard
Microsystems Corp. For example,
Synertek Inc. and American Microsystems Inc. are joining Hitachi Ltd.
as an alternative source for Motorola's n-channel mos MC6845 CRI
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controller. In a somewhat novel
twist, Rockwell International Corp.'s
Microelectronic Device division will
second-source Synertek's version of
the Motorola part. Texas Instruments Inc. already second-sources
smc's 5027 device, and Signetics
Corp. plans a proprietary n-mos
2672 programmable video-timing
controller chip later this year.
Also aiding interest in CRT controllers is that they help support a
company's microcomputer line. That
is underlined by Advanced Micro
Devices Inc.'s intention to have an
AmZ8052 controller chip for the
16-bit Z8000 in early 1981.

But satisfying the market is not
easy. For one thing, "there's no one
way to build a CRT terminal,"
observes Alan Goldberger, Signetics'
manager of mos microprocessor
applications. That is a point with
which Donald Phillips, marketing
manager of peripheral products for
Intel's Microcomputer Components
division, agrees. They mean that,
because each terminal manufacturer
tends to have its own circuit design
and specifications, it is hard to equip
a chip with everything everyone
wants. Conversely, sometimes the
semiconductor technology determines functions. For instance, AMI

In control. This 6545 CRT controller chip from Synertek allows much easier transparent
addressing of the refresh RAM. It is compatible with the 6500 and 6800 microprocessors.
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omits a dot generator from its
upcoming 68045 because "you can't
do it in n-mos," according to Mitch
Gooze, marketing and applications
engineering manager.
Moreover, the market, supplied by
several major terminal makers and
numerous smaller ones, is composed
of three basic types of products—
although the lines separating them
are admittedly fuzzy. The low end
are dumb terminals: teletypewriters
with no internal intelligence and
limited control features. Smart terminals have some intelligence,
maybe for internally editing, storing,
and rearranging data and for some
control over the display and cursor.
The high-end — intelligent — terminals are almost small computers with
floppy-disk peripherals, internally
programmable functions, and such
display features as scrolling, full
cursor control, and upper- and
lower-case characters.
Thus, as CRT terminals become
more intelligent, the user is apt to
find more combinations of such
features as programmable screen
formats, split screen, page or scroll
operation, interlacing, and capabilities for light pen, forms, and
graphics, plus a variety of visual
attributes, including blinking, underlining, and reverse video.
Money talks. For terminal makers, LSI is about 20% of the total
material cost, a significant but not
overwhelming proportion. That
makes "cost No. 1 in buying LSI,"
according to George M. McFadden,
vice president of engineering for
Lear Siegler Inc.'s Datà Products
division in Anaheim, Calif. His definition of an intelligent terminal is
simple: "The customer can program
it himself." Lear Siegler does not
have an intelligent terminal yet but
is looking hard at it, McFadden says.
In designing CRTs, Lear Siegler
holds that "the communications line
always has the highest priority,
handling the incoming data." So in
looking at prospective chips, its
designers focus on data-interrupt
handling and select chips that perform best. They sketch out the architecture around this feature and
"then go out for bids." Lear Siegler
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Is Superchip the answer?
Some terminal makers wonder whether what they call asuper chip might be
the answer to the increasing sophistication of cathode-ray-tube controllers.
The technology exists to build it, observes Brian Cayton, applications
manager at Standard Microsystems Corp. in Hauppauge, N. Y., but it is not
yet economical to produce it. And John F. Jacobs, director of systems
hardware development at neighboring Applied Digital Data Systems Inc.,
comments that "the problem with one big chip is that eventually you become
pin-limited in the number of functions you can get in and out simultaneously," which would have to be solved by multiplexing input/output lines. But
given the trend toward increasing integration, Motorola Semiconductor's
James J. Ferrell Ill, strategic product marketer, and Texas Instruments Inc.'s
James Huffhines, MOS microcomputer marketing manager, foresee one chip
with controller and microprocessor on board.
Does that mean the end of the dumb terminal? Lear Siegler Inc.'s George
M. McFadden, vice president of engineering, thinks not, because many users
simply do not require computing power in their products, and Intel Corp.'s
Donald Phillips, amarketing manager, agrees. But the prospect of magneticbubble memories raises questions for McFadden. "What's going to happen
to the price of bubble memory? And if it does come down, what do we do
with it?" he asks. He thinks it may usher in another era of CRTs.

is constantly looking a
et offerings
from Motorola, Zilog, and Mostek,
among others, and "assumes all their
parts will do the job." But there are
always tradeoffs to be considered,
since there is no ideal chik set now
and none coming, McFadden says.
At Digital Equipment Corp. in
Maynard, Mass., Edward R. Lazar
Jr. points to the VT-100 series of
terminals. Lazar, corporate product
manager for video terminals and
small systems, says, "The VT-100
shows the trends toward intelligence
and the use of custom LSI chips. In
the VT-100, LSI has allowed a5-to-1
reduction in chip count."
Typical of the upward progression
of terminals is Data General Corp.'s
new Dasher D-111. Says Martin L.
Cooper, product manager for character peripherals at the Westboro,
Mass., firm, "The D-111 uses an LSI
approach to keyboard encoding that
allows us to get international character sets just by changing one chip
and the appropriate keypads."
With this much spread of functions and designs, how do chip
makers approach design? "We see it
as a low-end problem," declares
Charles Carinelli, design section
leader in interface circuit development at National's facility in Santa
Clara, Calif. The firm took an
unusual tack by designing maskprogrammable—read-only-memory
controllers with a bipolar technology, combining integrated injection

logic, Schottky TTL, and standard
linear circuitry on one chip.
Also going the mask-programmable route is AMI, whose Mitch
Gooze claims its 68045 will be "the
first and only mos mask-programmable CRT controller." In secondsourcing Motorola, AMI feels it is
backing avery good part but believes
it may have a price advantage by
leaving the light-pen registers off the
chip. That more than halves the die
size, even with conservative 5-micrometer geometries, and drops the
price to well below $10, Gooze says.
Some extras. Synertek takes another approach to second-sourcing
Motorola's part by coming out with
aplug-compatible controller that has
extra features, according to Gary J.
Summers, formerly director of the
Microprocessor Group and now vice
president of engineering with Commodore Business Machines Inc. in
Palo Alto, Calif. Directly compatible
with Motorola's device, Synertek's
6545 does not need memory contention circuits; it has an internal status
register so that the central processor
can check on the CRT controller's
status; and refresh memory address
can be either binary or row and
column.
Motorola and Texas Instruments,
which second-sources smc's 5027,
take a more elaborate approach by
incorporating various on-chip registers users can program with characters, line width, and so on.
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Patented Statek
quartz crystal
less than 1
/
4"long ...
provides unique
tuning fork
drive

Is this the Ultimate
Low-Frequency
Oscillator?
Introducing the world's smallest, toughest, most
accurate low-frequency quartz crystal oscillator.
Now available at modest prices IN ANY CUSTOM
FREQUENCY from 350 kHz all the way down to
10kHz in a tiny TO-5 can.
If you need compact, low-frequency
oscillators, our new SQ oscillators
can save you money and headaches
—no matter whether you need
5,000,000 pieces or just 50. They
offer all the superb performance
features associated with quartz
crystal drive such as extreme accuracy, high temperature stability,
low aging and very low power consumption. In addition, they offer
Statek's patented quartz tuning
fork which allows greater miniaturization, lower power drain and much
higher shock resistance compared
to any other low-frequency crystal
on the market.
LONG LIFE
The typical no-load current drain
of the SQ oscillator is only 500 uA,
meaning extremely long life when
powered by battery. Calibration
accuracy is ±O.01% and remains
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within specification for enormous
periods of time because of the
microscopic aging properties of
quartz.
REMARKABLE FOR $10
It is built to withstand a shock of
1000g (half sine wave) for one millisecond—the equivalent of a hammer blow. That's why the world's
largest manufacturer of police
radios uses our SQ oscillator for
hand-held radios that take a tough
beating every day. The temperature
capability of the SO oscillator is also
exceptional. Thousands have been
used at extremely high temperatures in torturous down-hole, oil-well
logging operations. These are remarkable features for a $10 (1000piece price) oscillator tuned to your
custom frequency anywhere in the
range 10 to 350kHz.

THE SECRET
How did we get such a lot of capability into such a tiny space—at
such tiny prices? The secret is
a unique quartz crystal design
in the shape of a tuning fork plus
patented production processes
and nine years' experience in producing 20 million crystals. We
manufacture crystals in the millions
by semi-conductor manufacturing
techniques and tune them to your
special frequency with automatic
high-speed laser systems that burn
off deposited gold until each unit
resonates at the correct natural
frequency.

PRICES: SQ SERIES
Prices are for custom frequencies.
Minimum order is five pieces.
5-24
25-49
50-99
100-249
250-499
500-999
1,000

$49.00
38.00
28.00
21.50
15.50
12.50
10.00

Stock frequencies of 10.0, 12.8,
15.36, 16.0, 16.384, 19.2, 32.768
& 100.0 kHz available at even better
prices.
NOTE: Extremely low custom frequencies—as low as 1Hz per day—
are also available in adivided output
version of the SQ oscillator known
as the DO series.
Call Mal Kaufman now
at (714)639-7810 to discuss your
application
_.......011111111

Innovators in

STATHIC Frequency
Control

Statek Corporation, 512 N. Main, Orange
California 92668, phone (714) 639-7810
TELEX: 67-8394
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Electronics abroad

Tories changing rules of the game
Britain's electronics industries could be deeply affected
by Thatcher government's determination to cut state's role
by Kevin Smith, London bureau manager
When Mrs. Margaret Thatcher,
Great Britain's first woman prime
minister, moved into No. 10 Downing Street, it marked the beginning
of an economic experiment that
could determine the relative roles of
the state and free enterprise in the
promotion of thriving, technology.
based industries in her nation. Electronics would be especially affected.
For Mrs. Thatcher's plan is to arrest
Britain's long-term decline by disengaging state and private sectors,
whose alliance she says has stifled
enterprise.
Some results of her Government's
resolution are:
• Immediate cuts in personal and
corporate taxes, with more cuts
promised.
• More government purchasing to
encourage innovation.
Holding the purse strings. Sir Geoffrey
Howe offers aprivate-enterprise budget.
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• Review of the post office monopoly on terminal equipment.
• Gradual phasing out of government investment grants and support
plans. (Under the Labour government, such support to the microelectronics industry climbed, with atotal
of $800 million envisaged.)
• Selective phasing out of regional
development grants, which, if strictly
implemented, could hurt efforts to
attract U. S. electronics firms.
• Most controversial of all, a possible bleak future for the National
Enterprise Board, best known in
electronics circles for backing Inmos,
the semiconductor maker. The NEB
has already been asked to sell $200
million worth of assets in such firms
as Ferranti Ltd. and ICI, Ltd.
Mrs. Thatcher's plan is being
steered by her Minister of State for
Industry, Sir Keith Joseph, who is
also the Conservative Party's chief
theoretician, and the Chancellor of
the Exchequer, Sir Geoffrey Howe.
No welshers. Whatever occurs,
says Sir Lesley Murphy, NEB chairman, the new government will not go
back on funding commitments already made to Inmos —although,
when prodded, he says, "Of course,
they could renege, but Iam confident they won't — they're honorable
people."
This also means that the other
NEB startups, such as Insac, the software marketing organization that
has sold video-text software to GT&E
in the U. S., and Nexos, a consortium of companies attacking the
word-processing and office-equipment market, should also be secure.
One deal that managed to slip
under the wire after the Conservatives came to office was a joint

venture between disk maker Data
Recording Instrument Co. and
America's Magnetic Peripherals Inc.
[Electronics, June 7, p. 70]. But will
the Conservatives forbid future venture capital exercises? Despite Sir
Lesley's optimism, that remains to
be seen. One ray of hope is Sir
Keith's stated intention of helping
the small-business man.
But the state will not simply stand
aside and watch. Sir Keith will also
be preparing his own formula for
assisting industry in its free-enterprise task. In particular, he wants to
use the government's huge purchasing power to support new technology; he has great praise for Sir
William Barlow of the British Post
Office for the changed attitude that
has seen the System X program
given top priority, and for a $10
Eyeing the NEB. Sir Keith Joseph, industry
minister, has no love for Labour's NEB.
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What happens when aleading cable
company and an innovative connector
manufacturer combine their strengths?
Pure synergy.
Alpha Wire and OW Industries have
combined their design, production.
marketing, and distribution expertise to
offer anew alternative in flat cable and
connectors. The Alpha/OW System.
Pure synergy, the customer benefits of
this integrated System are greater than
the individual parts alone.
Together, Alpha/CW can give you
advanced cable and connector design,
simple. time-saving installation features
and local availability through alarge,
nation-wide distribution network.

unshielded, all in awide range of 10
through 64 conductors. Add in jumper
cables, assembly tools and acomprehensive Designer Kit and you can begin
to appreciate the scope of the system
and the expertise that went into designing it
Available in quantity from
one source
The integrated Alpha/CW System is

stocked by Alpha wire distributors
around the country. The full line is available off-the-shelf for custom design or
retro-fit applications.
Alpha/OW is ready to work directly
with you. A call to the number below will
put the System engineers to work on
your needs. Or contact your nearest
Alpha distributor. Alpha/OW, 550 Davisville Road, Warminster, Pa. 18974;
(215) .355-7080

Each company brings significant
capabilities to the team.
OW is atotally integrated designer
and producer of connectors with over
75 years of experience in the electrical/
electronic industry. With asophisticated
engineering and design department
and automated production techniques
of their own invention, OW has developed a unique design for the termination of flat cable systems incorporating
their patented off-set tines. Available
only in the Alpha/OW system, the off-set
tines apply opposing forces on the conductor in two different planes ensuring
highly reliable, gas-tight terminations
even under conditions of extreme vibration.
Alpha Wire is aleading manufacturer of wire, cable and tubing for over
55 years. An innovator in the industry,
Alpha has introduced an integrated
shield and drain wire design flat cable
that significantly reduces cross talk in
high-speed data transmission appliances. VVith extensive experience in
cable design and production, all of
Alpha's flat cable is made to the exacting tolerances needed for reliable mass
termination connections.

Enlarged
view of
off-set tine

The Alpha/CW System has the
elements you need
Backed by over three years of
proven performance in the field there
are more than 200 precision components designed to install quickly, perform reliably and work together. The
broad line of connectors includes:
DIP's, PCB's, straight and right angle
headers with solder or wire wrap pins,
card edge and subminiature D-shells.
Cables are offered in: gray laminated,
color coded, jacket shielded and
Electronics/July 19, 1979

The Alpha/CW
flat cable
connector system
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The finest programmable financial
calculator available today.
Price includes HP-38E calculator, owner's
handbook, problem handbook, rechargeable battery, AC adapter, and carrying case.
For Mastercharge & VISA orders use our
TOLL FREE 24-hour hot line and ask for
operator 768.
California (800) 852-7777
Nationwide (800) 824-7888
Alaska & Hawaii (800) 824-7919
Allow 7-10 days for UPS delivery
ICA residents add 6% sales tax For UPS delivery S2.50)

SCIENTIFIC-TECHNICAL BOOK
8( Copy Center
17801 MAIN STREET SUITE H
IRVINE, CA. 92714 (714)557 8324
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New, Low Cost
41
/
2-Digit DPM's

RM-450
$126
With LED display
RM-451
$137
With LCD display
• 0.2V, 2V, 20V, 200V or
1000V range.
•Automatic polarity and overload indication.
• Plug-in range-change feature.
• DIN /NEMA case.
•Terminal block or P.C. edge
connections.
NLS products are available from Nationwide, Electronic
Distributors Send for our brochure today ,

Non-Linear Systems, Inc.

million order for 450 kilometers of
fiber-optic transmission equipment.
But another Joseph proposal under
consideration—to break the BP0
monopoly on terminal equipment the
way the Carterfone decision in the
U. S. opened up its phone system—
may not be so warmly greeted at the
post office.
Use of the government's purchasing muscle finds a sympathetic ear
with Mullard Ltd.'s new managing
director, Ivor Cohen. He argues that
state purchasing of private videotext systems or of systems for
programmed learning could help
launch a major industry around the
technology. The Japanese, Cohen
says, work this way, "building a
concept of aunited industry."
But even the industry minister's
proposals call into question the free
play of market forces. U. S. computer companies, for example, complain
that buy-British policies lock them
out of the state sector. While Sir
Keith may overlook this breach of
purist, free-market dogma, the role
of the NEB gives him some difficulty.
Sir Keith will also find it difficult
to remove regional investment grants
to industry —something he is not
rushing—as in the electronics sector
it would handicap Britain in the
international game of attracting
U. S. electronics companies to Britain's shores. The Republic of Ireland, for example, has achieved
enormous success in building a local
electronics presence with tempting
tax concessions and investment
grants to selected U. S. companies.
Most recently, Mostek Inc. announced plans for a new plant in
Ireland after a careful evaluation of
sites there and in Scotland, and
Rockwell International Corp.'s Microelectronics division as well as Siliconix Inc. are looking for European
sites.
Union block. But the Thatcher
Government's free-enterprise horse
could well be halted before it reaches
the stable door by the depressive
effects of higher interest rates (up to
14%) and a wage free-for-all promised by the unions' instant rejection
of a budget that they see as perpetuating the class struggle.

At the helm. Prime Minister Thatcher is
steering away from state ownership.

Also up for review in the bag of
interventionist machinery inherited
from the Callaghan administration
will be regional investment grants
aimed at attracting British and overseas companies to deprived regions
and industry support schemes aimed
at boosting British industry into the
microcircuit age. The role of the
National Economic Development
Office (an agency involving the
government, management, and labor) in drawing up national plans for
specific industry sectors will also be
scrutinized.
On the prowl. Yet another interventionist dilemma is posed by
moves to sell off successful NEBbacked companies like ¡CL and
Ferranti. Ernest Harrison, chairman
of Racal Electronics Ltd., who has
ambitions to turn his fast-growing
company into one of the world's electronics giants, has long eyed Plessey
Ltd. and has stated an interest in
Ferranti when it comes up 'for sale.
Such a move could trigger a dominolike round of takeover bids in Britain's fragmented electronics industries. But Sir Geoffrey in his budget
speech said that the stock sale
"forms an essential part of our longterm program for promoting the
widest possible participation by
people in the ownership of British
industry." So the Tories could be
planning a form of sale that would
prevent Racal and other UK companies from dividing shares.
Li

Originator Of the digital voltmeter.
Box N, Del Mar, California 92014
Telephone (714) 755-1134 TWX 910.322-1132
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If maximum reliability is the
minimum requirement

Wherever LED displays are
used, they snould function
reliably, regardless of
whether they are in asimple alarm clock or in a
Mach-3 aircraft. However,
this can be guaranteed
only by absolutely reliable
control circuits.
We build such circuits.
Our ICs U 237 B and
U 247 B are designed for
linear scaies, while U 257 B
and U 267 B are for logarithmic LED scales.
The table shows the operating points:
S 8/V.7.-HN 0179

Assemble
and forget it.
U 237
U 247
U 257
U 267

B
B
El
B

lst

2nd

; 3rd

0,2
0, 1
0,18/-15
0,1/-20

0,4
0,6
0,3
' 0,5
0,5/-6
0,84/-1,5
0,32/-10 .
1 0,71/-3

Each of these circuits
can control afive-position
LED strip display.
Interconnection of the
control circuits permits
ten-position strip displays to be implemented 100 mV to 1000 mV for
linear displays and -20 dB
to +6 dB for logarithmic
displays.

4th

5th

0,8
0,7
1,19/+1,5
1,0/0

1,0 V
0,9 V
2,0/+6 V/dB
1,41/ 4 .3 V/dB

AEG-TELEFUNKEN
Corporation
Route 22 -Orr Drive
Sommerville/New Jersey
New Jersey 08876

The output current is
20 mA. The supply voltage
may lie in the range
12-25 V, with atypical
current consumption of
25 mA.
Please ask for information
material. A telephone
call is sufficient.
Information is available
from:

TELE
FUN
KEN
AEG-TELEFUNKEN
Integrated Circuits
Circle 215 on reader service card

Probing the news

Consumer electronics

Microcomputers to run test house
Motorola's experimental residence in Arizona will contain
unobtrusive system of off-the-shelf micromodules
by Larry Waller, Los Angeles bureau manager

Tucked away in a housing development near mountains south of Phoenix, Ariz., sits an eye-catching house
that is bound to capture world attention when it is finished this fall. Not
only does the prism-shaped abode
use new materials designed by architects famed for innovations—the
Frank Lloyd Wright Foundation of
Taliesin West, in nearby Scottsdale—but it represents an ambitious
technological goal: to make microcomputers an unobtrusive but integral part of family life.
In charge of this task is a pair of
engineers from Motorola Inc.'s
Phoenix-based Semiconductor
Group. The two have devised a
prototype five-microcomputer network that controls and manages all
the home's electrical, environmental,
and security requirements. Already
proved in the laboratory, it will be
installed in mid-September for an
October opening, if present plans
hold. The home's name, "Ahwatukee," also given to the entire development, is Crow Indian and trans-

lates as "shining home of dreams."
The two engineers in the consumer
strategic marketing area have been
working on this home computer
system since September 1978. In
their early 30s, Patrick O'Malley,
systems engineer, and William D.
Pierce, applications specialist, believe their handiwork breaks new
ground in concept and hardware
configuration.
Just an appliance. "The philosophy behind the system is that it is a
home appliance," says O'Malley.
"But in keeping with the nature of
computers, it is a general-purpose
home appliance. It will make life in
the home simpler and more comfortable and at the same time make the
house more responsive to the needs
of its occupants than any other
building ever built. However, the
system must always remain subservient to the homeowner. The controls
merely execute the homeowner's
decisions automatically."
In computer parlance, the Ahwatukee project is transparent—the

user never knows it is there. What
the Motorola duo strained especially
to avoid is the "spaceship console
control-board look" so often portrayed in futuristic home concepts.
"This scares off a nontechnical
person," Pierce explains. Instead,
they hope the homeowner will come
to regard their network of computers, displays, sensors, and keyboards
as a common "shoebox in the
closet," as he puts it.
For hardware, the designers used
as basic building blocks Motorola's
off-the-shelf micromodules, which
are commercially available boards
built around the 6800 processor.
They assembled these modules into
five microcomputer nodes, connected
into a network. Although there also
are five major jobs overseen by the
control system, the nodes are not
dedicated to each one separately—
each can do all jobs. Rather, they
are linked in this way for redundancy, to offer maximum reliability.
The functions are environmental
control, security, load switching,

House of future. Architect's sketch shows Ahwatukee, Motorola's partly underground test residence. Its five microcomputer nodes, linked by
MC6800-controlled communications boards, will jointly cover environment, security, load switching, energy management, and data handling.

energy management, and information storage and retrieval. "Different
nodes take care of different sections
of the house," says O'Malley.
Tying the nodes together are
communications boards, each with
an MC6800 processor that drives an
MC8854 advanced data-link controller. The only piece of the system
that had to be built from scratch is
the video display, but since it uses
circuitry first designed to interface
Motorola's MC6847 video display
generator, it was easily done, the
designers say. On the display are
choices of action; by means of a
keyboard, aperson can give instructions to the system.
Simple orders. No knowledge of
computer programming is needed,
says Pierce, since the software takes
care of everything with simple
keyboard commands. Menus of possible choices of such things as
temperature settings or the time the
lights should be turned on are
displayed in an interrogatory fashion
on the screens, to guide the user.
The software, in fact, probably
advances the state of the art in home
computers more than the hardware
does, in Pierce's opinion. Until the
availability recently of improved
high-level languages, software was
not adequate to deal with asystem of
such complex interactions. "Fortran
or Basic wouldn't do it," he says.
Software was written in the MPL
language developed at Motorola to
support structured programming
techniques; it is similar to PL/1.
Rounding out the hardware are
the input devices, with the digital
ones largely being switches of all
types. Analog value measurements,
such as temperature and humidity,
are monitored and determined by a
32-channel analog-to-digital converter. Digital inputs, such as those
from wall switches and motion
detectors that monitor a room's
occupancy, are sensed through contact closures that are in turn
connected to a microcomputer
through opto-isolators. Outputs are
all contact closures, with relays
located in the computers.
In unburdening the future owner
of Ahwatukee of tedious everyday
decisions, the Motorola computer
network's biggest chore is to regulate
the total internal environment. By
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balancing temperature, humidity,
and other parameters against the
output of energy-using equipment,
the system is performing perhaps its
most vital task, especially in the
fiercely hot Arizona summers. It
even automatically opens and closes
doors and windows.
Turning on. But the designers
constantly emphasize the system's
transparency, to make the homeowner realize he is in control. Conventional wall switches, for instance,
still can turn on lights, even though
the computer could do it by sensing
motion in the room. But instead of
being wired directly to a fixture,
each supplies an input to the
computer network, which then activates it when it is switched.
Of all features, security is perhaps
the least conventional: there are no
keys
Ahwatukee. The doors will
have calculator-style keyboards; the
computer permits them to open
when the right access code is
punched in. Also, the rooms have
smoke and motion detectors that can
sound an alarm by telephone to the
proper agency, as well as turning on
audio alarms and lights.
Finally, with this home computer
system, an occupant can throw away
all address books, recipes, and other
vital records after entering them into
the data storage and retrieval portion contained in adisk memory.
For now, Motorola says the home
computer system, which has some
1,200 integrated circuits and 750
discrete components, is not aproduct
for sale, since total cost is $30,000 or
so and rising. But the payoff comes
when engineers get enough operating
experience under their belt to start
partitioning the functions into about
200 large-scale integrated chips,
which will bring the cost down eventually to the $200 to $300 range.
"But below $10,000 it could start to
get interesting to buyers," thinks
Pierce. The entire home will cost
about $750,000.
In the meantime, they keep adding features taken from their "ideal
wish list": these include the likes of
remote programming and voice synthesizers for interfaces. There is,
however, one odd omission: even
though Motorola has interests in
photovoltaic energy, the house has
no provision for using it.
D

ERIE
INTRODUCES TWO
NEW MONOBLOC'''

CERAMIC
CAPACITORS...
1--. Multi-hole
Planar
ri .-1Capacitors

Erie planar capacitors introduce anew
technology. They are designed to filter
more than one line when space is at a
premium, as each hole is aseparate
element. Virtually any geometry can
be designed utilizing up to 20 holes.
Depending on size and voltage
ratings, capacitance values range
from 10 pF to 1µF.

e

High Voltage
Bank
Capacitors

These capacitors can be custom
designed to your requirements. A
series of capacitors can be built into
one monolithic bank of various shapes
and sizes. A unique curve unit can be
designed to your specifications.
For additional information on these
products, write on your company
letterhead ... or call 613-392-2581.

ERIE TECHNOLOGICAL PRODUCTS, LTD.
Trenton, Ontario, Canada
613-392-2581
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Communications

World waits for sunspots
Major disruptions, particularly in 3-to-30-MHz band,
are expected next year, with satellites also affected
by Harvey J. Hindin, Communications & Microwave Editor
The sunspots are coming, and for
users of a good portion of the civilian, commercial, and military radio
bands that means communicating in
another way or learning to work with
different frequencies.
Actually, there are always sunspots, and they intensify periodically. The profound influence these
dark areas in the sun's photosphere
have on the earth's communication
systems makes it significant that the
National Oceanic and Atmospheric
Administration predicts major disruptions in early 1980. The activity,

most of it in the 3-to-30-megaherz
range, is expected to peak in March.
The disruptions in communications will benefit some and hinder
others. The more than 350,000
amateur radio operators in the U. S.,
for example, will be able to make
extremely consistent, long-distance
contact frequently and with relatively low power, says H. H. Sargent III
of NOAA'S Space Environment Laboratory in Boulder, Colo. But operators confined by law to specific
frequencies may find them more
heavily congested than usual. Such

The only book of its
kind in the field.
If you haven't got it,
you're not in the market.
To insure prompt delivery
enclose your check with
the coupon now.

Electronics Buyers' Guide
1221 Ave. of the Americas
New York, N.Y. 10020
Yes, please send me
copy(les) of
1979 EBG
I've encfosed12 $40 per copy for surface mail
D $52 per copy for air mail
Full money-back guarantee if returned in
10 days
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Company

Street

Blacked out. Dark areas on the sun, or sunspots, wipe out much radio communication in the
3-to-30-MHz range. The upcoming intense period of sunspots should peak early in 1980.
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a be
Models 15 & 16 Dials/Model 534 Pot
Two of the industry's most popular turns-counting dials
are Spectrol's Model 15 digital and Model 16 concentric. And you will
often find these 'ubiquitous" dials backed-up behind the panel by Spectrol's
Model 534 "universal" pot. It's a winning combination worth looking into-easy
reading dials that look good on everybody's panel, plus a versatile,
wirewound, precision potentiometer available in so many
standard and special variations it will fit almost
everybody's application. Call or
send for data sheets.

Pectr(:'
SPECTROL ELECTRONICS GROUP
UNITED STATES

Spectrol Electronics Corporation

UNITED KINGDOM
ITALY
GERMANY

P.O. Box 1220, City of Industry, Calif. 91745, U.S.A. •(213)686-1280 •TWX (910)

Spectrol Reliance Ltd.

SP Elettronica SpA

Spectrol Electronics GmbH

584-1314

Drakes Way, Swindon, Wiltshire, England •Swindon 21351 •TELEX: 44692

Via Carlo Piscane 7, 20016 Pero (Milan) Italy •35 30 241 •TELEX: 330091
Oberauerstrasse 15, 8000 Munich 70 West Germany •(089) 7145096 •TELEX .05-213014
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NEED RELIABLE
CIRCUITRY?
ELORG
CAPACITORS
WILL DO THEIR
BIT!
With their specifications that meet IEC
standards for ratings, tolerances and temperature coefficients.
Offered 40-odd types include
• K10-7V ceramic capacitors rated from 22 to
47,000 pF for voltages of up to 50 V;
• Electrolytic capacitors;
MI Thin film capacitors.

Sole exporter
.L.C22//e'M
32/34 Smolenskaya-Sennaya
121200 Moscow
USSR
Telephone 251-39-46, Telex 7586
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reduced efficiency often accompanies increased solar activity, he adds.
Worse yet, if the cycle, the 21st
since 1755, is as severe as Sargent
and his colleagues—using asophisticated statistical procedure called
multiple regression analysis—predict, then related geophysical disturbances such as solar flares and ionospheric storms will occur. These will
disrupt radio communications in
both the 3-to-30- and 30-to-300-MHz
bands for periods of time ranging
from minutes to days.
Second worst. If the prediction is
accurate, the 1979-80 cycle will be
equal to the second most severe cycle
observed over the past century. This
disturbance, the 18th since 1755,
occurred in 1947. Because of their
serious effects many investigators
have studied all available records of
sunspot cycles, which average
around 11 years each, in an effort to
predict the impact of the phenomenon. However, the predictions by no
means agree, and the lack of a reliable, long-term data base using
modern measurement technology
contributes to the disparity.
The present sunspot disturbance is
in part responsible for the untimely
demise of the Skylab satellite, as it
caused molecules in the earth's
atmosphere to rise, creating increased drag on the spacecraft. If
opinions on the severity of sunspot
activity had not varied so widely, it
might have been possible to pinpoint
Skylab's reentry more accurately. As
it was, the National Aeronautics and
Space Administration's estimates
suggested less disruption than those
made by the NOAA group.
Sargent's estimate is based on the
work of a Russian physicist, A. I.
Ohl, who predicts an extremely
severe cycle ahead. Sargent's colleague, Joseph Hirman, thinks that
Ohl's method of calculation should
be taken seriously because it takes
new factors into consideration, relying "not only on past sunspot cycles,
but adding magnetic disturbances on
earth caused by sunspots as asource
of additional information. Statistically, this is very important because
it takes into account something besides the sunspots themselves."
CI
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...GI EAROM and any microprocessor.
It's a fact. More and more designers are discovering GI
EAROMs as standard memory components which combine naturally with any microprocessor they choose.
For very convincing reasons, the GI EAROM family
is truly in aclass by itself, as evidenced by the more than
three million GI EAROMs now in use. and the hundreds of
thousands more we're producing each month.
GI EAROMs will meet your needs for parallel or serial
I/O, in 4,8 or 16-bit word widths. A non-volatile electricallyalterable ROM, it allows you to erase and program individual words, while data can be stored reliably, and without
power, for ten years.
Unlike EPROMs, EAROM-stored data can be easily
updated—reprogrammed electrically in the system. As a
non-volatile memory, EAROM can save data or pointers in

the event of apower failure., like aRAM with abattery—
without the battery!
GI EAROMs are available now. In quantity. Priced
competitively. For metering pumps, appliance timers, controllers, calculators, data terminals, and countless other
applications. If the system is microprocessor-based, GI's EAROM is bound
to make it better!
Prove it yourself on your next
oroject. Our Application Notes
and engineers will assist you. Just
write or call General Instrument
Microelectronics, 600 West John
Street, Hicksville, New York
11802, (516) 733-3192.
We help you compete.

GENERAL INSTRUMENT CORPORATION
MICROELECTRONICS

El
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Look at the speed.
0 275 nanoseconds
instruction time
0 DMA transfer rates up
to 10 million words
per second
08 level vectored priority
interrupt system
0 Single + 5V power
supply
0 Software compatible
with the commercial
16S and 16F processors
0 Available in ATR or
double Eurocard sizes
0 Architecture and
packaging easily
adapted to suit specific
requirements

[LODE] ODD 25EC

0 Conforms to
MIL-E-5400 Class 2
(airborne)
MIL-E-16400
(shipboard)
MIL-E-4158
(land-based)

When your first shot
is the only one you'll get.
The Miproc 16M.
Whether you're taking abead on the enemy, or lining
up amicrocomputer for your military system, one wrong
move can be your last. So if you're looking for areal fast,
real-time processor, or the answer to high data rate
problems—like 10 megawords per second—you're looking
for Miproc. Because Miproc is the fastest there is.
Anywhere.
The Plessey 4million instruction/second commercial
Miproc 16F, widely used in industrial, university and
government establishments around the world, is now
available in militarised form. For weapons control,
missile control and telemetry, radar signal processing,

ECM, sonar, head-up displays, aircraft/missile simulators
and airborne/shipboard computers, Plessey Microsystems
Miproc is presently contributing to the strike capability
of important international defense projects.
We could be adding power to your elbow too.
Real fast.
Check our Miproc for durability and flexibility,
compatibility, downright convenience and all round
performance; you'll find Miproc is the compact,
fuss-free path to high speed dedicated microcomputing.
Whatever its shape let us know your problem and
we'll send details of the way Miproc can help you.

PLESSEY

MICROSYSTEMS

Plessey Microsystems Inc., 19546 Clubhouse Road, Gaithersburg, Maryland 20760.
Telephone: (301 )840 9455 & 948 2791 TWX: 710 828 9708 & Irvine, California (
714 )540 9931.
France:Paris 1011776 43 34.Holland:Noordwijk 01719 19207.Germany: Munich (089 )23 62 270.Japan:Eiji Kitahara,Tolcyo 244 3782.UK: lbwcester (0327) 50312.
r
e
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RELAX...it's amazing how an easy mind puts you in touch.
We're the easy mind people, TRW Capacitors. Our new
X659F can solve your packaging problems. We call it "the
new dimension capacitor". Its the smallest possible size—
at the smallest possible price. The advanced design of the

board-hugging mounting. It's ideally suited to small portable equipment for commercial and instrument grade
products.
So if you have a packaging problem, relax and send for

new TRW X659F utilizes very thin gauges of metallized

complete specifications and applications information on

polyester with design highlights such as capacitance
values to 20.0 MFD, dissipation factors less than 1.0%.

the new X659F Capacitor. Call or write: TRW Capacitors,
An Electronic Components
Division of TRW Inc., 301 W

Electrically, the new X659F is interchangeable with our
X663F. Same rugged durability and long stable life.
Oval shape allows either vertical or flat, horizontal

"0" St., Ogallala, Nebraska
69153. Tel: (308) 284-3611
Actual

ze 022 UFO 400VDC

TRWCAPACITORS

ANOTHER PRODUCT OF A COMPANY CALLED TRW

Circle 103 on reader service card

Beat discrete over 13 octaves
with low-cost, cascadable RF gain blocks.
Motorola Introduces the MWA110/210/310
families ... nine linear, gold-metallized hybrid
transistor amplifiers that are complete, wideband,
single-stage gain blocks in themselves. They're
all-in-one cascadable, thin-film modular devices.
They offer simple, economical methods of adding
gain to RF circuits from 0.1 MHz to 1GHz with
none of the complexities of discrete designs.

Easier than a transistor.
Lack of control's no longer a problem. We've
given it all to you in one device. We control the
printed inductor, active devices and laser-trimmed
nichrome resistors to afford stable, consistent
performance from unit to unit, circuit to circuit.
Parasitics are minimized.
All tolerances are controlled before you start.
No design pain or assembly problems. No lead
bending or soldering. No biasing. No matching
networks. No feedback loops or stabilizing
elements. All you do is plug it in, give it DC and
watch it go.

Gain response,
cascades and other marvels.
The series has virtually flat response over 13
octaves. Units can be used singly or cascaded in
50 fi systems for any gain without bandwidth
shrinkage. They're flexible, functioning elements
where noise, sensitivity, dynamic range and
distortion are important- RF/IF stages, multichannel power splitters, preamps, cable drivers.
multicouplers, RF distribution systems, feedback

loops. isolation and buffer stages. Even in digital
systems, since they handle pulse trains without
distortion. Typical gains range from 6.2 to 14 dB.
Other specs include 1dB gain compression
output levels from -2.5 to 18.5 dBm; 'dc choices of
10, 25 and 60 mA and 4 to 9 dB NF, depending
on type. Hi-Rel processing similar to MIL-S-883,
Method 5004.4, Class B processing, is available.
And it all comes in the low-profile TO-39 case.
Power Gain versus Frequency
MIMA110/120/130

200

400

800

800

1000

1200

f, Frequency (MHz)

Contact Motorola Semiconductor Products, P.O.
Box 20912, Phoenix, AZ 85036 for comprehensive,
fully-characterized data Then, instead of paying
$40 or more for others, design in the MWA-series
for only $5.00 to $7.00. Because Motorola
produces RF technology in volume for

Innovative systems
through silicon.

MOTOROLA INC.
All prices 100-up.

104

Circle 104 on reader service card

Electronics/July 19, 1979

Technical articles

A IMS't Of eith&GY
lèl PI-Iurovouxics

space‘t. &tikpoxr
by John Javetski,

Consumer and Industrial Editor

El Solar cells seem more and more likely to supply part
of the world's future energy needs—and to open up a
major new electronics market as well. Ever since 1973,
when the Arab oil embargo underscored the world's
dependence on petroleum, researchers have redoubled
their efforts to build a photovoltaic device that can
extract electricity from sunlight more cheaply than
conventional generators produce it from fossil fuels.
Although that goal has yet to be achieved, except for
applications in remote locations, photovoltaic cells today
are more efficient and inexpensive than ever and promise
to become even more so in the future.
To summarize the progress of the last six years:
• The price of atypical commercial solar-cell array has
been halved. In 1973, amodule that produced 1watt of
electricity under peak illumination at noon cost $20 to
$30. Today, a module with identical performance and
better reliability sells for about $10 to $15.
• Conversion efficiencies of cells based on "mature"
technologies—single-crystal and polycrystalline silicon,
cadmium sulfide, gallium arsenide, and concentrators—
have risen dramatically and are now nearing their theoretical maximum.
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• The U. S. and other governments have stepped up
funding for research programs aimed both at reducing
the production cost of today's cells and at identifying
new technologies that could eventually become the bases
of even cheaper arrays.
Thanks to falling costs, the worldwide market for
photovoltaics is beginning to expand. Estimates of its
growth rate vary widely, but experts generally agree that
annual installed capacity will slowly gather steam and
rise from last year's level of about 1megawatt to at least
5,000 mw by 2000. There is absolutely no argument,
however, that, when the market becomes large enough to
justify automated mass production of cells, costs will
really plummet. That will open up new markets, accelerate sales, and drive prices even lower.
Despite the progress to date, solar cells still have a
long way to go before they can begin to satisfy more than
atrivial percentage of the world's appetite for electricity.
This report will survey the work being done today by
researchers in the U. S. and around the world. Their
efforts are as diverse as estimates of photovoltaics'
potential viability as an alternate energy source, but they
do have acommon denominator— hope.
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Mr
viirrr LOO&TO THE SUM
Of all the programs of solar cell development, the most
ambitious is the U. S. Department of Energy's Photovoltaic Systems Program. Its long-range goal is to ensure
that photovoltaic systems supply a"significant" amount
of electrical energy to the nation by the year 2000.
Washington began funding solar-energy research in
earnest in 1973. Since then, although the agency in
charge of administering the work has changed several
times (from the National Science Foundation to the
Energy Research and Development Administration to
DoE), the program's intermediate targets between now
and the end of the century have not.
Figure 1 shows these DOE targets in 1980 constant
dollars, namely, to lower the price of solar-cell modules
to $2.80 per watt by 1982, 700/W by 1986, and 15¢ to
50¢/W by 1990. At those prices in those years, DOE expects photovoltaics to put large dents in the standalone, residential, and utility markets, successively.
Ahead of schedule
What are the chances that the goals will be achieved?
In Washington, bureaucratic "cautious optimism" is
running high. "There's abetter probability than ever of
meeting the 1982 and 1986 goals," reports Paul
Maycock, who has headed the energy technology
program since 1977. "In fact," he adds, "we're about one
year ahead of schedule," estimating that several soonto-be-announced Federal buys of arrays should cost an
average $5.50/w.
Besides being pleased with this technical progress,
Maycock, who formerly handled marketing and product
development for Texas Instruments Inc., is also elated

(46 kW)
• AVERAGE OF MULTIPLE BUYS

•

• SINGLE BUY
• GOAL
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1. Racing with the sun. DOE hopes to cut the cost of solar-cell
arrays to $2.80 by 1982 and 150 to

we

by 1990. Besides technical

progress, the timetable assumes annual photovoltaics sales will grow
to 20 MW by 1982, 500 MW by 1986 and 5,000 MW by 2000.
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that DOE recently recognized the importance of other
aspects of photo-voltaic cell technology. First, it added
price goals for systems ($6 to $13/w, $1.60 to $2.20/w
and $1.10 to $1.30/w, respectively) to its 1982, 1986,
and 1990, prices for arrays. Then, late last year, it
assigned to its Conservation and Solar Applications
branch responsibility for assuring that photovoltaic
systems penetrate the various sections of the power
market as they become cost-effective.
The Conservation and Solar Applications branch is
initially authorized to spend $98 million over the next
three years on administering the Federal Photovoltaics
Utilization Program, which is totally separate from the
Photovoltaic Systems Program. FPUP has two immediate
goals: to develop the Federal market by encouraging
Government agencies to buy photovoltaic systems, and
to provide marketing support to commercial solar-cell
manufacturers, whose growth is crucial to the ultimate
success of photovoltaics.
Those manufacturers, in particular the growing
number of wealthy oil companies that now own or
subsidize cell manufacturing plants, were undoubtedly in
mind when Congress passed Public Law 95-590 last
year. The National Photovoltaics Act authorized expenditure of $1.5 billion over the next 10 years for photovoltaic research, development, and demonstration —a longterm program that is viewed by industry observers as an
invitation to companies to make a marketing commitment to photovoltaics by investing in much-needed massproduction capacity.
Funding through the act, which becomes the authorizing legislation for the Photovoltaic Systems Program,
will heavily favor the development of technology for the
next few years and then gradually shift to emphasize
demonstration projects in the field. Although that
weighting irks commercial suppliers a bit, it delights
research workers.

Whatever the act's eventual implementation, its
philosophy parallels DOE's recent administrative decentralization of its photovoltaic effort—the creation in
effect of anew middle level of management that will be
responsible for integrating related parts of the program.
Figure 2shows the result: the inclusion in the organization of two supervisory, or lead, centers, the Solar
Research Institute (mu) in Golden, Calif, and the Jet
Propulsion Laboratory (iPL) in Pasadena', Calif.
Roughly speaking, SERI oversees program elements
involving advanced (and on occasion esoteric) R&D,
while JPL is in charge of developing mature technologies.
Day-to-day management of the program elements will
continue under research organizations like Sandia Laboratories, Albuquerque, N. M., the National Aeronautics
and Space Administration's Lewis Research Center in
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Foreign governments are banking on sun power, too
The expenditures of overseas governments for photovoltaics development look like small-scale versions of Washington's—with one important difference. Until the passage
last year of the 10-year National Photovoltaics Act, the
U. S. was the only country with a long-range solar-energy
plan not backed by a multiyear funding authorization.
The following list provides an update of the directions
and financial support that various nations are giving to
photovoltaics activities:
The European Economic Community. Beginning this
month, the Commission of the European Economic
Community 'will spend about $24 million over a period of
four years on promoting the development of solar cells in
its nine member countries. In accordance with usual EEC
policy, that sum will be matched by funding from local
sources, mainly national governments.
The $24 million will sustain projects now supported by
the $10 million injected into photovoltaics by EEC during
the last 20 months. That work includes 50 contracts for
research and development of technologies that range
from placing single-crystal silicon on graphite ribbons to
raising the efficiencies and lowering the costs of
cadmium-sulfide, cadmium-telluride, and amorphous-silicon cells, as well as cells used in concentrator systems.
More pragmatically, between now and 1983 the
commission hopes to build three or four generating plants
that will produce 300 to 400 kilowatts of electricity each.
Wolfgang Palz, the commission's director-general, sees
France and Italy as strong candidates for the new plants,
but hopes a northern EEC member like the UK, West
Germany, or Denmark will get ashot at one, too.
France. At mid-year, planners at the year-old French
Commissariat à l'Energie Solaire (COMES) were busy
putting together a long-range program aimed at reducing
the costs of solar cells to $1.60 to $2.50/W by 1985, a
less ambitious target than the U. S. Department of Energy's. Although the path to that goal has yet to be plotted,
the commissariat already has a rough idea of what it will
cost to get there. It estimates total funding—including
government money, private investment, and help from the
European Economic Community —at $115 million. Still to
be decided is how much of that sum the French government will contribute.
This year, COMES is spending $4.7 million on photovoltaics, almost triple the $1.7 million it distributed during
1978. And it is not the only French government agency
interested in power from sunlight; the Centre National de
la Recherche Scientifique (CNRS) and others have
budgeted another $4.5 million for 1979.
Over the last three years, the French have shifted their
R&D emphasis from programs with long-range goals to
those that show greater practical potential in the next few
years. These short-term programs include systems studies
and work on single-crystal-silicon cells and concentrators.
Not to be overlooked, however, is their continued development of less mature cell technologies and low-cost
production of silicon ribbons and cast crystals.
West Germany. Bonn's Ministry for Research and Technology, which began supporting the development of
terrestrial photovoltaics in 1974, is today aiming the lion's
share of its support in one direction, the Bavarian town of
Burghausen. There, Wacker-Chemitronic GmbH and AEGTelefunken are together developing a polysilicon crystallization process that they hope will reach the stage of
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yielding large quantities of cheap efficient solar cells by
the year 1985.
Two years ago, the ministry was so impressed with the
cells' export potential that it decided to pick up 80% of the
cost of refining the process and building production facilities. Its eight-year bill will be $76 million, asum that dwarfs
its expenditures on other ongoing R&D projects.
Although insignificant by comparison, the German
government's funding for other than polysilicon research
covers a broad spectrum, including work on amorphous
silicon, cadmium-sulfide cells, cadmium-selenide thin
films, and cadmium-telluride concentrator cells. Reportedly, Bonn is now considering a post-1985 program of yet
unspecified proportions.
Japan. "Mysterious," as in the phrase, "the mysterious
East," aptly describes Japan's Sunshine Project, a
comprehensive, multibillion-dollar program begun in 1974.
For today, the Ministry of International Trade and Industry
(MITI), which shepherds the project, will not say how
things are going and essentially forbids its contractors to
publicize their efforts.
Observers interpret this silence as asign that the project
is progressing slowly. They note that Sunshine's photovoltaics program began in 1974 with the vague goal of
"reducing costs to one hundredth or less" and an equally
vague timetable: basic research through 1980, design of a
pilot production facility from 1981 to 1985, and low-cost
power generation sometime during 1986-90. As a result,
profit-motivated companies not participating in the project
are today considered ahead of the MITI-industry team.
All Sunshine spokesmen will say is that they plan to
model a 3-kW station with a mock power source and
begin studying its static characteristics this year. Dynamic
studies, with real cells, will follow in 1980.
Italy. Rome has been characteristically slow to move on a
national solar-energy scheme. Now awaiting the reconvening of parliament is a modest plan, drawn up by the
Ministry of Industry, that calls for the total subsidy of rural
photovoltaic installations that would not be tied to an
electrical grid. According to the plan, 80% of the cost of
any such project,w.ould be picked up by the government,
the remainder being paid for by ENEL, the state-owned
utility company.
Great Britain. Unlike Italy, the government of the UK at
least has the excuse of perennially clouded skies for its
lack of a significant photovoltaics program to compare
with DOE's. The British Department of Energy does have a
$12 million solar program, but its chief aim is to develop
thermal heat-exchange panels. Limited funding for solarcell R&D in Britain also comes from the Department of
Industry, the Science Research Council, and the European
Economic Community.
Canada. Its northern latitude is the reason that Canada's
solar-energy program is lukewarm toward photovoltaics.
But, according to John Simpson of the National Research
Council, federal spending for photovoltaic R&D this year
amounts to about $1 million. Included in the latter is
development of several cells based on polysilicon.
Like the U. S., Canada is now beginning to steer its
funding toward more demonstration projects. By 1982,
Simpson expects two or three types of polycrystalline cells
to be in production. Two years later, with a viable industry
in place, Canada should be better able to predict its future
in photovoltaics.
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PHOTOVOLTAICS BRANCH
(DEPARTMENT OF
ENERGY HEADQUARTERS)

JET PROPULSION LABORATORY
(LEAD CENTER FOR
TECHNOLOGY DEVELOPMENT
AND APPLICATIONS)

SOLAR ENERGY RESEARCH INSTITUTE
(LEAD CENTER FOR
RESEARCH AND DEVELOPMENT)

IN-HOUSE R&D

JPL
(LOW-COST SOLAR•
ARRAY PROJECT)

CONTRACTORS

SANDIA LABORATORIES
/•SYSTEMS DESIGN AND ENGINEERING
•CONCENTRATOR TECHNICAL DEVELOPMENT
•BALANCE-OF-SYSTEMS TEC!'N 1!,AL BEVEL.

NASA, LEWIS RESEARCH CENTER

DOE, ALBUQUERQUE OFFICE
(CONCENTRATOR APPLICATION
EXPERIMENTS)

MIT-LINCOLN LABORATORY

(REMOTE STAND-ALONE
EXPERIMENTS)

(RESIDENTIAL
EXPERIMENTS)

MIT ENERGY LABORATORY
AND AEROSPACE CORP.
(ECONOMIC AND
INSTITUTIONAL ANALYSES)

2. Decentralization. Research-oriented institutions manage the various elements of the Photovoltaic Systems Program on a day-to-day
basis. New to the hierarchy are the lead centers at JPL and SERI, which aim to integrate the work of the projects that they oversee.

Cleveland, Ohio, and the Lincoln and Energy Laboratories of Massachusetts Institute of Technology.
For fiscal year 1980, which begins this October, DOE
needs a$130 million appropriation to allow the existing
program to continue. But that amount, a modest
increase over the $103.5 million being spent in fiscal
1979, is by no means certain to remain intact in next
year's Federal budget, which is now in the process of
being made final in Congress.
Regardless of the sum finally budgeted for next year,
Uncle Sam's financial support for photovoltaics puts
other governments' expenditures in the shade (see "Foreign governments are banking on sun power, too,"

p. 107). However, despite smaller Federal and private
outlays overseas, foreign photovoltaic technology is
considered serious competition by American solar
experts. DOE's Maycock attributes the successes of the
West Germans, for example, to their decision to put
their eggs in fewer well-chosen technological baskets, a
gamble that seems to be paying off, at least in promise.
But, in general, American cell technology still shines
brightest internationally, especially in terms of diversity.
A good example of that sophistication is the work being
done at and for JPL to advance the state of the art of the
oldest, most understood solar cell technology: singlecrystal silicon.

PAM'
'ME PUSH TO PiejDUCT1OM lèl SILICoè1
The obstacles to the large-scale manufacture of solar
cells are being attacked on every level. The material, its
shape, the transparent encapsulant, and the final
module, complete with pn junctions and electrical
contacts, are all undergoing intense development. In the
U. S., the main focus is on conventional crystalline silicon. Elsewhere, amorphous silicon is also coming in for a
lot of attention.
The Jet Propulsion Laboratory in Pasadena, Calif.,
manages the Department of Energy's Low-Cost Solar
Array (isA) project. LSA is grooming one type of cell —
single-crystal silicon —to meet the 1982 and 1986 price
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targets for modules. Since it began in 1975, the project
has received consistently strong support from the Photovoltaic Systems Program, reflecting DOE's feeling that
the well-understood silicon technology has the best
chance of becoming cost-effective in the short term.
Like Gaul, LSA is divided into parts—four, to be
exact. These parts, which JPL calls tasks, each aim to
reduce the cost of one phase of the evolution of sand into
sunlight converter. The four LSA tasks are: the production of polysilicon material, the formation of large crystalline sheets, cell encapsulation, and fabrication.
Task 1, reducing the cost of polysilicon, is considered a
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3. Polish pullers. By making conventional Czochralski crystalgrowing furnaces rechargeable with liquid or solid polysilicon, three
LSA contractors now can pull more than one single-crystal-silicon
ingot from asingle crucible before it must be discarded.

customer like the fledgling photovoltaics industry.
With price and availability in mind, JPL is funding
four low-cost polysilicon production processes (six others
were dropped last October). Of these four, those of
Battelle Laboratories, Columbus, Ohio, and Union
Carbide Corp., Sisterville, Wis., are more advanced than
those of Westinghouse Electric Corp., Pittsburgh, Pa.,
and SRI International Inc., Menlo Park, Calif:

QUARTZ
BAI FLE

Cutting poly's price
GROWTH CHAMBER

MELT CHAMBER

SILTEC LIQUID TRANSFER

crucial link in the production chain. Semiconductorgrade (99.999% pure) polysilicon, the feedstock for
today's solar cells, now sells for about $65 per kilogram,
or about $2.80 per watt in 1980 dollars. DoE hopes to cut
that cost to $10/kg by 1982 and, along the way, discover
whether so-called solar-grade polysilicon—polysilicon
with impurity concentrations below the semiconductor
but above the metallurgical grade—could be used to
make cheaper cells with acceptable performance.
The price of polysilicon is not all that worries DoE.
Industry observers say that today's tight market for the
material may develop into shortages in the near future.
That, they add, will hurt solar cell makers because
polysilicon producers will be reluctant to invest $20
million to $40 million in anew plant just to serve asmall
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Battelle and Union Carbide both produce semiconductor-grade polysilicon — Battelle by zinc reduction of silicon tetrachloride in a fluidized-bed reactor, and Union
Carbide by first producing silane from metallurgicalgrade (98% pure) silicon and then depositing silicon
from it. According to Lamar University of Beaumont,
Texas, which JPL uses to evaluate the commercial feasibility of such processes, both approaches stand a good
chance of meeting the $10/kg goal when scaled up into
plants producing 50 to 100 metric tons ayear.
Meanwhile, Westinghouse and SRI International are
developing processes that yield solar-grade material.
Both rely on sodium reduction of silicon halides and now
show preliminary cost estimates of $9.40/kg and
$6.20/kg, respectively. To get a better handle on the
feasibility of using solar-grade polysilicon for cells, JPL
has five contractors looking at the tradeoffs between
purity and cell performance. They are: Aerospace Corp.,
Los Angeles; the National Bureau of Standards in
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4. Ribbon to ribbon. Motorola converts fine-grained polysilicon
feedstock into large-grained, macrocrystalline ribbons by heating
and then recrystallizing them with a gas laser. This process requires
no crucible or die and has ahigh throughput rate of 55 cm 2/min.

Gaithersburg, Md.; C. T. Sah Associates, Urbana, Ill.;
Lawrence Livermore Laboratory in Lawrence, Calif.;
and Solarex Corp., Rockville, Md.
Task 2 of the LSA project is to reduce the cost of
transforming purified polysilicon into large sheets of
single-crystal material suitable for cell fabrication. DOE
sees this step as having great potential for cost reduction—from awhopping $5.85/w in 1976 to ahoped-for
94e/w by 1982.
Ingots versus film
Today, JPL is funding several different processes [Electronics, Sept. 28, 1978, p. 97] that yield single-crystal
silicon in one of three forms: ingots, shaped ribbons, or
sheets. Although "pleasantly surprised" that Czochralski
crystal growing—the technique used to make ingots for
semiconductor manufacturers—continues to show progress, JPL expects that in the long run ingot technologies
will cost afew cents more per watt than the newer ribbon
and film processes.
The ingot growers —Kayex Corp.'s Hamco division in
Rochester, N. Y., Siltec Corp. in Menlo Park, Calif.,
and Varian Associates' Lexington (Mass.) Vacuum division—are all modifying conventional Czochralski crystal-pulling furnaces to make them rechargeable with
molten silicon (Fig. 3). That would allow extraction of
more than one ingot before cooling the furnace, aprocedure that inevitably cracks and destroys the expensive
crucible in which the crystal grows.
Crystal Systems Inc., Salem, Mass., also makes
ingots, but bj/ casting them [Electronics, July 20, 1978,
p. 44]. Its heat-exchanger method now yields 15%efficient square ingots that, when sliced into cells, greatly improve the packing density of finished arrays. President Fred Schmid adds that their shape is not his ingots'
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only selling point: "Our process requires one third less
power, material, and labor than Czochralski," he claims.
Now producing 4-in. 2 ingots,' Schmid hopes .eventually
to increase their cross section to 12 in. on aside.
Crystal Systems also has aTask 2contract to reduce
the considerable (typically 50%) waste incurred in slicing ingots into wafers and then polishing or etching them
to remove surface damage. It is using amultiwire sawing
technique that yields up to 64 4-mil-thick wafers per
linear inch of ingot and should eventually be able to
reduce ingot waste to 33%. Other companies with ingotwafering contracts are Varian, for multiblade slicing
with an abrasive slurry, and Siltec Corp. and Silicon
Technology Corp., Oakland, N. J., for inner-diameter
sawing with fixed-diamond abrasives, today's prevalent
sawing technique.
One way to eliminate the ingot-wafering step
completely is to grow the crystalline silicon directly as
thin ribbons or films. JPL is backing the work of four
contractors in this promising area: Mobil Tyco Solar
Energy Corp., Waltham, Mass.; Motorola Inc.'s Semiconductor Products group, Phoenix, Ariz.; Westinghouse
Electric Corp.'s Research Center, Pittsburgh, Pa.; and
Honeywell Inc.'s Corporate Technology Center, Bloomington, Minn.
Mobil Tyco, Motorola, and Westinghouse use different techniques to grow ribbons, but all three need to
boost the throughput of their process and the conversion
efficiency of their product before they can meet DOE'S
1982 and 1986 cost goals. Last year, Westinghouse set a
new record of 16% for ribbon efficiency with its dendritic-web process, while Motorola raised the growth rate of
its ribbon-to-ribbon (RTR) process (Fig. 4) to
55 cm/min. Mobil Tyco, which already licenses its
edge-defined film-fed growth (EFo) process to Japan
Solar Energy Corp., can now pull five 2-in.-wide ribbons
simultaneously from asingle crucible.
Rather than make ribbons, Honeywell produces its
films by dip-coating inexpensive carbon-coated ceramic
substrates in molten polysilicon. Since its process
consumes very little silicon, its target throughput rate for
cost-effectiveness (0.15 cm/s) is lower than that for
ribbon-growing techniques. To date, Honeywell has
produced 2-cm 2cells with an efficiency of 5.5%.
The crucible
As all of the processes described so far require either a
refractory crucible to hold the molten silicon or arefractory die to shape it, JPL has also let several Task 2
contracts for the development of suitable die and
container materials. These materials have to be: lowcost; mechanically stable at temperatures above 1,400°C,
the melting point of silicon; not contaminating to silicon;
and malleable with close tolerances. One material with
all four of these properties is silicon nitride, so Battelle
Labs, RCA Laboratories, Princeton, N. J., and EaglePicher Industries Inc., Miami, Okla., are working on it.
Unlike the solar cells used to power satellites in space,
arelatively benign environment, terrestrial photovoltaics
must survive moisture, salt spray, animals, vandals, ice,
and snow. The objective of Task 3of the LSA project is
to develop alow-cost module-encapsulation system that
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can be expected to last for aperiod of at least 20 years.
JPL expects that the most difficult problem in this area
will be protecting the module's sunlit side while maintaining transparency. It is keeping its options open as to
what form the transparent element will take, but several
candidate materials—glass and various polymers—
already look promising. Nine contractors now are working on encapsulants, notably Motorola, on an antireflective coating for soda-lime glass, and MB Associates
Inc., San Ramon, Calif., on development of glassreinforced-concrete substrates.
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Low-cost production
The final step in any solar cell's evolution is its conversion from wafer, ribbon, or film form into a finished
multicell module that is ready for installation. That
process, which includes creation of the photovoltaic pn
junction, addition of electrical contacts, assembly and
encapsulation, represents about 35% of the cost of a
finished array and cost $8.36/w in 1976.
Today, JPL, backed by studies of mass-production
techniques from Motorola, RCA, and Texas Instruments,
thinks that this figure can be reduced to amere 81¢/w
by 1986 if plants can be built that can produce 5 to
30 mw of cells annually. Task 4 of the LSA project
therefore aims to identify, develop, and demonstrate the
feasibility of those processes that can be automated and
incorporated into amass-production sequence.
In September 1977, Task 4went into phase 2, process
development. Since then, nine firms have been busy
refining their concepts of what the solar-cell production
line of the future (Fig. 5) should look like. Included
among them are such semiconductor giants as Motorola,
RCA, and Texas Instruments, as well as commercial cell
suppliers Solarex, Spectrolab Inc., Sylmar, Calif., and
Sensor Technology Inc., Chatsworth, Calif.
All the phase 2contractors report that JPL has made
their difficult task alot easier by developing Samics, the
Solar Array Manufacturing Industry Costing Standards
computer program. To use it, they phone in their preliminary cost estimate for any step in the process and
receive back a detailed analysis, in cents per watt, of
what the computer thinks that step will add to the price
of afinished array.
JPL itself has used Samics to model a factory of the
future, which it calls a "strawman" factory. Results
indicate that solar cells with 12% to 14% efficiencies and
priced at 56¢ to 69¢/w could be manufactured in such a
factory having acapacity of 50 to 250 mw annually.
In the future, Task 4work will focus on replacing two
techniques used to form semiconductor junctions: diffusion of impurities and furnace annealing. Their replacements, ion implantation and laser- or electron-beam
annealing, seem promising ways of cutting manufacturing costs, but only if their throughputs can be scaled up.
Spire Corp., Bedford, Mass., has already developed a
100-milliampere ion implanter that, according to
Samics, should add no more than apenny to the cost of a
1-watt cell.
Meanwhile, overseas cell producers are improving
their production processes. In France, the Centre de
Recherches Nucléaires in Strasbourg has been working
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5. Factory of the future? Once the size of the market for photovoltaics justifies it, companies will begin to mass-produce solar-cell
arrays. This typical processing sequence employs ion implantation,
rather than diffusion, of impurities to form the cell junctions.

with RTC-La Radiotechnique Compélec, which is based
in Paris and is a leading European supplier of singlecrystal arrays. Together they are developing atechnique
that uses pulsed lasers to improve the diffusion of phosphorus into p-type substrates.
Another French supplier looking into low-cost diffusion techniques is Laboratoires d'Electronique et de
Physique Appliquée (LEP), based in Limeil-Brévannes.
LEP is depositing indium-tin-oxide (Im) layers on
wafers, and then forming pn junctions with a hightemperature diffusion process. The ITO layers then serve
as both electrodes and antireflective coatings.
Poly looks promising
Rather than grow expensive, 0.1-to-0.2 mm-thick
single-crystal silicon sheets for solar cells, several companies are investigating placing 20-to-30-micrometer-thick
films of polycrystalline silicon on low-cost substrates like
graphite. Today, research efforts are focusing on increasing the efficiency of such cells by orienting their crystalline grains vertically, perpendicular to the substrate.
This minimizes recombination losses of photogenerated
charge carriers, but requires that the grains be at least
100 eim on aside to maximize absorption.
Two firms that seem to have solved the problem are
Solarex Corp. and Heliotronic GmbH [Electronics, Oct.
26, 1978, p. 68]. Both cast the material for their cells
into bricks, a technique that requires less energy than
Czochralski crystal growth, has a higher throughput,
and lends itself better to automation.
Solarex, which also produces single-crystal silicon
arrays, has already set up aproduction subsidiary, Semix
Inc., near its headquarters in Rockville, Md. Within a
year, Semix should be ready to make 15%-efficient,
10-by-10-cm semicrystalline cells for $4 to $6/w.
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6. Poly panel. German technicians check the performance of an array of polysilicon solar cells. The finished array, made by AEG-Telefunken
from semicrystalline wafers cast by Wacker-Chemitronic's lieliotronic subsidiary, comprises 180 5-by-5-cm cells that are 10%-efficient.

Heliotronic, the Burghausen subsidiary of WackerChemitronic GmbH, will produce an inexpensive, fibrous
polycrystalline material called Silso, which AEG-Telefunken, Europe's leading supplier of solar cells for space
vehicles, will then turn into finished arrays (Fig. 6). Now
supplying samples of 10-by-10-cm wafers with efficiencies greater than 10%, Heliotronic hopes to cut prices to
25e/w within five to eight years by boosting volume.
Elsewhere, work on polysilicon cells remains still in
the research stage:
• At Southern Methodist University in Dallas, Texas,
chemical-vapor deposition has been used to grow thin
films of silicon on recrystallized metallurgical-grade
polysilicon substrates. To date, this process has yielded
9-cm 2cells with efficiencies of 9.5%.
• Motorola in Phoenix uses electron beams to deposit
thin polysilicon films on temporary substrates of molybdenum and tungsten. By thermal-shear techniques, it
then separates large-area (3.8-by-4.5-cm) films from the
substrates and recrystallizes them using lasers.
• In France, LEP deposits polycrystalline-silicon layers
on carbon ribbons by pulling the ribbons through zones
of molten silicon. However, it is still unsure whether this
process will be feasible on an industrial scale.
If single-crystal and polycrystalline silicon are favorites in the solar-cell materials derby, amorphous silicon,
which has no crystalline structure at all, is a sleeper.
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That is because, in the words of Donald Feucht, manager
of SERI'S Photovoltaic Program office, "amorphous silicon might in the long run be the ultimate low-cost
photovoltaic material."
Crystallizing the amorphous future
A relatively new semiconductor material, amorphous
silicon has optical and electrical properties that are far
different from those of crystalline silicon. For one, amorphous silicon is a strong absorber of light. Cells made
from it need be only 1um thick, which spells savings in
material costs and processing times. And its amorphous
structure makes it insensitive to the substrate on which it
is deposited, allowing the use of inexpensive materials
like glass or plastic.
But, unfortunately, today's amorphous-silicon cells are
notoriously inefficient. Despite estimates that conversion
efficiencies as high as 15% are possible, the highest
reported to date is 6%, by RCA Labs in Princeton, N. J.
RCA produces its amorphous cells, which include
metal Schottky barriers on their tops, by using aglowdischarge technique and introducing hydrogen during
deposition. Although details of the mechanism are not
well understood, the hydrogen atoms apparently attach
themselves to the silicon atoms' broken covalent bonds,
which are characteristic of any amorphous substance.
Thus they reduce recombination of photogenerated
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carriers that would otherwise occur at those sites.
Today, amorphous-silicon researchers are focusing on
two ways to boost conversion efficiency. One is the
addition of gases other than hydrogen during deposition
to further reduce entrapment of carriers by dangling
bonds. A notable proponent of this approach is Stanford
Ovshinsky of Energy Conversion Devices Inc., who has
used fluorine as a process modifier. Incidentally,
Ovshinsky's work recently attracted the attention of
Arco Solar Inc., Chatsworth, Calif., an oil-company—backed supplier of single-crystal silicon arrays. Arco
Solar has agreed to pay $3.3 million to the Troy, Mich.,
firm for a nonexclusive license to develop Ovshinsky's
technology into amarketable product.
The other efficiency-raising technique is rf sputtering,
an alternative to glow-discharge that is well understood
and adaptable to automation. Among the researchers in
this camp is the Department of Electrical Engineering at
the University of Sheffield in Great Britain.
The UK has another proponent of amorphous silicon
in Walter E. Spear of Dundee University. Spear's group
is now achieving efficiencies of 5%, but he cautions that
their work should still be considered experimental
because scaling up has yet to be tackled.
Spear also has his own idea of why RCA'S progress has
not been equalled by other laboratories. "RCA's Schott-

eme
Ammer/as TO
Silicon is not the sole source of solar cells. Many combinations of dissimilar materials, called heterojunctions,
and even differently doped layers of the same material,
called homojunctions, also exhibit the photovoltaic effect
to varying degrees.
Cadmium- sulfide (CdS), for instance, when joined to
one of several other materials, forms asolar cell with a
theoretical conversion efficiency as high as 16% — and
with the potential for low-cost production. Like amorphous silicon, CdS is astrong absorber of light, so that
productive cells as thin as 8 micrometers can be made
from very little material. But, also like amorphous silicon, most of today's CdS cells generally fall far short of
theoretical conversion efficiencies.
An exception is acell based on cadmium sulfide and
cuprous sulfide (Fig. 7). CdS/Cu 2S cells have attained
efficiencies greater than 9%, and several organizations
say 14% to 16% looks possible. What's more, these same
researchers predict that techniques borrowed from the
chemical process industry will make it possible to
produce such cells for 100 to 30st/w by 1990.
The two organizations that continue to do the best
work with cadmium sulfide are the Institute of Energy
Conversion, an independent development group set up at
the University of Delaware at Newark, and the University of Stuttgart in West Germany.
Last June, WC director Allan M. Barnett announced
he had reached 9.15% efficiency. He also shocked some
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ky-barrier diodes are but afraction of asquare millimeter in size," he says. He also argues that the metal
electrodes in Schottky-barrier diodes absorb 75% of the
incident light, so such devices can never attain maximum
theoretical efficiencies.
Work in Japan
However, low efficiency is not stopping the Japanese
from getting on the amorphous bandwagon. Sanyo Electric Co., for example, intends to put amorphous-silicon
cells in consumer products like digital clocks and desktop
calculators by the spring of 1980. Although its parts
convert only 2.5% of the energy from afluorescent lamp
into electricity, the Osaka City—based firm claims that
they already are on apar with single-crystal-silicon cells
for cost-effectiveness. Eventually, Sanyo hopes to slash
production costs to 1% of what it now costs to make a
single-crystal cell.
A second Japanese company high on amorphous silicon is Fuji Electric Co., another nonparticipant in its
country's Sunshine project. Fuji has developed 7-by7-cm amorphous-silicon cells that are four times the area
of Sanyo's, but comparable in efficiency (2%). Its
Schottky-barrier prototypes contain two layers of amorphous silicon, with different percentages of impurities,
that rest on astainless-steel substrate.
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7. Two in ono. This cadmium-sulfide/cuprous-sulfide heterojunction
is typical of thin-film photovoltaic cells. It is made up of two active
layers: an absorber-generator, and acollector-converter that have a
matching lattice structure but opposite conductivity.
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8. Continuous CdS. Pilot production process for CdS/Cu 2S solar cells includes five basic steps that build the device from bottom to top.
Analyses show continuous production of 10%-efficient cells becomes cheaper than batch processing once annual output exceeds 20 MW.

silicon specialists by predicting that thin-film CdS/Cu 2S
cells could be selling for 350/w as early as 1982, easily
beating DOE'S 1986 price goal of 700/w [Electronics,
June 22, 1978, p. 42]. Barnett expects to pass 10%
"within a year" by adding zinc, in concentrations of
about 25%, to the cadmium sublattice. The zinc reduces
the mismatch between the CdS and Cu 2S lattices and
raises the cell's open-circuit voltage.
Meanwhile, the Institute is slowly lining up five independent companies to license its CdS technology and set
up pilot-production plants based on the process shown in
Fig. 8. SES Inc., a Shell Oil subsidiary also located in
Newark, Del., already reports limited production of
6.5%-efficient CdS/Cu 2S cells from a plant, still under
construction, scheduled eventually to produce 1him of
cells per year.
Another firm setting up a CdS pilot plant is Photon
Power Inc. of El Paso, Texas. Photon Power is also
working with Libbey-Owens-Ford on ways to feed a
glass-manufacturing plant's output directly into the cell
production line as the CdS cell substrate, in order to
slash prices to 50 to 150/w. Its major challenge is to
speed up cell production from its present 2-cm/min rate
to the 20 cm/min of the float-glass facility.
The University of Stuttgart also has set up a small
production line and now makes 7-by-7-cm CdS/Cu 2S
cells that are 6.7%-efficient. Stuttgart produces its cells
by evaporating a CdS film onto a glass substrate,
dipping the film in acuprous-chloride solution for afew
seconds, and then encapsulating the cell between glass
plates. (In contrast, IEC creates its junctions on ametal
substrate by reacting evaporated CuCI with CdS.)
German scientists are now investigating the use of reactive-sputtering techniques to improve control of the CdS
and Cu 2S depositions, .as are groups in California at
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Lockheed's Palo Alto Research Laboratories and
Lawrence Livermore Laboratories.
One other CdS-based cell that shows promise is the
heterojunction of cadmium sulfide and copper indium
selenium. With SERI funding, Sperry Univac's Defense
Systems division in St. Paul, Minn., and Boeing Aerospace Corp. in Seattle, Wash., are both trying to develop
aCdS/CuInSe 2cell that is at least 4cm 2in area and has
aminimum conversion efficiency of 8%.
Market acceptance of any CdS-based cell will require
careful attention to its handling and encapsulation, since
cadmium is a toxic substance that could contaminate
personnel and the environment. That is not seen as an
insurmountable problem, however, nor is the fact that
cadmium is not as abundant as silicon. Domestic supplies
of cadmium will be sufficient to supply annual production rates greater than several thousand megawatts
through the end of the century, but production beyond
that level could cause shortages.
Concentrating on gallium arsenide
Another promising type of solar cell utilizes gallium
arsenide. GaAs devices are more expensive to manufacture than single-crystal silicon cells, and they also
contain atoxic substance (arsenic), but they absorb light
even better. Single-crystal GaAs cells hold the record for
photovoltaic efficiency-26%, with single-crystal silicon
in second place at 22%.
One way to offset gallium arsenide's high cost is to use
small cells and concentrate sunlight on them through
lenses and mirrors. Unlike silicon cells, whose efficiencies deteriorate rapidly at the high temperatures
produced by concentration, the theoretical maximum
conversion efficiency of gallium-arsenide cells remains
fairly constant as temperatures rise: it is still 20% at
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100°C. This property of gallium arsenide makes it the
focus of research into the use of concentrated-sunlight
conversion systems (see p. 117) at central power stations,
which would be better equipped to maintain them than
ordinary consumers.
An alternative approach is to make GaAs cells cheap
and efficient enough to use in direct sunlight. Virtually
all research in this area is on thin-film polycrystalline
GaAs cells that, although only 1or 2µm thick, have a
theoretical conversion efficiency of 16%. Three types are
currently being developed: GaAs metal-insulator-semiconductor (mis), or Schottky-barrier, cells; GaAs homojunctions topped by a window of gallium aluminum
arsenide; and GaAs shallow homojunctions. All have the
same aim: to raise conversion efficiency by reducing the
heavy losses of light-generated charge carriers that are
caused by recombination at dangling covalent bonds in
the thin molecular layer at the top of the cell where
photons are absorbed.
Research into GaAs mis cells is being conducted at
JPL, at Southern Methodist University in Dallas, and at
Rockwell International Corp.'s Science Research Center
in Thousand Oaks, Calif. JPL, shooting for goals of 15%
and 70¢/W, is growing p-type GaAs thin films epitaxially on substrates made by vapor-depositing germanium
layers on coated steel and then recrystallizing those
layers with a laser beam. At smu, large-area (9-cm 2)
thin films of GaAs deposited on cheap graphite
substrates have demonstrated efficiencies of 6.7%. Rockwell is concentrating on developing liquid-phase molecular-beam epitaxy growth of thin GaAs films, also on
low-cost substrates. Funding for Rockwell's efforts
comes largely from a year-old DOE contract for $1
million that allows the firm to subcontract a portion of
its laboratory work to four universities [Electronics, May
11, 1978, p. 50].
Rockwell is also looking into heterojunctions of GaAs
topped by a thin layer of p-type gallium aluminum
arsenide (GaAlAs). Transparent to virtually the entire
solar spectrum, the GaAlAs layer has alattice structure
that closely matches that of GaAs and so reduces recombination losses. Although single-crystal cells of this type
have shown efficiencies as high as. 22%, the thinness of
polycrystalline structures permits dopants to diffuse so
rapidly through the cell that they soon short-circuit it.
The search for slower-diffusing dopants, alternative cell
structures, and new deposition techniques is continuing
both at Rockwell's Science Center and at its headquarters in Anaheim, Calif.
Shallow GaAs homojunctions are the subject of development work at the Massachusetts Institute of Technology's Lincoln Laboratory in Lexington. There, researchers dope three layers of GaAs with different impurity
levels (Fig. 9). This structure has demonstrated efficiencies as high as 20%. It has low losses because photons
bypass the many recombination centers in the shallow
(0.1-µm-thick) n+ upper layer and instead are absorbed
in the p-type layer beneath it.
MIT'S shallow-homojunction structure has a transparent top layer of indium tin oxide (ITO) that reduces both
resistance and reflectance losses. One organization bent
on improving ITO growth techniques is the Engineering
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9. Fooling photons. This 20%-efficient shallow-homojunction cell
comprises three layers of GaAs that are doped at different impurity

levels. Photons pass through the thin top layer so quickly that few are
lost; instead, they are absorbed in the thicker layer beneath it.

Center at Rensselaer Polytechnic Institute in Troy,
N. Y. Researchers at RPI are now comparing two ways
to grow ITO layers: chemical-vapor deposition and rf
sputtering. Also rumored to be working on development
of GaAs cells are researchers in the Soviet Union.
Advancing the frontiers of solar technology
One aspect of photovoltaic development on which all
experts agree is the need for diversity. Although
advanced cells based on single-crystal, polycrystalline,
and amorphous silicon, cadmium sulfide, and gallium
arsenide now can be considered the front runners in the
race to meet short-term goals, long-term planners stress
that simultaneous exploration of virgin technical territory is vital, to identify options that could be turned to
should unforseen roadblocks halt progress in a thus-far
promising technology.
Indicative of American commitment to this philosophy
is the dramatic increase in the budget of SERI'S advanced
R&D program—from $6 million to $7 million in fiscal
1978, to $13.5 million in fiscal 1979, to arequested $47
million for fiscal 1980. In addition, in May 1978 President Carter infused another $22 million into advanced
R&D during fiscal 1979. According to Donald Feucht,
who heads DOE'S advanced R&D lead center at SERI, the
bulk of the $22 million is supporting additional projects
on amorphous silicon and new solar cell materials that
he labels high-risk—those that may or may not develop
into cost-effective technology. Scientists overseas are
also pursuing new cells aggressively, as the following
roundup of advanced R&D activities in the U. S. and
outside it shows:
• Metal-insulator-semicondudtor (mis) cells using silicon. MIS, or Schottky-barrier, solar cells have theoretically high conversion efficiencies because they lack a
heavily doped surface layer where recombination losses
can occur. Furthermore, they can be processed at
temperatures below 500°C, which increases their longterm stability. Those characteristics give mis cells based
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• Cadmium telluride. Among those studying deposition
of CdTe solar cells are Monosolar Inc., Santa Monica,
Calif., and Battelle Institut in Frankfurt, West Germany. Monosolar has produced 4%-efficient, 3-by-3-cm
cells by electrochemically depositing CdTe films 0.1 to
0.2 1.tm thick on no-coated glass; its eventual goal is to
produce 10%-efficient, foot-square cells for under
20¢/w. Battelle, aiming at concentrator applications,
deposits layers of zinc telluride and cadmium-sulfide on
slices of crystalline CdTe and is looking at alternate
layers as well.
• Cuprous oxide. Cu 2O solar cells could be very inexpensive to produce because they can be made by oxidizing copper, acheap and abundant metal. They also have
theoretical maximum efficiencies of 13%. Today, several
groups are working to better their understanding of
cuprous oxide's basic energy-conversion mechanism. For
instance, at the University of Washington's Joint Center
10. Efficiency down under. To build this 17%-efficient MIS solar
for Graduate Study in Seattle, Larry Olsen has
cell, Australian researchers first evaporate an aluminum contact onto
extracted 1% efficiency from Cu/Cu 2O Schottky-barrier
the back of a p-type polysilicon wafer, then sinter the wafer in
cells, while Kernforschungsanlage Jülich in West
nitrogen. This produces the thin oxide layer on top of the wafer. The
Germany reports similar performance from thin-film
final steps are evaporations of the top contact and the antireflection
Cu 2O cells made by partially oxidizing copper foils. Also
coating. The latter step induces the re inversion layer shown.
working with Cu 2O is agroup at Wayne State University in Detroit, Mich.
either on single-crystal or polycrystalline silicon the • Cadmium selenide. The Battelle Institut in Frankfurt
potential for low-cost manufacture.
hopes to double the 5% efficiency of its CdSe MIS cells
Researchers at the School of Electrical Engineering at to 10% and is also investigating alternatives to ZnSe as
Australia's University of New South Wales in Kensing- the insulating layer.
ton recently reported achieving 17.6% conversion effi- • no/indium phosphide and no/GaAs. Researchers at
ciency from a 3-cm 2 polycrystalline-silicon cell with the Bell Laboratories in Murray Hill, N. J., have made
structure shown in Fig. 10. Worth noting is the n+
14.4%- and 12%-efficient solar cells by placing amorinversion layer, induced by the silicon-oxide coating, that phous and polycrystalline ITO films on single-crystal InP
improves carrier-collection efficiency. Also attractive is and GaAs substrates, respectively. Deposition techniques
the cell's open-circuit voltage of 655 mv —the highest that have been tried include ion-beam deposition, rf
obtained from any silicon cell to date. The university's sputtering, and magnetron sputtering. Although such
Martin A. Green expects to reach 20% efficiency by the cells are still relatively inefficient, Bell Labs reports that
end of the year.
they are easy to make and so potentially low-cost.
Two other universities working on mis silicon cells are • Zinc phosphide. The Institute of Energy Conversion at
Rutgers, in its electrical engineering department in the University of Delaware in Newark has produced
Piscataway, N. J., and the University of Konstanz in single-crystal and thin-film p-type Zn 3P2 cells by vacuWest Germany. Rutgers reports having built both um evaporation techniques. LEC is now investigating
12.5%-efficient single-crystal-silicon cells that are 2 ways to boost the efficiency of its magnesium-based
centimeters square and 8.8%-efficient cells based on Schottky-barrier Zn 3P2devices from their present 6%.
Wacker-Chemitronic's Silso semicrystalline silicon ma- • Electrochemical cells. A new program at SERI, electerial. The University of Konstanz is now testing poly- trochemical cell development, will soon begin at several
crystalline n- and p-type mis silicon cells fabricated on of adozen companies now negotiating contracts. Electroseveral different metallic substrates.
chemical cells with single-crystal-silicon electrodes
• Tin-oxide/silicon heterojunctions. At the Government immersed in an electrolyte have already demonstrated
Research Laboratories of Exxon Corp.'s Research and conversion efficiencies of 8% to 10%. Future work will
Engineering Co. in Linden, N. J., electron-beam and investigate the use and stability of low-cost polycrystalspray-deposition techniques are being used to make low- line and amorphous-silicon electrodes.
cost, high-efficiency heterostructures of tin oxide (SnO)
One such system is now being developed by Texas
and silicon and indium tin oxide (no) and silicon. Now Instruments Inc. Backed by DOE to the tune of $14
reporting efficiencies of 12.24% for Sn02/single-crystal million over the next four years, the Dallas firm hopes to
silicon and 10% for no/single-crystal silicon and demonstrate the commercial feasibility of aphotovoltaic
Sn0 2/polycrystalline silicon, the Exxon group hopes to fuel cell. The key to the system on which it is working is
approach the theoretical efficiency of 20% and reduce the immersion of inexpensive silicon droplets in the
production costs within DOE'S timetable. Also investigat- electrolyte. When sunlight hits the droplets, they genering no/Si and oxide-semiconductor-on-silicon (OSOS) ate acurrent that extracts hydrogen from the electrolyte;
solar cells is a group at Colorado State University's the hydrogen then is stored and used to charge afuel cell
electrical engineering department in Fort Collins.
that generates electricity when needed.
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concermAro& eteraPis
El One way to reduce the cost of power from aphotovoltaic system is to use fewer expensive solar cells in the
array, but equip them with a low-cost optical system to
focus and intensify the sunlight reaching them. Over the
last few years, this idea has been refined until today's
concentrator systems stand an excellent chance of beating flat-panel (nonconcentrating) arrays to the Department of Energy's goal of $2.80/w by 1982. In fact, DoE
last year asked eight industrial firms for their cost
estimates for such systems. Their replies were unanimous: each said that using today's technology —12%efficient cells in aconcentrator system with 10% overall
efficiency—it could attain the 1982 goal now, if its sales
were on the order of 10 mw per year.
Although market expansion alone should enable the
technology to reach the 1982 goal, considerable technical advances are still needed before it can attain DoE's
1986 goal of 70¢/w. Today, several firms are under
contract to Sandia Laboratories, which coordinates
DOE'S concentrator efforts. All are working to lower the
cost and raise the efficiency of concentrators' two basic
components: solar cells that can work under intense
illumination and optical systems that concentrate
sunlight on them.
The types of solar cells being considered for use in
concentrators are: silicon, gallium arsenide, and socalled multi-bandgap cells. In all three cases, high efficiency breeds cost-effectiveness because an increase in
performance—a greater output current for the same
light intensity—leads directly to areduction in the area
that must be covered by the magnifying optics.
Gallium-arsenide cells require few design changes to be
efficient at high concentration ratios, but special fabrication techniques are needed to maintain the efficiency of
silicon cells when they are irradiated by the equivalent of
more than 100 suns (Fig. 11).

when illuminated at anywhere from 20 to 250 suns.
Among the leaders in developing such cells are: Optical
Coating Laboratory Inc.'s Photoelectronics division,
City of Industry, Calif.; Motorola Inc.'s Solar Operations Group, Phoenix, Ariz.; Solarex Corp., Rockville,
Md.; RCA Laboratories, Princeton, N. J.; Sandia Laboratories, Albuquerque, N. M.; General Electric Co.'s
Space Systems Operations, Philadelphia, Pa.; and SGSATEs Componenti Elettronici SPA, Milan, Italy. All
produce large-area (typically 2-by-5-cm) cells that
require cooling at high temperatures produced by
concentration.
For gallium-arsenide cells, efficiency is not as much of
aproblem at high concentration ratios, since GaAs cells
have a negative temperature coefficient of efficiency as
small as 0.25% per °C increase in temperature. Especially promising for concentrator applications are heterojunctions of GaAs and GaAlAs. Those structures, which
can be as small as 1 square centimeter, have demonstrated conversion efficiencies as high as 22% at concentration ratios of 1,000:1. Among the firms developing
GaAs-based cells for concentrators are Hughes Aircraft
Co.'s Research Laboratories in Malibu, Calif.; Varian
Associates Inc. in Palo Alto, Calif.; Rockwell International Corp.'s Research Center in Thousand Oaks,
Calif.; and Italy's SOs-ATEs.
Splitting sunbeams
Rather than use its GaAs cells alone in aconcentrator
system, Varian instead teams them with silicon cells in
what is called amulti-bandgap arrangement [Electronics,
July 20, 1978, p. 42]. Since silicon and gallium-arsenide
cells are most efficient when illuminated by light of
different wavelengths, Varian uses a dichroic filter to

It was once thought that silicon cells would be ineffective at concentration ratios higher than 10 to 20 suns.
Today, however, opinions have changed. Specially
designed silicon cells have demonstrated conversion efficiencies as high as 14% at up to 1,000-sun intensities.
Such silicon cells are quite different from those intended
for flat-panel arrays. Their substrate resistivity is lower
to minimize voltage drops at high temperatur.es, they
have extra layers that are heavily doped to reduce ohmic
losses, and their front-electrode grid patterns are finer,
to enable them to handle the increased currents
produced by concentrated sunlight.
Microwave Associates Inc., Burlington, Mass., now
holds the record for conversion efficiency of asilicon cell
operating under concentration: 20% at 600 suns. Several
other firms also have designed silicon concentrator cells
that have peak efficiencies ranging from 14% to 18%
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11. Some don't like it hot. Short-circuit current and conversion
efficiency of silicon cells increase linearly at concentration ratios up
to 40: 1, but fall off at higher intensities. Reason: the currents induce
internal voltage drops that lower cell output voltage.
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12. Adaptable. Acurex Corp. has modified its parabolic-trough concentrator, normally used with solar heaters, to accommodate
photovoltaics. The new receiver, which runs along the focus of the parabola, holds two adjacent rows of cells that are cooled by water.

split light of 165-sun intensity into high- and low-energy
bands. The high-energy beam hits a 20%-efficient
GaAlAs heterojunction and the low-energy beam strikes
a 16%-efficient silicon cell, making total cell efficiency
31.4% and net system efficiency 28.5%, including optical
losses. Varian hopes to boost the system's conversion
efficiency to 35% and the concentration ratio to 500:1
by improving the cells and the optics.
Another firm with the same idea but a different
approach is Research Triangle Institute, Research
Triangle Park, N. C. RT1 sandwiches two cells with
different spectral sensitivities in asingle package, eliminating the need for a filter. The top cell absorbs the
high-energy photons in the concentrated light and transmits the photons with lower energies to the cell on the
bottom. To date, RTI has exceeded 25% efficiency with
this cell and sees 35% as an eventual goal.

line parallel to its axis (Fig. 12). One 10-kw design, by
Spectrolab Inc., Sylmar, Calif., comprises a number of
troughs mounted in rows on a large turntable that
permits azimuthal (horizontal) tracking of the sun. A
single drive mechanism provides elevational tracking by
pivoting all the troughs together about horizontal beams.
Martin-Marietta Corp., Denver, Colo., has built a
3.3-kw array that uses point-focusing, acrylic Fresnel
lenses to concentrate 40-sun light on each of 272 silicon
cells that are packaged as four-cell modules. Three of
these arrays, which also track the sun about two axes,
have been delivered to Sandia for evaluation. Other
organizations working to reduce the cost of Fresnel-lens
concentrators, and of the lenses themselves, are RcA's
David Sarnoff Research Center, Princeton, N. J., and
Swedlow Inc., Garden Grove, Calif.
Aware of the role that market expansion must play in
reducing the cost of concentrators, Sandia and DOE'S
It's all done with mirrors
Albuquerque office have planned their deployment into
Besides developing cheaper, more efficient concentra- the field to demonstrate their effectiveness and gain
tor cells, Sandia is funding several projects aimed at valuable operating experience. Phase 1 of the plan,
reducing the cost of the optical systems that concentrate which is called the Photovoltaic Concentrator Applicasunlight on them. Their contractors are taking three tions Experiments, ended this February. During Phase 1,
17 contractors were selected to submit detailed designs
approaches: adapting solar-heating concentrators, designing optical systems specifically for photovoltaics, and and budgets for proposed concentrator systems. Of these
investigating any advanced concepts that seem to have
17, five were chosen to continue into Phase 2, which is
termed System Fabrication:
low-cost potential.
Solar-thermal concentrator systems are now available • General Electric Co.'s Space Systems Operation, Philcommercially, and they are relatively simple to modify to adelphia, Pa., for a $3.4 million, 110-kw, parabolicaccommodate photovoltaic cells, rather than thermal trough system that will ultimately be installed at Sea
collectors. One such adaptation, by Acurex Corp., World in Orlando, Fla.
Mountain View, Calif., is shown in Fig. 12. Acurex • Arizona Public Service Co., a Phoenix-based public
changed the water-carrying receiver element of its para- utility, for a $6.5 million, 283-kw, Cassegrain-optics
bolic-trough concentrator into a tube that is square in systems that will power that city's Sky Harbor Internacross section and holds two rows of silicon cells. The tional Airport.
• E-Systems Inc., Dallas, Texas, for a$650,000, 27-kw,
9%-efficient system uses 13%-efficient cells.
Of the optical-system designs that contractors have Fresnel-lens system that will provide electricity and heat
conceived from the ground up specifically for photovol- to Dallas-Fort Worth's airport.
taic arrays, two look most promising: parabolic troughs • BDM Corp., Albuquerque, N. M., for a $1.1 million,
42-kw, reflective-trough system to power an office buildand Fresnel lenses.
A parabolic trough focuses incident sunlight along a ing in Albuquerque.
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photons at different wavelengths. The system need not track the sun, as the dyes are
sensitive to light incident at any angle.

• Acurex Corp., Mountain View, Calif., for a $1.4
million reflective-glass dish system to be installed at a
hospital in Kauai, Hawaii.
All of the above systems use silicon cells that are
cooled by air or water. Installation should take about a
year, so all five projects should be operational by mid1980. Phase 3, Operation and Evaluation, will follow
immediately and last up to two years. Significantly,
Sandia hopes that all five systems will reduce purchases
of electricity to the extent that they will pay for themselves by 1986.
Concentrators of the future
While Sandia expects market growth and applications
experiments to help drive the costs of concentrator technology below $2.80/w by 1982, it recognizes that
further reductions in cost will be difficult without the
help of innovative technology. Therefore, it is also backing the development of four advanced concepts that hold
promise for attaining DOE'S 1986 goal of 700/W. They
are atwo-dimensional compound parabolic concentrator,
a headlamp-type concentrator, an air-pressure-supported, abubble-enclosed film concentrator, and aluminescent concentrator.
The two-dimensional concentrator under development
at Sun Trac Corp., Wheeling, Ill., has two attractive
features: a high concentration ratio (115:1), which
allows the use of less efficient cells; and ahigh tolerance
for tracking errors, which allows the use of aless expensive tracking system. The headlamp-type concentrator
now being examined by Acurex Corp. could be inexpensive, as it could eventually roll off the high-volume
assembly lines of automotive sealed-beam headlamps.
The air-pressure—supported, bubble-enclosed film concentrator now being developed by Boeing Co., Seattle,
Wash., is both light and strong. Its concentrating reflector is a lightweight parabolic film formed in a vacuum
and mounted on a lightweight tracking structure. The
assembly is enclosed in an air-supported bubble that
protects it from the environment.
Perhaps the most innovative of the four advanced
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concepts is the luminescent solar collector under joint
development at Owens-Illinois Inc., Toledo, Ohio, and
the California Institute of Technology, Pasadena, Calif.
It comprises aglass or plastic sheet doped with luminescent dyes that are sensitive only to light in narrow
frequency bands (Fig. 13). The dye molecules absorb
sunlight and reradiate it at different wavelengths in
many directions. Some of that light is reflected, becomes
trapped within the sheet because the dyes cannot reabsorb it, and eventually bounces down the sheet to a
photocell at its edge.
The most attractive feature of this system, aside from
its 60% to 70% theoretical efficiency, is that it need not
track the sun, since the dyes absorb light incident at any
angle. At present, researchers are identifying dyes that
have both long-term stability in sunlight and the correct
absorption and reemission characteristics. Early results
are promising, and projections are that this system may
eventually cost as little as 63¢/w.
Thermophotovoltaics
Another advanced concept based on reradiation, but
whose development is not supported by Sandia, is thermophotovoltaic conversion. This approach concentrates
sunlight to heat a radiator to incandescence at about
2,000°C. The radiator then beams its own light, at longer
wavelengths than those from the sun, onto a specially
designed silicon cell that converts it into electricity at,
40% efficiency. The cell also reflects unabsorbed light
back to the radiator, maintaining its temperature.
Assuming optical losses, such asystem has atheoretical conversion efficiency of 35% to 40%. To date, Stanford University's Electronics Laboratories in Stanford,
Calif., which is developing the concept with funding
from the Electric Power Research Institute (EPRI) in
Palo Alto, Calif., has achieved 26% efficiency, using an
artificially heated radiator. By the end of the year, EPRI,
which is totally funded by the U. S. utility industry, will
have spent $650,000 over the last three years on cell
development work at Stanford and $200,000 for optical
and thermal R&D at various other contractors.
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Despite the richness and diversity of Governmentsponsored research and development on lower-cost of
solar cells and concentrator systems, years will pass
before those efforts begin to bear fruit. Only then will
the market for photovoltaics expand beyond remotepower applications, in which they now serve, to larger
markets like residences, commercial buildings, industrial
plants, and utilities.
Before photovoltaic systems can begin to penetrate
new markets, however, attention must be focused not
only on reducing the cost of arrays but also on developing reliable, low-cost ancillary equipment to connect
them to awide variety of alternating-current loads. DOE
recently recognized the eventual need for such equipment, which it calls balance-of-systems hardware, and
now plans to devote agreater share of its 1980 budget to
its development. Generally, balance-of-systems hardware comprises two categories of equipment: powerconditioning units and energy-storage devices.
All power-conditioning units contain an inverter,

which converts the direct-current power from photovoltaic arrays into clean, alternating-current power
required by ac loads. Although awide range of inverters
is available commercially today, most of them are inefficient when used with photovoltaic systems because the
output voltage from solar-cell arrays varies significantly
during normal operation.
Power-conditioning units also must control and distribute the output of the array. For stand-alone systems
(those not backed up by a utility grid), control may
involve connecting and disconnecting the array to and
from the load at sunrise and sunset and during cloud
cover. If the system includes a storage battery, the
power-conditioning unit also must decide when to drive
the load or charge the battery.
For grid-connected systems, the power-conditioning
unit has additional duties. It must switch the load's
input-power lines between the array and the incoming
utility lines at the right times, matching impedances all
the while, and it must also synchronize the array's
output waveform with that of the utility when feeding
power back into the grid.
Clearly, power conditioners are complex equipment.
Recognizing this, Sandia Laboratories has funded the
development of two such units: an industrial device
designed by Westinghouse Electric Corp.'s Aerospace
Electronics divison, Lima, Ohio; and one, destined for
use in residences, that is now under development at
Abacus Controls Inc., Somerville, N. J.
Westinghouse's power conditioner provides up to 62.5
kilowatt-amperes of three-phase power at 440 v ac. It
includes a microprocessor that automatically synchronizes its output to utility lines and matches impedances
precisely. During acceptance tests at Sandia, the unit
succeeded in demonstrating an ac-dc conversion efficiency of 92% at full load.
Abacus Controls is at present developing a microprocessor-controlled, single-phase, split-1 10/220-v power
conditioner that the firm says will have a conversion
efficiency greater than 90%. It also says that ,the unit
will be priced at $150 to $200/kw and that it will be sold
commercially under the trade name Sunverter.
The storage story

14. Spinning reserve. MIT-Lincoln Lab's flywheel may someday
make batteries and power conditioners obsolete in consumer applications. Now being built as a 1: 10-scale model, the system, when
scaled up, could store enough energy to power ahome for aday.
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In photovoltaic systems where no backup supply is
available or desirable but where electricity is needed
around the clock, some of the energy produced by the
array during the day must be stored and then recovered
to drive the load at night and on cloudy days. Today,
conventional lead-acid and nickel-cadmium batteries are
the only storage options. However, those batteries are
expensive, inefficient, prone to rapid discharge, far from
maintenance-free, and relatively short-lived. Therefore,
DOE is now accelerating development of several
advanced energy storage concepts that, in the long run,
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Solar-power satellites to chase the clouds away/
If esoteric photovoltaic configurations like electrochemical
fuel cells and dye-doped plastic sheets seem like technology borrowed from Buck Rogers, just wait. The Department of Energy and the National Aeronautics and Space
Administration are together studying the feasibility of
orbiting a series of massive, miles-long satellites bearing
solar cells that would collect energy from the sun around
the clock and beam it back to earth in microwave form.
With $20 million to spend over three years, the solarpower satellite (SPS) project office within DOE's Office of
the Director of Energy Research is now identifying the
technical, economic, environmental, and social implications of such a plan [Electronics, April 27, 1978, p. 96].
According to project head Frederick A. Koomanoff, the
SPS concept as envisioned at present calls for 25 to 30
satellites to be launched and assembled in geosynchronous orbit by the end of the century.
Each satellite would measure about 18 by 5 kilometers
and produce 5 gigawatts of electricity from silicon or
gallium-arsenide cells, convert it into microwave energy,
and beam it back to earth at 2.45 gigahertz. On earth,
gigantic antennas 10 by 14 km in area would collect the

microwave energy, convert it into 60-hertz power, and
feed it into the nation's utility grid.
Koomanoff expects to have completed preliminary studies by June 1980. Then his group will publish their findings
and recommend whether or not the concept warrants
further detailed investigation. That next phase, he says,
might be funded by legislation, now pending in Congress,
that would appropriate $25 million for each year of subsequent research and development.
The SPS concept was first broached 10 years ago by
Peter Glaser, a vice president of Arthur D. Little Inc.,
Cambridge, Mass., and since then has slowly gathered
support not only in Congress, but in scientific circles as
well. Undaunted by detractors who call SPS a boondoggle, Glaser maintains that the estimated $500 billion it
would take to orbit the satellites "is not out of line with
estimates of $1 trillion to develop alternative U. S. energy
sources beyond oil and coal." As yet unanswered, however, are questions regarding defense of the satellites, the
effects of concentrated microwave energy on the earth
and its atmosphere, and what would happen if one of the
satellites were to fall to earth.

may prove both technically and economically feasible.
15,000 revolutions per minute during the day and
DoE's energy storage and photovoltaic programs are produce 60-Hz power during deceleration at night; and
separate, but they work closely together. Albert Land- electronically controlled active magnetic bearings to
grebe, who heads DOE'S division of energy storage, support the motor-generator and flywheel in a vacuum.
reports that, although the agency is only at the stage of Such a system, if installed in a pit beneath a garage,
defining the program, it already has a pretty good idea could store enough energy to power atypical home for at
of what it will be looking for.
least one day, and last 20 years with little maintenance.
According to Landgrebe, batteries designed to store
As to price, Millner claims that "on alife-cycle basis,
photovoltaic electricity should respond quickly when
flywheels will eventually cost less than today's
called upon, have along operating life, and, of course, be
batteries." He supports the prediction with preliminary
low-cost. Among the batteries with those characteristics cost analyses that show that, assuming reasonable reducthat DOE is now looking at are improved versions of tions in the current high price of flywheel materials and
lead-acid batteries, reduction-oxidation (redox) batthe creation of mass-production facilities for all system
teries, and zinc-bromine batteries. Landgrebe sees the components, the flywheel system could cost less than a
latter type as especially promising because they are combination battery-power conditioner as early as 1985.
fire-retardant and therefore agood choice for residential
Today, Millner is busy building an experimental
applications since consumers can not only use but also model one tenth the size of his proposed system, which is
maintain them safely.
shown schematically in Fig. 14. Assuming all goes well,
In fiscal year 1979, DOE is spending about $2.1 million
he hopes to scale up to a full-size prototype that may
on battery development and plans to boost funding to $5
even attract commercial interest.
million next year. But, despite those outlays, many
Present and future applications
solar-energy experts are skeptical that electrochemical
batteries can ever develop into aviable piece of balanceClearly, there's an abundance of R&D into reducing
of-systems hardware. Instead, they say, what is needed is
the future costs of photovoltaic cells and related equipan all-solid-state, maintenance-free unit that stores enerment. Even at today's prices of $10 to $15/w, however,
gy efficiently and at low cost.
solar cells are a growing business. More than a dozen
Alan R. Millner of miT's Lincoln Laboratory thinks companies now sell arrays of single-crystal-silicon cells
that he knows how to build such asystem. His idea: store
for a wide variety of applications. Although those applienergy in inertial rather than chemical form, in a cations remain ones in which a conventional power
flywheel spinning at high speed in avacuum. The key to source would be prohibitively expensive to install and
the system's potentially low price is not the flywheel
run, there is growing evidence that the market for photoitself, but rather its compatibility with power conditionvoltaics is beginning to expand.
ers that are cheaper than inverters.
To date, photovoltaics have served as reliable, mainteThe system that Millner envisions is huge. It would
nance-free, although small, power sources to remote
include: a6-foot-high, 14-foot-wide, 2-ton flywheel made
equipment like satellites, mountaintop microwave
of fiberglass or a similar material; a 95%-efficient dc
repeaters, railroad signals, and navigational buoys. Some
motor—ac generator to accelerate the flywheel to 7,500 to consumer products have been powered by solar cells, too,
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cells comprise the largest flat-plate array in the world, is
scheduled to take over from the site's existing diesel
engine late this year.
Eventually, when the cost of the photovoltaic systems
falls below $1/w, solar power will become an attractive
alternative to utility power purchased by consumers.
Then, solar cells will begin to show up on small commercial buildings, industrial plants, and perhaps even on
massive space satellites that would beam huge amounts
of photovoltaic power back to earth in microwave form
(see "Solar-power satellites to chase the clouds away?"
p. 121). But the hopes for future cost reductions depend
on continued international research and market expansion, and especially on timely achievement of the
module-price goals that DOE is shooting for.
DOE's report card

15. Sun-powered pump. This experimental pumping station near
Toulouse, France, moves 10 cubic meters of water each day. Built by
Compagnie Industrielle des Piles Electriques, it is powered by a
500-watt array of solar cells from RTC-La Radiotechnique Compélec.

but they have chiefly been novelties like battery chargers
for digital watches and calculators.
Now that array prices are falling below $10/w,
however, photovoltaics are beginning to compete with
diesel-electric generators for larger-sized (1-to-5kw), socalled intermediate-market applications — providing
power to villages in less developed countries, as well as
for outdoor lighting and rural pumps (Fig. 15). DOE,
through the Federal Photovoltaics Utilization Program,
is also helping to expand the intermediate market by
encouraging Government agencies, including the armed
forces, to buy photovoltaic arrays.
Three such Federally sponsored projects are notable
for their size. One is a60-kw installation that will power
the U. S. Air Force's Mount Laguna radar station near
San Diego, Calif. [Electronics, Jan. 19, 1978, p. 41]. This
system was designed and built by Delta Electronics
Corp., Irvine, Calif., asupplier of uninterruptible power
supplies for computer, medical, and military applications. Today, the site is ready and the system is on its
way from Irvine where it passed operational field tests
with flying colors.
The remaining two sizable Federal photovoltaics
installations are: a360-kw concentrator system that will
power and heat Mississippi County Community College
in Blytheville, Ark., beginning this fall [Electronics, June
22, 1978, p. 44]; and a 100-kw setup that will power the
visitors' center at Natural Bridges National Monument
in southeastern Utah. This system, whose 260,000 silicon
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Even assuming that some DOE contractors are reluctant to bite the hand that feeds them, a sampling of
contractors' opinions of DOE'S performance makes it
clear that, in the words of Donald Feucht, manager of
DOE'S R&D lead center at SERI, the department is "charting agood course". Even Robert Willis, president of tiny
Solenergy Corp., Wakefield, Mass., one of the few
commercial solar-cell suppliers that receives no Federal
money, agrees with DOE'S philosophy of simultaneous
R, D & D— research, development and demonstration.
Rather than fault DOE, many critics of the photovoltaics program instead blame the U. S. Congress, which
holds the program's purse strings, for its one serious
shortcoming—delays in funding. Those delays not only
slow technical progress, they often force layoffs of hardto-replace scientific and engineering specialists as well.
Indicative of Congress' influence is the fact that many
hold it responsible for stalling the growth of the entire
solar-energy industry during the 18-month period
between President Carter's unveiling of the National
Energy Act and its enactment. During that period, 3out
of 10 solar-energy companies, many of them small,
simply disappeared while potential customers waited for
Congressional approval of promised tax credits against
purchases of solar equipment.
Many also criticize the skimpiness of Federal support
for photovoltaics development; in fact, America's annual
budget for solar-cell R&D is roughly equal to what it now
spends each day on imports of foreign oil. Recently,
however, Washington has again begun to make louder
noises about its commitment to photovoltaics and solar
energy in general. Just last month, for example, President Carter announced the establishment of a financial
development bank that would, among other things,
provide low-interest loans for solar construction.
One remote possibility is adramatic increase in funding for the photovoltaics program. Although far from a
certainty at this point, such a crash program would
envision solar cells supplying as much as 25% of U. S.
electricity needs by the year 2000, a far cry from the
present 5% goal. According to Paul Maycock, who heads
the program, such acrash effort might accelerate DOE'S
timetable by two years.
D
A reprint of this special report costs $3.00 from Electronics Reprint Department. P. 0. Box
669, Hightstown, N. J. 08520. Copyright 1979, Electronic& aMcGraw-Hill publication.
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Paralleled slaves boost
throughput of minicomputers
Programmable general-purpose unit uses same instruction set
as intended host, allowing it to off-load software tasks
by Jerry Braun and George White,

Computer Automation Inc., Naked Mini Division, Irvine, Calif.

El With the price of minicomputers dropping and their
performance characteristics rising, parallel-processing
techniques are an increasingly economical way to
improve overall system performance. As noted in Part 1,
peripheral processing is the most practical approach for
applying parallel processing to existing minicomputers.
Because peripheral processors are added to a minicomputer's bus in the same way as a direct-memory-access
input/output (DMA uci) controller, they fit naturally
into existing minicomputer organizations.
Computer Automation's recently introduced 4/10S
slave processor (Fig. 1) generalizes the peripheralprocessing concept [Electronics, May 24, 1979, p. 202]. It
can be programmed by the user, in contrast to specialized 1/0 peripheral processors.
The general-purpose slave processors available cover a
broad performance range. Consequently, programming
may involve using elementary and difficult-to-write
microcode for a bit-slice machine, a standard microprocessor assembly language, or a more sophisticated and
therefore easier-to-use minicomputer instruction set.
The 4/10S is called a"slave" because it is completely
controlled by asingle Naked Mini host computer. Under
program control, the host may stop, interrupt, or reset
This is the second part of a two-part article on parallel
processing with minicomputers. Part I, which appeared in
the July 5 issue, page 125, examined the various parallelprocessing techniques and configurations currently in use.

any 4/10S. Slave processors cannot be used to create a
true multiprocessing system, but they can effectively
increase system throughput in many applications.
Whereas other slave computers have evolved from
smart 1/0 controllers and have elementary instruction
sets suitable for design engineers to program, the 4/10S
is a version of the 4/10 minicomputer. Thus, it has the
same architecture as the 4/10 and a superset of the
standard 4/10 instruction set, which, because it is more
comprehensive, eases programming.
The master
The 4/10 is the low-end machine of Computer Automation's Naked Mini 4 product line. A 16-bit machine
with, for example, a register-to-register add instruction
time of 3 microseconds, it has an address space of 64
kilowords, four general-purpose registers (two of which
are also index registers), a stack pointer register, and a
stack limit register. Four on-board Distributed 1/0 (D10)
ports allow connection of various ho devices.
As seen in Fig. 2, the computer's architecture is partitioned between two custom large-scale integrated
circuits. The control chip is amicroprogrammed controller dedicated to interpreting the Naked Mini 4 instruction set and generating the necessary addresses to access
the appropriate microcode from the external ROM. The
data chip contains general-purpose 16-bit registers and
an arithmetic and logic unit. To minimize the number of
pins on the chips, the microinstructions coming from the
1. Similar slave. Resembling the Naked
Mini model 4/10 minicomputer, Computer
Automation's

new 4/10

slave

processor

uses the same two custom central-processing-unit chips (large white chips on left half
of board) but has private input/output ports
and 16 kilowords of memory.
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2. Peripheral's parent. The Naked Mini 4/10, upon which the 4/10S is based, is built around two custom integrated circuits (tinted blocks).
The data chip (left) contains the registers and arithmetic and logic unit; the control chip (right) interprets the instructions.
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4/10S
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CONTROL
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IN BUS
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CONTROL
INTERRUPT REQUEST
CPU

ADDRESS
DATA
ATAI ADDRESS
ADDRESS IDATA
MEMORY
HOST CENTRAL
(UPPUBLIC
TO 64 KILOWORDS)
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3. Attachable. The 4/10S attaches to the Maxi-Bus interface of ahost Naked Mini computer. Address-selection logic on the 4/ 10S lets the
CPU reference either the 16 kilowords of on-board private memory or the host system's public memory.
ROM are multiplexed with the interchip microstatus and
microdata buses.
Because the 4/10 is microprogrammed, it can be
modified to operate as either ahost processor or aslave
processor. For the same reason, the 4/10S can use the
same custom chip set as the 4/10.
As seen in the block diagram (Fig. 3), the 4/10S
attaches to the host Naked Mini's system Maxi-Bus
interface and has direct access to the host's main system
memory—what might be called public memory. The unit
has 16 kilowords (32 kilobytes) of dynamic RAM on
board as private memory that can be used for both data
and program storage. References by the 4/10S to its
private memory do not go out on the system bus or
otherwise interfere with the rest of the system.
The 4/10S also has four private I/0 ports. They
emulate ports in Computer Automation's Distributed
vo scheme and allow a wide variety of slow and
medium-speed devices to be operated by and dedicated
to a4/10S. Interfacing is accomplished with specialized
Picoprocessors, small interface boxes that are available
for use with various devices, including line printers,
terminals, modems, and magnetic-tape and 5.25-inch
mini-floppy disk drives, as well as Binary Synchronous
protocol and IEEE-488 interfaces.

Characteristics
Some of the 4/10S's distinctive characteristics stem
from its instruction set. Since, as mentioned earlier, it is
asuperset of the standard 4/10 instructions, the host and
slave are programmed in the same language. Therefore,
programs that run on a4/10 can run on a4/10S.
This approach yields several advantages over one in
which aslave is based on adifferent set of instructions.
To start with, documentation and the training of
programmers are the same. Also, the potential exists for
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configuring a flexible software organization in which
tasks can be shifted from the host to the slave. A final
system might not have a 4/10S at all in its low-end
configuration, whereas a higher-performance version
might assign tasks to one or more 4/10Ss using much of
the same code that originally ran on the host. This
inherent flexibility, of course, requires the system
designer to plan ahead.
Extra instructions were added to the slave unit that
are important in its new role. Two of the most important
are "block move" and "translate characters." The
former provides a simple way of getting data from one
place to another—even across the public-private memory
boundary—in one instruction. The latter is ablock-move
instruction that uses aconversion table to translate the
bytes it transfers. It might be used for conversion from
American Standard Code for Information Interchange
(ASCII) to Extended Binary Coded Decimal Interchange
Code (EBcoic) or for detecting or suppressing special
characters in ablock of data.
Since the Naked Mini machines have a 64-kiloword
maximum logical address space, how can the 4/10S
address its own 16 kilowords of memory as well as the
public memory's 64 kilowords when it has a total
addressability of only 64 kilowords (actually 21' or
65,536)? Programs running on a 4/10S "see" a 64kiloword address space, considered to be the 4/10S's
logical address space. The lower half of this space
(addresses 0 through 32,767) provides access to the
4/10S's on-board private memory; the upper half
(32,768 through 65,535), access to public memory (Fig.
4). Therefore no special mapping method is required for
a4/10S program to be read out of, written into, or even
executed out of public memory. A "banking" bit in a
control register on the 4/10S determines whether the
upper half of the address space maps into the upper or
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4/10S PRIVATE
MEMORY SPACE
0000

-1>

4/10S LOGICAL
ADDRESS SPACE
3FFF
UNUSED
ADDRESSES

1

7FFF

PUBLIC MEMORY
SPACE
0000

0001

7FFF
8000

BANKING BIT
DETERMINES
IF UPPER OR
LOWER HALF

1->
FFFE
FFFF

4. Memory management. The lower half of the 4/10S's 64kiloword logical address space (addresses 0 to 32,767 —7FFF in
hexidecimal) are used to reference the private memory; the higher
addresses access either half of the host system's public memory.

lower half of the public address space.
Although the 4/10S can execute instructions out of
public memory, this is only done in unusual cases, such
as initialization, because it lowers performance.
The private DIO ports are treated in the same manner
as the private memory in that they are controlled by the
slave and are not directly accessible by the host central
processing unit (cPu). These ports are used identically
as the corresponding ports on a 4/10 minicomputer.
They operate with programmed, interrupt, and automatic 1/0 (a pseudo-DMA input/output scheme for interruptper-character peripheral devices such as start/stop
terminals).
In addition, the slave can perform programmed hip on
the host computer's bus. Computer Automation's MaxiBus interface is designed so that when the host cu gives
control of the bus to aDMA device, that device also gets
control of the signals used by programmed-uo instructions. This capability is supported by the 4/10S. It can
automatically direct I/O instructions either to the private
ports or onto the system bus, depending upon the
device's address.
The control register
A key component of the interface between the host
and a 4/10S is the control register on the slave
processor. This register is connected to the system bus
and is therefore accessible by both the host and slave
processors. The various bits in the register control initialization of the slave, interrupts posted to and from the
slave, console functions, and memory-space mapping.
Setting the slave-interrupt bit in the control register
interrupts the 4/10S program. After responding to the

CPU
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interrupt, the 4/10S resets that bit, indicating acknowledgment. The slave-control bit, when set, causes the
4/10S to perform console, or so-called front-panel, functions. It reads a console command word from a fixed
location in public memory that directs it to carry out a
traditional console function such as read memory location, write memory location, read register, load register,
stop, start, and even single-step.
Since bits in the control register are set, reset, and
tested by both host cu and slave programs, some synchronization and arbitration are required. They are accomplished by having the control register accessed only over
the Maxi-Bus interface. A 4/10S must actually acquire
control of that shared bus to alter or test its own control
register, solving the synchronization problem by using
the existing bus-arbitration mechanisms.
An apparent drawback to this approach would be that
the program running on aslave would have to know its
device address in order to talk to itself. This is avoided
by reserving one "dummy" device address to which no
bus unit may be assigned and having slaves use that
address when talking to themselves. A special path into
the 4/10S's own device-address—selection logic causes it
to respond to itself.
Considerations of slave computing
Despite their advantages, slave processors are not
without problems, the major ones being synchronization,
vo operations, data movement, and debugging.
The flexibility obtained by using RAM for the 4/10S's
program storage, for instance, introduces the problem of
initial program loading. Although the loading could be
done using the console-type functions, such a solution
would require much of the host cPu's time to load each
word individually into the private memory. Initialization
is best performed using the slave to execute instructions
from public memory. After placing abootstrap program
in that memory, the console function is used to load the
slave's program counter, and then the start function is
employed. The bootstrap program is executed out of
public memory and can then load the application
program into private memory and transfer control to it.
A frequent question with parallel-processing systems
is how to allow general synchronization. It is sometimes
assumed that aspecial instruction—an interlock primitive—is required to synchronize parallel processors, but
it is in fact needed only in true multiprocessing systems.
Since a host-slave arrangement is not such a system,
synchronization is performed in much the same way that
ahost synchronizes with adisk controller—it commands
the start of an operation and is interrupted upon its completion. If amore general synchronization is required in
amultislave system, the interlocked operations must be
performed by the host on behalf of the slaves.
Another typical problem with slave processors is that
the only I/O devices they have access to are private
on-board I/O ports. This restricts the slave's generality
and might force different models of slaves to be used,
depending on what device port is desired.
The 4/10S eliminates this problem in two ways. First,
as mentioned earlier, the four private DIO ports allow
connection of awide variety of slow and medium-speed
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devices. Second, the 4/10S can perform programmed ho
directly to Maxi-Bus devices. For example, aslave could
create acontrol block for adisk controller and send it a
start command. The disk controller would access public
memory directly and the slave could poll it to determine
if the operations were finished. In this way, slaves can
control devices not on its private DIO ports.

NAKED MINI 4
HOST CPU

MEMORY

Debugging
Parallel processing also presents some difficulties for
software debugging. Extra complexity is the root of the
problem, but other factors contribute to the difficulties.
Slave processors usually do not have front-panel
consoles, and their references to on-board memory are
not visible to instrumentation attached to the main bus.
By setting the slave-control bit in the 4/10S's control
register, consolelike functions may be performed on the
4/10S through the host. These functions allow memory
and registers to be changed and examined and the program to be single-stepped by aprogram on the host CPU.
Another debugging technique is to attach a terminal to
one of the DIO ports and load Computer Automation's
debugging utility into the 4/10S. Since it executes the
same instruction set as a4/10 minicomputer, the utility
will run on it and be controlled by a private terminal.
This utility supports breakpoints, memory searches, and
other tools for isolating problems.
An important class of debugging techniques involves
actually monitoring bus transfers with hardware analyzers. This may be done with general-purpose logic-state
analyzers or with special units like Computer Automation's bus monitor. The latter works much like a logic
analyzer—it triggers on specific data patterns and stores
large amounts of pre- or post-trigger information—but is
set up and read out by program control.
A version of the debugging utility provides support for
this hardware, but it is useful only if the memory references actually occur on the main bus; private memory
references cannot be monitored. The 4/10S overcomes
this constraint by having a special debugging mode in
which references that would normally be to private
memory are instead diverted to aspecific region in public memory. This mode allows the bus monitor to be used
and also can help confirm or rule out private memory as
afaulty element when making repairs.

4/10S
WITH 16-K
RANDOM-ACCESS
MEMORY

BISYNC
PICOPROCESSOR

MODEM

5. Appropriate application. Used as a communications-protocol
controller, the 4/10S, together with a Bisynch Picoprocessor can
free the host processor from executing the protocol-control software
needed to emulate terminals like IBM's 2780 or 3270.

and memory usage. By adding this function with a
4/10S, the existing system retains its resources to handle
the original applications. A general-purpose RS-232-C
asynchronous Picoprocessor or the new Binary Synchronous Picoprocessor may be connected to the private ports
of a 4/10S to implement such asystem. By having the
4/10S execute the protocol-emulation software (Fig. 5),
such aconfiguration allows emulation of IBM's 2780 or
3270 protocols to be accomplished with minimum
impact on the system.
Sort, schedule, 'smarten'

Distributed computation is ageneral application suitable for the 4/10S. Examples might include the use of a
quick-sorting algorithm that breaks data up into sections
that are individually sorted and then merged. Individual
4/10Ss could be used to work on those sections in
parallel. The 4/10S also might be used to perform an
operating-system function like time-sliced scheduling:
while one job is running on the host CPU, a4/10S could
be scanning the task list to determine which job to run
next on the host and how much time to give it.
Perhaps the most typical use for the 4/10S is as a
Applications
peripheral-device controller. One example might be to
In general, the most appropriate applications for slave control up to four "dumb" terminals connected to the
processors involve situations in which part of aprogram 4/10S's ports so that they look like smart terminals.
is clearly separable from the mainline program and may Others range from line-printer spoolers (buffer manrun in parallel with it. Also the subtask must require agers) to file-system managers.
extensive high-speed communication with the main
Depending on the requirement of the tasks to be
program; otherwise, a loosely coupled system might be performed, the slave can often be doing more than one at
more appropriate. Another factor is the host CPU itself. atime. RTX, areal-time multitasking operating system,
Is amore powerful host available that is compatible and can be run on the 4/10S to make that possible.
provides the extra computing power required, or is it
As has been discussed, parallel processing can take
more economical to expand the existing system?
many forms. But, as the 4/10S shows, acomputer user
Communications-protocol handling is anatural appli- need not purchase atrue-multiprocessing system in order
cation for aslave processor. This function is often added to see tangible benefits. The more mundane host-slave
onto an existing system when minimum impact to that organization, in fact, is well suited to many dedicated
system is aprime concern. Protocol handling can put a applications and fits much more comfortably into tradistrain on acomputer in terms of both computation time tional minicomputer architectures.
D
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Designer's casebook
both when ordered by control inputs Po—P 3.A logic 0and
logic 1output can also be generated.
The X and Y signals are applied to one or more of
three exclusive-OR gates and directly combined with
three of the P lines, as shown. Each of the exclusive-OR
gate outputs is combined in various ways with the aid of
by P. R. K. Chetty, Department of Electrical Engineering,
one AND and one OR gate so that the general logic
California Institute of Technology, Pasadena
function appearing at the output of the fourth exclusiveOR gate is denoted by the Boolean expression shown. By
When the same logic and control signals that drive this suitable choice of the logic value of the Pi terms (see
generator are also used to power it, 14 functions of two table), the desired logic function will be generated.
Although discrete transistors, resistors, and diodes are
input variables are generated without the benefit of a
used, the circuit can easily be condensed into afour-chip
bona fide supply. Consequently, dc power is conserved,
and the physical size of the generator is also reduced. It device using a transistor array, such as the CA3081,
is only necessary that each input signal be able to resistor arrays (Beckman 898-3) and a diode package
(LM3039). In either case, the circuit will be compatible
provide aminimum average current of 15 milliamperes
with rrt, although the unit will accept and generate a
at 5volts to energize the generator.
Given input variables X and Y, the generator (see wide range of voltages, corresponding to the magnitude
D
figure) will derive most of the popular logic functions of of the driving signals.

Logic-function generator
needs no power supply
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Signal power. X-Y driving logic, and control signals that select 1of 16 possible outputs (see table) simultaneously provide power for function
generator. All inputs should be capable of providing at least 15 mA to circuit, which uses wired-AND, OR, and EXOR gates throughout.
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ured as a latched d-a converter, the sampled analog
voltage may be recovered and held indefinitely (assuming that one input of the comparator is accessible).
As shown, in the normal a-d conversion mode of a
representative device like the AD582, a start-convert
pulse initiates the measurement. An analog voltage,
by Carl Andren
Harris Corp., Electronics Systems Division, Melbourne, Fla.
applied across resistor RI in the summing junction of
comparator A1,can then be sampled.
The successive-approximation register generates a
Because leakage currents cause droop, sample-and-hold 12-bit equivalent of the analog voltage and also drives
circuits with capacitors as storage elements cannot retain the d-a converter that is connected to Al's summing
asampled voltage indefinitely. This is the major reason junction. The d-a converter then attempts to null Al's
designers, to improve sample-and-hold performance, output, whereupon the end-of-conversion signal (Eoc) is
have resorted to converters combining analog-to-digital generated. The sampling period takes anominal time of
and digital-to-analog converter functions. But a single 2.5 microseconds.
a-d device can be made to perform both functions alterIn this circuit, the EOC signal energizes a solid-state
nately, thus cutting the cost and complexity of the two- relay (CAG13) so that the converter can be switched to
converter scheme. Only one operational amplifier and a the holding mode. RI is then placed at the output of an
solid-state switch are needed in addition.
op amp, A2.
The more popular forms of a-d converter use asuccesA2's output maintains Al's summing junction at a
sive-approximation register that—with the aid of aself- voltage null so that the output voltage becomes the
contained comparator and ad-a converter—generates a potential across R1—that is, the sampled voltage. Note
digital estimate of the sampled analog voltage. When the that the switch resistance and A2's input-bias current are
comparison has been approximated to the least signifi- taken into consideration for both modes and therefore
cant bit, the measurement is ended and an end-of- they are not, for all practical purposes, sources of error
conversion signal is generated. If the unit is then config- in the measurement.
D

Single a-d converter cuts cost
of droopless sample-and-hold
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Inverting the converting. This analog-to-digital converter, when it is combined with an op amp and switch, can provide da function on the
hold portion of sample-and-hold cycle, thereby reducing cost and complexity of the usual two-converter (a-d-d-a) scheme. No sampling peak
capacitor is required in the converter sampling technique, so that the sample-voltage droop is eliminated.
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Circle 130 on reader service card

Electronics/July 19, 1979

output must be compared to the desired position with
additional circuitry in order to generate those signals.
Flip-flops Q1 and Q2 and exclusive-OR gates Al—A,
comprise the up-down Gray-code counter. The direction
of the counting is determined by the logic state at the
up/down input.
by Thomas L Clarke
Miami, Ra.
The output of the counter changes on the positive
transition of each clock pulse. Depending upon the state
of the counter, either the normal or inverted sine-wave
The positional accuracy of a simple stepping-motor outputs of the sensor are summed at the output of the
system is limited by the response of its mechanical drive. 4052 four-input multiplexer. As a consequence, the
This drawback can be eliminated electronically by using output from A4 forces the system to a new position,
aposition sensor and acounter working in Gray code to which is reflected at the sensor as its output steps a
control the motor. The mechanical-drive circuit can be quarter cycle. The motor is driven through Q3 and Q4 by
simplified with digital logic to reduce system errors and apositional signal that progressively advances or recedes
nonlinearities. A four-state Gray-code counter enables (depending upon the state of the up/down counter) by a
the system to move smoothly from its starting point to quarter cycle.
the desired position.
A minimum settling time of a few milliseconds is set
In this circuit, the summed quadrature outputs of a for the system by the lead-compensation components
photoelectric sensor and the counter (see inset) set the between stages A4 and A5. Lead compensation is
position of the system. With suitable clock signals, the required in this situation because the system response is
counter is advanced one location, causing the motor's that of adouble integration network that acts to saturate
position to change and the output from the sensor to vary Q3 and Q. The open loop would tend to be sluggish
accordingly. Thus the system is rotated 90° for each without the lead compensation, which reduces the effecclock signal.
tive system gain at low frequencies.
This circuit is intended for visual setting of adesired
position through manual control of the clock and 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
up/down inputs. For automatic tracking, the sensor's the circuits operating principle and purpose. Well pay $50 for each itern published.
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Smooth. Four-state Gray-code counter 0, -Q2 provides signal that, when summed with output of optical sensor by 4052 multiplexer and op
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Ag,

generates quadrature output for smooth stepping of motor in quarter-cycle increments. Compensation network between A. and A5

prevents saturation of Q3 and Q., eliminating sluggish system response by reducing effective gain at low frequencies.
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Field-programmable logic, Part 2

Sequencers and
arrays transform
truth tables into
working systems
by Napoleone Cavlan and Stephen J. Durham
Signetics Corp., Sunnyvale, Calif.

D Because of its power and flexibility, the Signetics
field-programmable logic family is ideal for replacing
the discrete logic normally used to interface large-scale
integrated devices, as shown in Part 1 [July 5, 1979,
p. 109]. The examples of applications that follow show
how to exploit its special features.
In designing with these gate and logic arrays and logic
sequencers, the user need concern himself only with
generating truth tables associated with the state
diagrams or sets of Boolean logic equations that define
his function. The one restriction is that he must use logic
symbols corresponding to the status of fuse links.
As indicated in Fig. 1, an extra set of symbols is
needed to describe all the states of FPLF gates corresponding to all combinations of blown and unblown fuse
links. Once ordered into truth tables, the user-defined
functions are then directly mapped onto standard
program tables furnished with FPLF elements, whose
fuses are then blown by alogic-type programmer. As the
user gains experience, he can manipulate logic variables
intuitively and can eventually implement algorithms
directly on the program tables with only the device
schematics for reference. (The formal step of deriving
state diagrams and logic equations will not be considered
here.)
Because of their simple and uncommitted structure,
FPLF elements are suited to a wide variety of applications, several of them already well documented. The
following examples illustrate the typical use of each logic
element and match devices with applications.
Bus translator
Signetics' Instructor 50 microcomputer system is built
around the 2650 microprocessor; but for compatibility
with other systems and peripheral devices in the hobbyist
market, it interfaces to the S100 bus, which is based
mainly on 8080 microprocessor signals. Yet to carry out
the seemingly unwieldy task of bus translation, only a
single FPGA is needed. The gate array translates the
logical combinations of timing, enable, and control
signals supplied by the 2650 and its 1/0 hardware into
control signals entirely compatible with the S100 bus
definitions, as shown in Fig. 2.
The programmable feature of the FPGA is strategically
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invaluable in this case since the S100 bus is not yet
totally standardized. The FPGA permits easy adaptation
of the interface to changes in specifications, which are
subject to arbitrary manipulation by manufacturers in
the hobby arena.
Two-level logic
The logic arrays add asecond level of combinational
logic to the gate arrays, and thus another level of versatility. AND/OR combinations of the FPLAs are well suited
to carrying out polynomial equations and the like, as
shown in the next example.
In systems that transfer large blocks of data, acyclic
redundancy check (CRC) scheme can significantly
improve data integrity. The technique appends a check
word to atransmitted sequence of data, and the receiving end uses that word to check for errors. A cyclical
division of the transmitted data by an industry-standard
polynomial generates the CRC word; the remainder from
the division forms the check word.
Polynomials lend themselves to serial manipulation,
and serial CRC generation and checking are easy to
implement. But in a multiple-line data system with
parallel organization, a considerable amount of hardware may be needed for parallel-to-serial conversion.
Moreover, the multiple-bit clocking for each word
carries an inherent speed loss—a factor of 8 for a
byte-oriented system. A parallel CRC generator-checker
circuit is the answer, developed from the set of logic
equations describing the function of the circuit in the
form of astate machine.
The general design of the CRC circuit is shown in
Fig. 3a, along with the logic equation set for the popular
CRC polynomial P(x) = xI6 + X15 + X+ 1. Figure 3b
shows that the entire byte-wide parallel CRC generatorchecker circuit can be implemented with only five chips:
two 8-bit latches, two FPLAS, and an FPGA. The FPLAs
contain the set of logic equations controlling the flip-flop
inputs, which are expanded from EXOR form to sumof-products form. In Fig. 3a, variables No—N 15 represent
the next CRC word after clocking, based on the current
word Bo—B 15 and the present input byte D 0-D 7.
CRC generation begins by driving the RESET line low
to initialize the latches to zero. Pulsing the clock line
then transfers the first byte of the data block in at
Do—D7. Subsequent bytes are clocked in the same way.
The cyclic nature of this design places no limit on the
size of the data block that can be processed. During data
transmission, the 16-bit CRC word is available at outputs
B0—B 15 after the last data byte has been clocked in; it is
appended as two check bytes to the data in the block.
Checking
The circuit is used in the check mode when receiving
data containing CRC characters. The last 2bytes in the
data block received are CRC send characters. They too
are clocked in and contribute to form afinal receive pair
of CRC characters, which, for error-free transmission,
must both be zero. If an error has occurred, 13 0—B 15 will
be nonzero. The FPGA will detect the nonzero condition
and generate an error signal. This parallel CRC format
can operate on data blocks at speeds in excess of 5.7
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COMPLEMENT

INACTIVE =101

ACTIVE-LOW =ELI

ILI

INACTIVE =1•I

PROPAGATE 1.1

INACTIVE =101

SET =1H1

RESET =IL)

DON'T CARE

-

ACTIVE =IAI

TRANSPARENT =

NO CHANGE =I 1

NOTE: SQUARE SOLDER DOT (B) INDICATES FIXED CONNECTION; ROUND DOT 1.1 INDICATES INTACT FUSE LINK

1. New notation. The many combinations of blown and unblown fuse links in the field-programmable logic family require new notation. The
four possibilities for AND gates are shown in (a), while those for exclusive-OR outputs are in (b). The combinations for OR gates are in (c). The
complement array in the logic sequencers is detailed in (d). Finally, OR gates controlling the flip-flops in sequencers are in (e).

megabytes per second.
An interesting use for the FPLA is in changing data at
a few locations of a read-only memory (see "How to
patch aread-only memory," p. 137).
The abilities of the field-programmable logic sequencer are well demonstrated by its use as acontroller for a
cartridge-tape transport. In this example, one chip
replaces many—a distinct advantage if the controller is
to be packed on asingle-board microcomputer. Although
the chip's function is complex, it can be programmed
methodically and worked directly from aflow chart.
Controller routines
The controller executes fixed routines in response to
status and input commands that may originate from an
input/output bus or a monitoring station. Its outputs
operate the velocity servo that drives the cartridge, form
1/0 status signals, and enable writing of data. The input
and output signals of the one-chip controller are shown
in detail in Fig. 4.
The controller carries out these eight routines:
• Move tape fast-forward.
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• Move tape slow-forward.
• Move tape fast-reverse.
• Move tape slow-reverse.
• Bring tape to load point when cartridge is inserted.
• Rewind tape to load point.
• Rewind tape to beginning and eject cartridge in
response to unload command.
• Rewind tape to beginning and eject cartridge in
response to auto-unload true condition.
The routines could be represented concisely in a
conventional Mealy state diagram, but that often
obscures the actual machine function. Flow charts are
more easily understood, where input variables, machine
states, and output functions are given variable names.
Such achart is shown in Fig. 5.
Diagramming the flow
What would be transition terms in a Mealy state
machine become true/false statements regarding the
system inputs (taken one at a time) in the chart. The
correlation is most obvious in the simple example in Fig.
6. The flow chart in (a) shows aconditional change from
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MEMORY WRITE

114
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JUMP
LOGIC

2. Translator. Getting S100 bus signals, which are mostly 8080 microprocessor signals, out of a 2650 microprocessor calls for a
field-programmable gate array. One 82S103 translates signals from the 2650 and its companion 2656 interfacing chip to the hobby bus.

state A to state B. The conditions in the flow chart's
diamonds must be simultaneously satisfied for the state
change to occur. The conditions take on variable names,
and for this example, which arbitrarily assumes a 4-bit
state register, three inputs, and two outputs, the corresponding state diagram is shown in Fig. 6h.
The transition from A to B denotes ajump from 10
(1010 2)to 13 (1101 2)and an output transition to 2(102)
at the next clock pulse if the combination X. = 4(100 2)
is true. The transition is synthesized by forming atransition term T= P
I
-3152_PIP0-21110
and using term T at the
next clock pulse to generate next-state and next-output
commands for the state and output registers, respectively. For the state register, flip-flops No and N2 are set by
connecting T to set lines S. and Sz, and flip-flop N I is
reset by coupling T to the RIreset line. Similarly, for the
output register bit F. is reset and bit F1 is set by
connecting T to corresponding flip-flop reset (R o)and
set (S 1)lines.
Controller conditions
Referring again to the controller flow chart, it can be
seen that whenever the tape-drive power is turned on, or
when an interlock is opened, the transport must be
stopped. That is achieved by an input signal to the
controller called INTRDY that resets the state register
with an unconditional jump to state 1or STOP. When
that occurs, all outputs on the FPLS chip become inactive, WRITE is inhibited, and speed and direction are
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arbitrarily set to now and REVERSE. From the STOP
state, operation into any mode ocurs by state and output
jumps when all of the intervening conditions are simultaneously satisfied.
As an example, writing at normal speed will occur
with ajump from state 1to state 3, which requires that
the following criteria be satisfied:
• The data cartridge is in place; therefore CIP is true.
• The drive has been addressed; SEL is true.
• The tape has been commanded to run; TR is true.
• The controller is not in state 6; state 6is false.
• The tape should move slowly; therefore Fir is true
(an active-low signal).
• The tape should move forward; Fv7r) is true.
In tracing the jump between these states two things
must be noted. First, the commands RWD, UNL, and TR
are mutually exclusive, so that when either is true the
others can be considered false or "don't care." Second,
after TR = true, the condition (State = 6?) is inserted
to indicate invalid jumps to states 2and 3, which could
originate from state 6with an AUTO UNL false. Clearly,
these should be avoided to inhibit honoring requests for
read slow (or fast) forward while stopped at the end of
the tape. So, the (State = 6?) condition is areminder to
avoid programming 6 2and 6 -•• 3state jumps in the
FPLS. A similar argument holds for (State = 7?) and
(State = 11?) conditions.
After data has been either written or read, the tape
drive is commanded to stop by TR false, which causes a
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3. Error-free. The technique of using a cyclic redundancy check (CRC) word for error-free data transmission requires complex logic to
generate the word (a). A pair of logic arrays, two latches, and a gate array (b) do the job, which usually requires a boardful of chips.
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perform extremely complex
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82S105 receives commands from an input/output bus or monitor, and provides all
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TO SERVOMECHANISM
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CHIP ENABLE
o
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transport servo-motor mechanism.

5. Goes with the flow. The first step in designing the controller is preparing a flow chart of the operation. The chart is much easier to
understand than astate diagram or Mealy machine, yet provides all the information needed for programming the logic-sequencer chip.

jump from state 3(RUN SLOW FORWARD) to state 1. By
similar arguments, the tape drive can be run either fast
or slow in either forward or reverse directions by jumping to states 2, 4, and 5.
When the end of tape is reached (Ear true), the tape
drive is stopped. That is implemented by jumps 2 -0-6 or
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3 -6-6. Once in state 6, the tape drive can no longer move
in the forward direction because of the State 6 false
condition preceding states 2and 3. If AUTO UNL is true,
the drive will automatically rewind (state 12), wait for
tape to decelerate (state 13), eject the tape cartridge
(state 14) and stop. If AUTO UNL is false, the drive must
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How to patch a read-only memory
It is ashame to throw away read-only memories. But often
firmware-based systems must commit control programs to
large mask-programmed ROMs, only to have a design
revision requiring a new program —and a new ROM. If no
pin-compatible, user-programmable ROM is available, the
customer could end up waiting out the 5-to-10-week turnaround time for the new mask parts—and throwing away
his inventory of old ROMs.
One way to save an obsolete ROM (or even PROMs — it
hurts to throw them away, too) is by patching, which
redirects certain addresses to an adjunct smaller memory.
This can be done most efficiently with an 82S107 fieldprogrammable logic array.
As a ROM patch (FPRP), the FPLA becomes a
programmable, content-addressable PROM that continually monitors the address bus. As shown in the figure,
when the FPRP encounters a match that signals a correction of data, its flag output (FL) disables the ROM, and
new data from the FPRP is put on the output bus. If, for
example, address 750 were to be given new data A9,
address 5FE were to be given 7F, and addresses
0A4-0A7 were all to be reassigned B4, the FPRP would
be programmed as in the table. For a 12-bit address, only
inputs lo- III are used, and the remaining four, 11 2-11 5 then
become "don't care." (Incidentally, inputs lo and l
I in the

second product term are also "don't care" because they
define an address block of four locations.)
The address comparator can patch up to 48 nonoverlapping addresses anywhere within a memory field of
64 kilobytes. Block addressing is possible, too, using the
FPRP's true or complement input buffers. Moreover, the
number of addresses can be expanded by hooking several
devices in parallel and wire-ANDing their flag outputs.
Since the outputs of the ROM patch primarily define a
byte of memory data rather than a set of logic functions,
output polarity is not controlled. Also, to maintain compatibility with the gate array, the FPRP generates its selfenable signal with a fixed multiple-input OR gate; the only
disadvantage of that method is addresses (AND terms),
once programmed, may no longer be deleted.
The ROM patch affords a recovery strategy effective in
several design situations, including modifications of dedicated application programs, operating systems, assemblers, and monitor routines. It also permits on-site optimization of system parameters, in accordance with, say,
environmental variables, and allows custom function
options and product-line diversification. The customer
need only allot board space next to the mask ROM for an
FPRP; no parts are actually used until program changes
are required after the product is in the field.

READ-ONLY MEMORY

ADDRESS
(A0-A11)

DATA OUT
(8 BITS)

CHIP ENABLE ICE)

TRUE OR
COMPLEMENT
BUFFERS

ADDRESS
COMPARATOR

STORAGE
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(48 BY 8BITS)

F
0-F 7
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LOGIC ARRAY
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PROGRAM TABLE FOR ROM PATCH
Product term
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0A4- 0A7 2

Active level
HHHHH
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wait for either a rewind command (RwD), an unload
command (um..), or reverse command (FwD).
If the tape is moved in the reverse direction until the
beginning (Ron the drive is stopped. This is implemented by ajump from states 4or 5 to state 7. Once in
state 7, the tape drive can no longer move in the reverse

L

H

—

Output
data

o

HLLLL

A11
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Output func;ion

A9
7F
B4

direction because of the state 7false condition preceding
states 4 and 5. The tape will remain stopped at the
beginning until TWD, UNL, or FWD commands are given.
If no cartridge is in place (al) false) when the tape
drive is turned on, the controller will jump from state 1
to 8, and signal EMPTY. When a cartridge is installed,
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CIP = true implements a jump from state 8 to 9. In state
O

°
STATE A/

9 the tape will rewind in fast reverse until a BOT mark is
reached. BOT true implements a jump from state 9 to 10.
The tape now runs at slow speed in the forward direction
until the load point (LP) is reached. LP true implements a
jump from state

10 to

11

indicating STOPPED AT LP.

From state 11, forward, reverse, or unload commands
can be executed, but not rewind, because of the state 11
STATE REGISTER

condition preceding state 9. That keeps RWD from being
needlessly repeated.

State jump
A single state jump is shown in detail in Fig. 7. The
transition is from state 1to 2. In the latter, the controller
STATE B

URDU
STATE

Q3

Q2

0, to

is required to enter the READ FAST FORWARD routine
from STOP when:
• CIP is true.
• SEL is true.

DIAGRAM

• TR is true.

FLOW CHART

• State 6 is false.
6. Flow chart to state diagram. Simple transition from state A to

• FWD is true.

state B is shown in flow chart (a). Three Inputs (X0,X,,X2) and two

• FAST is true.

outputs (Yo,Y1) are assumed. The contents of afour-bit state register

In response to this jump, the controller outputs that must

show the transition from state A (1010 2)to state B (11012).

change to issue the appropriate commands are run (TR),

(RUN FAST FORWARD)

PARTIAL PROGRAM TABLE

Transition term
State
jump

NO.

2
I/O
assignment

F
-- Next state (NO
5 4 3 2 1
—LLL

Ou put term
Outpu
o
H

function (1-n,

5 4

o

3 2

H

H

H

7. Detailed state jump. The transition from state 1(STOP) in the tape cartridge controller to state 2 (READ FAST FORWARD) is shown in
flow-chart form. That part of the logic sequencer coding of the state jump is shown below, including transition and output terms.
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TABLE 1: COMPARISON OF DESIGN ALTERNATIVES FOR TAPE CONTROLLER
Field-programmable
logic sequencer

Parameter

Monolithic Memories Inc.'s
Programmable Array Logic

Discrete logic

Chip count

1chip

6 chips

14 chips

Circuit-board area

0.84 in. 2

2.13 in. 2

3.78 in. 2

Power (typical)

0.60 W

1.36 W

4.8 W

Speed

90 ns/state

132 ns/state

105 ns/state

Voltage

+5 V

+5 V

+5 V

Cost (high-volume production)

S12

S14

S48

TABLE 2: PROGRAMMING EQUIPMENT FOR THE FIELD-PROGRAMMABLE LOGIC FAMILY

1

Field-programmable device
Type

Manufacturer

Model

Logic
array

ROM
patch

Logic
sequencer

FP-104

•

•

•

PR-100

•

PR-100A

•

•

Data I/O

10

•

•

Data I/O

17,19

•

•

Sunrise
Electronics

•

•

SM100

Stag

PPX-Plus

FP-103

Gate
array

•

Signetics

Logic
Curtis

Memory

•

forward (FwD), and fast (FAST).
The flow chart of the controller routines is complete
with 14 states and 36 state jumps (including synchronous reset). As such, four state-register flip-flops sufficiently represent all states. All state jumps can be directly programmed into the chip from the flow chart. All
state jumps occur on the leading edge of the clock.
The advantage of a controller built with the FPLS is
best shown by a comparison to discrete logic, which
would comprise PRoms, latches, and gates, using the
same state diagram as for the FPLS. Table 1compares
the FPLS controller with a discrete implementation as
well as with Monolithic Memories Inc.'s Programmable
Array Logic chips, in several aspects.
Programming
The key to design flexibility with programmable logic
is the availability of programming equipment. The need
for PROMS in this equipment has led to alarge number of
memory programmers being offered by several manufacturers. Generally, they operate with personality card sets
that meet the requirements of various PROM technologies. Suppliers have already begun developing sets
compatible with memory programmers for logic devices.

Electronics/July 19, 1979

now

•

•

•

3079
now

•
•

Hybrid

Availability

•

in development
now

•

in development

Hardware is expected to be available by the end of the
third quarter of this year.
For the concept to work, the logic devices must be
manipulated as memory chips are—by defining the
desired fusing pattern in terms of an address-data relationship. Although this tends to obscure the logic function of the device, which is not visible on the program
table, it is sure to provide low-cost programming equipment that can be manned by low-skilled labor.
Logic programming is another possibility, and lowcost equipment is already available from Signetics. Logic
programmers allow direct entry of the logic function
from the program table; no reference to the device logic
diagram is necessary, and the user need not specify the
status of each individual link in adevice. Such programmers are more convenient for engineering use during the
initial design phase, but with their high programming
speed—about 10 seconds per device—can also be effective in production. Their only drawback is that they are
dedicated machines and cannot program PROMS.
Some manufacturers offer a hybrid type of PROM
programmer that can also be configured to do logic
programming. Table 2 shows the various options available to prospective users now, or in the near future.
El
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Single-chip computer
scrambles for security
TMS 9940 implements data encryption standard
with a4,800-bit-per-second throughput
by Robert Budzinski,
Unauthorized manipulation and outright theft of
sensitive data are major problems for the communications, computer, and banking industries, among others.
The situation has become increasingly grim with the
rapid growth of data traffic.
This is the first article in a series on data encryption
implementations to follow the special report on the National
Bureau of Standards' data encryption standard that
appeared in the June 21 issue, page 107.

Texas Instruments Inc, Dallas, Texas

Thanks to the efforts of the National Bureau of Standards, there now exists aFederal Data Encryption Standard (DES) for safeguarding critical (but not classified)
information [Electronics, June 21, 1979, p. 107]. This
document prescribes specific security procedures and
defines astandard algorithm for the encryption of data.
The DES applies by statute only to certain Government
agencies not involved in national security. Yet there is
every indication that the DES will become widely used in
the commercial sector as well. The Federal government
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may require certain nongovernment data-communication users to protect their message transmissions for such
things as funds transfers and securities and commodities
exchanges. The banking industry, however, is adopting
the DES without governmental prodding.
IBM Corp. has announced both software and hardware
DES products for System/370 computers. DES devices
are now available for satellite data transmission and
secure telephone conversations. And a dozen or more
manufacturers are introducing chips, circuit boards and
stand-alone encryption devices for the potential DES user
to evaluate.
Dedicated microcomputer
While the DES algorithm is complex, it was designed
expressly for efficient hardware implementation and can
be handled by a single chip. Texas Instruments Inc.'s
TMS 9940 single-chip microcomputer is one that can be
set up to implement the DES. It can encrypt or decrypt
4,800 bits per second when driven by a5-MHz clock. Of
course, the effective rate of any encryption device can be
increased by a factor of n if n chips are used in a
parallel-processing arrangement. The TMS 9940 data
encryption units, like the Intel 8294 DES implementation, can be easily interfaced to microprocessor buses
using rrL, so they are convenient to use in parallel.
It is possible to use a single 9940 instead of a DES
printed-circuit board or stand-alone box for applications
that do not require high-speed encryption. Its input/output capability is flexible enough to satisfy awide range
of these applications. Among its hardware-supported
functions are input/output expansion, multiprocessor
communication, power-down mode, and a clock output
for synchronization. It is compatible with the 9900
instruction set and circuit-design support tools such as
Ti's AMPL package. In fact there is no compatibility
problem with any member of the 9900 family of peripheral support chips.
What's on board
The TMS 9940 is the first microcomputer in 'Ws 9900
family (Fig. 1). Its single substrate contains amicroprocessor, 2,048 8-bit bytes of read-only memory (programmable electrically or by mask with the DES algorithm),
128 bytes of random-access memory, 388 single-bit locations in the communications register unit 1/0 memory
space, a 14-bit timer/counter, and an interprocessorcommunication interface.
Since the 9940 is designed for single-chip applications,
no provision has been made for off-chip RAM or ROM.
However, the 1/0 space is very flexible and up to 32
bidirectional pins can be dedicated to aspecific application (Fig. 2).
The 9900 instruction set is essentially the same as the
one used in Ti's 990 family of minicomputers. But the
9940 instruction set is particularly easy to use. The fact
that there are very few special cases built into it makes it
simple to learn. Nearly all the op codes can use the full
range of operand addressing modes. And the architec-
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ture supports 16-bit memory addresses, thus avoiding the
complexity and added potential for error of smaller
address spaces.
There are five operand addressing modes that can be
specified with a 9940 instruction. The register address
mode designates a memory location to be accessed, in
contrast to an actual hardware register. The current
register space is designated by aworkspace pointer. This
pointer designates the first word of 16 16-bit workspace
words. The 9940 has up to four sets of workspaces
available.
The advantage of the workspace is the ability to
switch contexts rapidly. Three words are stored in the
interrupt workspace for acontext switch. These are the
current workspace pointer, the program counter, and the
status register. Implementation requires less than 8
microseconds with a5-MHz clock.
The other addressing modes include workspace register indirect, workspace register indirect autoincrement,
indexed, and symbolic (immediate address). In addition,
some instructions allow immediate operand addressing.
In and out
The instruction set supports ho with the communication register unit (cRu). Its address space is a bitoriented hicé interface: the data elements in this memory
space are 1bit wide. The address for aCRU bit is formed
by adding the 8-bit displacement contained in a 16-bit
CRU instruction to 9bits from workspace register 12.
There are five different CRU instructions. Three of
them are single-bit—oriented. One of these sets the
addressed bit to alogical 1(sB0) and another sets the bit
to alogical 0(sBz). The third tests the bit's value (TB).
The multiple-bit CRU instructions transfer information between the CRU space and the random-access
memory space. The CRU address for the transfer is
contained in register 12. The number of bits transferred
can vary from 1 to 16 and is contained within the
instruction.
The location in the memory space is specified by one
of the five general operand addressing modes discussed
earlier. The load CRU (LDCR) instruction transfers the
number of bits specified in the instruction from the
specified memory location to the CRU space. This begins
at the CRU address in register 12. The store from CRU
(STCR) instruction performs the same operation except
that data is transferred from the CRU to the memory
space. The maximum instantaneous CRU data-transfer
rate is 1.25 megabits per second.
There are two possible implementations of any particular location in the CRU space. One is to use aregister to
implement locations. In this case the CRU location(s) act
as a read/write memory space. Another way is to have
separate input and output lines. This way, reading from
the CRU space using aSTCR instruction senses the values
of externally driven signals. Conversely, writing into the
CRU space using LDCR drives signals to external inputs.
All h/cé on the 9940 is done through the use of CRU
instructions. There are 4 interrupts and 32 general-
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2. Flexible. The 32 bidirectional input/output pins of the TMS 9940 can be dedicated to specific hardware-supported functions; TTL can be
used. Up to 4 16-word workspaces are available. All operations are compatible with the 9900-series instruction set and support chips.
purpose I/O pins to do this. When the reset interrupt
(IgT) is enabled, the 32 pins are set to the input mode.
The direction of the 32 pins (input or output) is
controlled with aCRU accessible-direction register.
The 1/0 pins can be read (sTcR, TB) regardless of
direction. However, it is not possible to write (LDCR, SBO,
SBZ) to a pin that is in the input mode.

(cRuctx) is used as a strobe when data is sent out on
the CRUOUT pin.
The 9940 offers three interfacing possibilities. They
involve using the TMS 9901, a programmable systeminterface circuit; the TMS 9902, an asynchronous
communication controller; or the TMS 9903, asynchronous communication controller (Fig. 3a).
The Multi-Processor System Interface (mPsi) is a
Special functions
two-wire facility for communication among processors.
Some of the 32 general-purpose IiO pins can also be It is aserial interface that allows transfer of 1to 16 bits
configured for special functions. There are four of these: (Fig. 3b). When enabled, the MPSI is normally in the
CRU expansion, multiprocessor system interface, exterreceiving mode. Data on the TD line is strobed into the
nal synchronization (clock output), and power-down- 16-bit register by the IC line. Data can also be stored
and-hold logic. Any combination of these is possible.
internally by executing a STCR instruction to the dediActually, the use of each function is determined by the cated MPS! addresses. And finally, data can be sent from
value of its associated configuration bit. There are 4 the MPSI register by executing a LDCR from the MPSI
configuration bits —one for each function—that are addresses.
accessible in the CRU space. The configuration bits are
Multiple-chip encryption
set to the general-purpose mode (all special functions
disabled) after areset. In addition, the special functions
It is possible to hook up a dual-9940 network using
can readily be utilized under program control. The cross-coupled interrupts to coordinate communications
special function for CRU expansion allows 256 CRU bits (Fig. 3c). Other 9940s can be added by wire-oRing the
to be implemented externally by using 11 of the general- TD and IC lines. Communication coordination is accompurpose pins. Nine of these (A o—A 8)are used for output, plished through specific protocols. Which one is used
and one is for input (cRuiN). The remaining pin depends on performance requirements and cost consider-
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3. Interfaces. Chip communication options include using programmable, synchronous, and asynchronous communication chips (a), two-wire
serial hook-up (b), and cross-coupled interrupts (c). More than two chips may be wire-ORed together using the latter method.

ations and the balance struck between the two.
The timer/event counter capability is another special
function that can be enabled with a configuration bit.
The counter can be used as atimer when it is selected to
be driven by the system clock. In this mode, the system
clock is scaled to 1/15 of its frequency before driving the
counter. The counter can also be driven as an event
counter by the positive edge of external signal. The mode
in which it is used is determined by aCRU-accessible bit.
Timer/counter function
Initially, the timer/counter is disabled (by a reset
instruction). If the counter function is selected, the counter is enabled by selecting its mode and loading the clock
register with a nonzero start value via a LDCR instruction. The counter is decremented by the selected source
until it reaches zero. Then alatched interrupt is issued to
the CRU and the counter is reinitialized to the previous
start value. The current value in the counter can be read
with aSTCR instruction.
The 9940 has a power-down mode in which only the
128 bytes of RAM and the interrupt logic are powered.
The power-down mode is enabled by aconfiguration bit.
The timer/counter interrupt —
INT2 is disabled, but both
the ref and the W
' Iinterrupts remain enabled.
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The central processing unit (cPu) can be repowered —
with the integrity of data in RAM maintained—by enabling INT1. If RST is used instead, the CPU is repowered,
but the data in RAM is lost. External circuity is needed to
implement aself-induced power-down.
A 9940 can also be powered through external control.
Assuming the power-down mode is enabled, the processor can be placed in the power-down mode by setting
HLD to zero. This causes the hold acknowledge signal
HLDA to become zero. This approach is useful for synchronizing the sharing of resources among processors.
Another configuration option is to provide a clock
output for synchronization. If enabled by aconfiguration
bit, the system clock is an output from the 9940. The
frequency of the clock is half the oscillator frequency
that is the actual internal system frequency.
The 9940 also has a 16-bit flag register accessible
through CRU instructions. It can be used for storage or
bit manipulation.
Encryption operations
The TMS 9940 data encryption unit has been implemented with the goal of maximum throughput with a
flexible, easy-to-use interface. Throughput is maximized
by careful control of the amount of ROM used to execute
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the Data Encryption Standard algorithm.
The 16 48-bit auxiliary keys used in the 16 main data
manipulations are calculated and stored shortly after
entry of the 64-bit main key. (The 64-bit key includes 8
bits used for parity checking; the remaining 56 bits make
up the active key.) Consequently, time is not wasted
during an encryption or decryption operation for auxiliary-key calculation.
Key entry
A key may be entered after reset on the completion of
an encryption or decryption operation. The key entry
flag pin, NK
is polled after reset or completion of an
operation. If akey entry is sensed, the next 64 input bits
are assumed to be the key.
A parity check is then performed. If an error is found,
the active low parity error signal 1
3É is activated and
operation is halted. In order to recover from a parity
error, the
T input must be enabled and the key-entry
operation repeated. After receiving akey without parity
errors, the 16 auxiliary keys are calculated and stored in
onboard RAM.
The 9940 data encryption unit is designed to be a
peripheral circuit supported by an external microprocessor or other circuitry. With this in mind, the basic
sequence of operations after akey has been entered and
after the key calculations are performed is easily understood. The first step is either plain or encrypted text
input to the chip.
Shuffle and substitute
After the 64-bit block of plain or encrypted text is
received, it is stored in the current workspace registers
with STCR instructions. The initial permutation, which is
asimple reordering or transposition of the input bits, is
performed using on-board RAM.
The 16 main data manipulations that use the 48-bit
auxiliary keys as specified in the DES are done with
exclusive-OR functions and look-up-table logic. The 9940
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operations,

provides automatic control of the workspaces and storage registers during these manipulations.
The final permutation (the inverse of the initial
permutation) is executed using additional storage space.
The 64-bit block is then read from the chip using LDCR
instructions, making the chip ready to receive the next
data block.
While the input and output ports are common, the
system designer has the flexibility of setting them 8or 16
bits wide. The width of the input word can be chosen
separately from the size of the output word, allowing
four combinations of input/output word size: 8/16, 8/8,
16/16, or 16/8. This flexibility allows easy interfacing of
8-bit systems to 16-bit systems.
I/O handshaking
Input and output are controlled by aset of handshake
signals (Fig. 4). Input is initiated by the load data input
(Lin) signal; the LDI is attached to INT1 of the 9940.
Thus alow signal on I1,7 will interrupt the CPU.
Upon receiving the interrupt, the chip determines if
there is space to store an input word. If the input can be
accepted, the port is set to the input direction and data is
read. When the input is completed, the RDY/F3sV signal
is set high. If the 9940 cannot accept the data, an
internal flag is set and the interrupt is disabled. Upon
completion of the current operation, the flags are scanned. If input is pending, the data input begins as if it
were initiated by an interrupt.
Output is also controlled by a pair of handshake
signals. When output is ready to go, the data is put in the
output port and the data available signal, 1::•d, is activated. The CPU then polls the data accepted (i3i) input
signal.
When the receiving device has taken in the output
data from the chip, the next output word can be sent.
Once the entire 64-bit block has been read out, the chip
is placed in the receiving mode so that the next block of
encrypted or plain text can be read in.
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Using Wavetek's Model 175
Arbitrary Waveform Generator is
like drawing on your oscilloscope. •
You have a256 x255 point grid to
work with. Time is along one axis,
amplitude is along the other. Simply
program the waveform, point by
point, either from the front panel or
via the GPIB bus. ARB stores the
shape you've programmed and will
duplicate it at any frequency and
amplitude you select. You can also
edit point by point if you decide to

1

change the wave shape later on.
Operational modes include
continuous, triggered, and even
triggered burst—which will take
care of almost any application.
If you've ever tried to generate
sin x/x or any other non-standard
function on ordinary equipment,

you know what abreakthrough ARB
represents. Now, instead of
choosing just sine, square or
triangle outputs, you can be
completely arbitrary for only $3,995
Provided you've chosen Wavetek's
Model 175 to be arbitrary with!
Wavetek San Diego,
9045 Balboa Ave., PO. Box 651,
San Diego, CA 92112. Tel: (714)
279-2200; TWX 910-335-2007.

AVE -r j1C®
US

Circle 144 For Demonstration.

The ARB generates
any waveform you can draw.
And we have the pictures
to prove it.

Circle 145 For Literature.

Engineer's notebook
Measuring pulse bandwidth
in the time domain
by Jim Dettmer
King Radio Corp., Olathe, Kansas

Using aspectrum analyzer to measure the energy bandwidth (the bandwidth over which 90% of apulse transmitter's energy is contained) doesn't always yield correct
results, because this quantity is less than the main lobe
displayed. The energy distribution is a function of two
pulse characteristics that can be measured in real time
with an oscilloscope, however; with this information and
the aid of the empirical curve shown here, energy bandwidth (Esw) can be found quickly and accurately.
If the output from apulse transmitter were aperfectly
rectangular waveform of amplitude A, frequency f, and
duration r (measured at 50% points), it would have a
corresponding frequency spectrum of (Ar)Sa(fr), where
Sa denotes the sampling function (Sa(x) = sinx/x).
There would be no loss of generality if the waveform was
one of unit amplitude and width (x l(t) in the figure); its
frequency spectrum would be simply Sa(f). Under these
conditions, it can be shown that EBW would be the same
as the main-lobe bandwidth, 2/r, measured by a spectrum analyzer.
But no transmitter has arise or fall time of zero, and
so the pulse would be more accurately approximated as a
trapezoid. A trapezoid is equivalent to the convolution of

X1(t)

1FIL.

A
X2(t)

Xi 1(1

X2111

two rectangular pulses, and its resulting frequency spectrum is therefore the product of two sampling functions,
where the second function x2(t) is regarded as acorrection factor.
Consequently, x3 = X1*x2
(AK)Sa(Kf) •Sa(f),
where K = Ki/r (K 1 is the measured fall time of the
pulse), and r is the large-pulse normalizing time. Clearly, the main-lobe bandwidth is determined by xl; x2 acts
only to sharpen the skirts of the spectrum. The EBW thus
no longer coincides with the main-lobe bandwidth.
Fortunately, however, it can be determined without
much trouble.
The total energy, E, is determined by taking advantage of the Rayleigh Energy Theorem:
E =f

lx(t)12dt = f

It necessarily follows that
0.9E = (AK) 2f
r,

X(f) 2cif
EBW =

(1)
f, when:

[Sa(f)Sa(Kf)Pdf

(2)

where E is the square of the area under the trapezoid,
equal to (AK) 2(1 — K/3). EBW may be numerically
found by using this last equation and letting (AK) 2 = 1.
With the aid of the resulting curve plotted by solving Eq.
2(see figure) for f2— fl, and ascope to measure K1 and
T, EBW can then be found.
As one can see from the curve, when K = 0.6, the
EBW index is only one half of the main-lobe bandwidth.
At K = 0.2, the EBW index is 0.62. Thus, if K1 = 200
nanoseconds, and r = 1 microsecond, EBW =
0.62(2/10 -6 )= 1.24 megahertz.

SalF1

(AK)SMKF)

AK
X3(t) =X1 *X2

E=f

I
X3(t) I
2dt =(AK) 211- K/3I

Convolution. Idealized output from pulse transmitter (top) must be
convolved with second waveform (middle) that simulates transmitter's switching times, in order to determine the true bandwidth of
pulse at the 90% energy level (EBW). Numerical solution of energy
equation (bottom) enables plotting of general EBW-index curve.
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While Intel's popular Universal PROM Programmer
(uPP) works effectively in its intended capacity as a
system development tool, it has two major drawbacks.
First, the so-called personality cards that are required
for manually programming each type of programmable
read-only memory are expensive and much too complicated to build. Second, it is restricted to Intel PRoms, so
that the newer complementary-MOs erasable-PROM

Software-based controller
simplifies PROM programmer
by R. F. Hobson
Simon Fraser University, Burnaby, British Columbia, Canada
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Burning softly. Complexity of control board (a) and personality cards (b) in universal PROM programmer are reduced if software-based
controller leads system's host computer through various read/write burn-in phases. Personality card is shown for the IM6604 PROM. S-100

bus interface (c) units UPP to 8080 host processor. Small program (table) guides 8080 through write-and-verify sequence.
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Up-front backup.
Now Bussmann brings products and technical
backup right to your front door.
If you've been going to
an electronics distributor
for Bussmann products,
here's great news.
The Bussmann representative who brings new
product information and application help to your distributor will now do the
same for you.
He is likely to be the
same sales representative
who's kept you stocked with
avariety of other electronics products.
But now that he'll be
bringing you
Bussmann
too, you

stand to gain alot more than
just single-source convenience.
For one thing, you'll get
dependable technical help
whenever you need it. As
an experienced electronics
professional, your Bussmann representative is a
prime source of application
advice. And he has the
full backup of Bussmann inplant application specialists.
Your Bussmann representative will also give you
faster, more direct access
to Bussmann products. Product
literature. Tech-

nical bulletins. And more.
Working with your
distributor, your Bussmann
representative puts our
total capability at your
disposal. This new service
team is just one more way
we've strengthened and
reaffirmed our commitment to you.
After all, when you
specify the best electrical
protection devices money
can buy, you expect
equally good service.
And now Bussmann
gives you both.
Bussmann Manufacturing Division
McGraw-Edison Company
P.O. Box 14460
St. Louis, Missouri 63178

McGRAWiDISON
Bussmann.
The Protection
Experts.
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Circle 148 on reader service card
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WRITE-AND-VERIFY SEQUENCE: IM6604 E-PROM
Write/Verify Routine
Statement

COUNT:
WRITE:

Comment

DS 1

EQU

80H

PUSH

PSW
B

PSW

PUSH

DOUT

MOV

XRA

A
COUNT

LATCH DATA BYTE

INITIALIZE COUNT.

LATCH ADDRESS.

CONTROL BIT.

A,D

;

ADDR/CTL BYTE.

ORI

PROG

;

SET PROGRAM BIT.

MVI

B, OEH

;

SET 14MS COUNT.

;

START PROG PULSE.

CALL HOUT

PSW

CALL ADDRL

CALL MSDLAY;

HOLD IT.

XRI

CLEAR PULSE BIT.

PROG

;

CALL INFOJ

INITIALIZE CRT.

CALL PULSE

SEND A PROG PULSE.

CALL HOUT

;

RESET PROG PULSE.

VERIFY

MVI

;

7MS COUNT.

SAVE DATA BYTE.

CALL MSDLAY ;

MOV

8,A

LDA

COUNT

INR

A

STA

JC

PROG

PUSH

STA

Comment

PULSE:

8

POP

JZ

Statement

PUSH

CALL

WLP:

Pulse Routine

BUMP UP COUNT.

COUNT
READ

GET CELL CONTENTS.

CMP

B

COMPARE WITH DATA.
EXIT IF VERIFIED.

CALL

INFO1

LDA

COUNT

CPI

030H

MOV

A,8

UPDATE CRT.

PULSE LIMIT ...

WLP

EXCEEDED?

STC

IF SO EXIT.

POP
RET
BURN:

LAST WRITE OK,
BURN AND EXIT.

chips cannot be programmed. The personality cards can
be simplified and the UPP peripheral device made more
versatile, however, if asoftware-based controller guides
the system's host computer through the various
read/write phases required to program and verify the
contents of PROMs.
The basic u PP interface has eight data-input and eight
data-output lines, along with read-data, read-acknowledge, and read-status ports. Also included is awrite-data
line, awrite high-address and write low-address line, and
an interrupt line. A pulsed control signal required for
programming each PROM location is handled via a4-bit
4040 microprocessor on acontrol card in the UPP.
The best way to simplify such a peripheral is to have
the host computer provide the timing, control, and logic
necessary for programming, reading, and verifying the
contents of PROMs and E-PROMs. The complexity of the
UPP's control card is then reduced to that shown in (a) of
the figure, where the 4040-based setup is replaced by
four c-mos ii0 chips (RCA 1852D).
The host computer consequently sees one input port
and three output ports. The input port is used for returning the contents of aselected memory word. Two of the
output ports are used for latching address and control
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POP

B

POP

PSW

WAIT 12/3 DC/.

RET

CALL

BURN

B, 07H

information; the remaining output line is used for a
data-output latch.
Of the 16 PROM-address lines available, 12 are used to
address up to 4kilobytes of memory. The remaining four
lines can be used for program and chip control. Consider
the personality card of the 512-by-8-bit IM6604 PROM,
for example (b in figure). There, line A15 is used for a
program pulse enable, A14 and A13 are used for chip
select and chip enable, respectively, while line Al2 is used
for a strobe pulse. The popular 27XX E-PROM series
would require only two control lines. Because the 27XX
chips are powered by 5 volts, while c-mos devices
require 10 'v for programming, the 27XX's personality
card would interface to the host computer through opencollector devices.
In general, then, a personality card will consist of a
bidirectional data bus, the required number of address
lines, and apulser circuit. It is thus used mainly to route
the bus lines to the proper front-panel pin positions on
the UPP. The pulse circuit must be designed to be reset
by the UPP's front-panel reset button. This can be
accomplished by connecting the reset line to the 1852D's
CLE inputs. For completeness, the program control line
(on the control card) is also connected to the program
LED on the front panel.
A typical S-100 bus interface for the modified UPP is
shown in (c). 1/0 ports 32, 33, and 34 have been decoded
for a data strobe (read), write low-address, and write
high-address, respectively. Interface software must
include a timing subroutine and program pulse and
verification routines particular to the PROM that is
programmed.
As for the programming required, the sequence in the
table outlines the steps necessary for the write-and-verify
operation in the IM6604. The program is written for the
host 8080A microprocessor.
D
Engineer's notebook is aregular feature in Electronics. We invite readers to submit original
design shortcuts, calculation aids, measurement and test techniques, and other ideas for
saving engineering time or cost. We'll pay $50 for each item published.
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Engineer's newsletter
Software package
eases job of
board designer

engineer's efficiency and accuracy in laying out and documenting the
circuits. It includes interactive graphic capture of schematic diagrams, as
well as automatic and interactive circuit layout. What's more, it can
create, modify, and control schematic symbol and component libraries and
generate design documentation.
Fundamental to CPS is an integrated design file that ensures the
compatibility and consistency of design data from circuit schematic to
board layout. The file also provides the data input essential to such other
design processes as logic simulation and testing.
CPS runs on the DEcsystem-20 family of computers, supporting up to 16
graphics terminals. The basic system, which includes source and object
code plus documentation, is available under license. Also available are
symbol and component libraries, technical assistance, and training. Call
Roger Fetterman at (415) 494-3942 for further information, or write to
him at 3174 Porter Drive, Palo Alto, Calif. 94304.

Cash, fame awaits
sixth scholar in

The electrical engineering community is invited to submit nominations for
the Sixth Marconi International Fellowship Award. The purpose of the
fellowship is to commission creative scientific works that will add to
human knowledge and understanding of how communications sciences
and technologies can be applied to improve human life. The award is both
valuable and prestigious. It carries with it a$25,000 grant for completion
of the recipient's chosen project or study, and it was presented to last year's
winner, John R. Pierce of the California Institute of Technology, by the
President of the Republic of Italy.
Nominations close Oct. 1, 1979, and the recipient will be announced in
February 1980. The fellowship is administered by the Aspen Institute for
Humanistic Studies at 1919 Fourteenth St., No. 811, Boulder, Colo.;
(303) 443-1230.

communications

Standards for
portable or personal
radios updated

150

The Circuit Pack System (CPS) takes much of the drudgery out of
designing printed-circuit boards. It's a set of automatic and interactive
computer aids developed by Bell Northern Research Inc. to boost the

Design engineers concerned with radio transmission will be happy to know
that the engineering department of the Electronic Industries Association
has revised document RS-316 "Minimum Standards for Portable/Personal Radio Transmitters, Receivers, and Transmitter/Receiver Combination
Land Mobile Communications FM or PM Equipment, 25-1,000 rsitHz."
The revised standard (revision B) has been updated to include coverage
of separate receivers (for example, paging receivers) and transmitters (for
example, surveillance units) as well as two-way radio equipment. Also,
references to conjugate impedance matching of external radio-frequency
signal sources used for test purposes have been incorporated to remove any
ambiguity in the method of connection of the signal source to the unit
under test. In addition, to resolve aconflict with Federal Communications
Commission regulations, the lower temperature limit for the frequency
stability requirement of personal transmitters has been changed from
— 10 °C to — 30 °C.
Copies of RS-316-B are available at $9.00 each from the Standards
Sales Office, Electronic Industries Association, 2001 Eye St., N. W.,
Washington, D. C. 20006. A free catalog of EIA Standards and Engineering Publications is also available.
-Harvey J. Hindin
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FOR A CLEANER,
BRIGHTER PICTURE,TRYA
TUBE OF MITSUBISHI.

Mitsubishi cathode ray tubes will do
wonders for your image.
Because each of our high-resolution
color CRTs actually discriminates among 64
distinct colors.
Our radar CRTs give your data systems
the kind of pin point clarity that assures pin
point accuracy.
And our black and white CRTs differentiate between shades of grey.
We begin with our own phosphors,
specially developed for their brightness.They
ive our screens their notably short, or long
flicker-free persistence.
Our precision electron gun system
insures that each beam is perfectly aligned
with the shadow mask.

And, combined with our ultrafine pitched shadow mask, the
gun system produces apicture so
sharp, it actually encourages
reading fine print.
Another Mitsubishi innovation is our internal magnetic
shield. It not only more
efficiently eliminates exterior
magnetic forces, but makes
the unit much easier to
service. Not to mention what
the magnetic shield does for
apurer image, in both monochrome and color.
Mitsubishi's complete
CRT line includes high-resolution
flying spot scanner CRTs. Fiber optic
recording CRTs. High-precision display, radar
and beam penetration CRTs.
For more information on adisplay that's
worthy of your data system, call our Display
Products Group at 800-421-1132 (in California call 213-537-7132) or write Melco Sales,
Inc., at 3030 East Victoria Street, Compton,
California 90221.
Well gladly show you aCRT for sore eyes.

mt.MITSUBISHI ELECTRIC COLOR CATHODE RAYTUBES
For oilier Mitsubishi Electric products such as general purpose nhdurs. lo,,
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lb Fluke's new 8010A
and 8012A bench/portable
DMM's. You'll find all the
features of our popular 8020A
handheld DMM plus many more
capabilities (some not found in any
other DMM) in these two instruments. At prices only afew dollars
more than most handhelds.
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sulators, and general use above 20
Mil A Fluke exclusive found in both
the 8010A and 8012A. Ask for our
Conductance Measurements Application Note.

A sensible package with sensible
features. The 8010A and 8012A's
bench/portable design is ideal for
those who want the best of both
worlds. They fit smartly on your
bench and use ac power or get
right up and go to the job with you.
Optional rechargeable batteries are
available. Both incorporate the same
design goals that made our handheld
8020A DMM so rugged and reliable.
Extensive overload protection (to
6000V) and 0.1% basic dc accuracy
make for two DMM's you can really
rely on. 20 basic ranges of ac and
de volts and current, six ranges of
resistance plus three ranges of conductance prove their measurement
versatility.

Exclusive capabilities for surprising prices. For high current measurement applications, the 8010A
boasts an extra 10A range for $239*.
The 8012A replaces the current range
with another important feature —
two low ohms ranges, making it the
world's widest range ohmmeter. Its 1
milliohm resolution (on the 2.(1 range)
is ideal for locating shorts in circuit
boards and motor windings. All for
only $299.*

Conductance = 1/Resistance.
It's aunique way to measure high
resistance and check leakage in
capacitors, pcb's, cables and in-

Handheld or bench/portable: It's
your choice. Whichever best fits
your application, you can buy them
both from Fluke. With confidence that

For Technical Data Circle 152 on Reader Service Card.
For Demonstration Circle 153 on Reader Service Card.

you'll be owning the finest
quality DMM's available.
Contact the Fluke stocking
distributor, sales office or
representative in your area or call:
800-426-0361
If you prefer, just complete and mail
the coupon below.

To tell the truth. Fluke's hybrid true
RMS converter gives you the honest
ac answers you demand. You can
measure non-sinusoidal waveforms
out to 50 kHz without missing any
significant distortion components.

FLUKE

*U.S. Prices only.
r IN THE U.S. AND NONEUROPEAN COUNTRIES:

John Fluke Mfg. Co., Inc.
P.O. Box 43210 MS #2B
Mountlake Tbrrace, WA 98043
(206) 774-2481
iblex: 32-0013

IN EUROPE:
Fluke (Nederland) B.V.
PO. Box 5653
Tilburg, The Netherlands
(013) 673-973
Telex: 52237

O Please send 8010A/8012A specifications.
Please have asalesman call.
CI Please send me your Conductance
Measurements Application Note.
Name
Title

Mail Stop

Compan_y
Address
City
Iblephone
E2 7,79

State
Ext.

New products

Chip eases double data security
Monolithic device applies NBS cryptographic algorithm to data streams
at rates to 400 kb/s, can down-load secondary keys to enhance secrecy
by John G. Posa, Microsystems & Software Editor

In some systems, easy access to data
is akey feature, so the hardware and
software strive together to make this
possible. In contrast, in some private
computing and communications networks, an effort is made to keep the
bits asecret. Because of two related
developments, the latter is now easy
to accomplish. First, a data-encryption standard was recently adopted
by the National Bureau of Standards. Secondly, integrated circuits
like the MGD68NE data-security
device (DsD) from Motorola perform
the standard's cryptographic algorithm in silicon.
There are other single-chip dataencryption devices around, such as
those from Texas Instruments, Intel
and Western Digital [Electronics,

June 21, p. 107], but according to
Steve Sparks, manager of microcomputer marketing and systems applications at Motorola, at least two
aspects of the MGD68NE make it
stand out in the growing crowd.
The first of those features is speed.
"The device is very fast," comments
Sparks. "It will operate on data rates
up to 400 kilobits per second."
Another distinction of the Motorola
chip is that "it has the ability to
down-load minor [or secondary]
keys to obtain ahigher level of security," he adds.
According to the NBS algorithm,
64-bit blocks of data are scrambled
using a 56-bit active key, which can
be a major or secondary key.
In atypical environment —a serially

distributed network, for example—a
sender uses this key to ship garbled
bits to one or more recipients. They
unlock the message by essentially
running the algorithm backwards
with the same key.
With the MGD68NE, not only
can this major key be used to mask
information, but minor keys can be
generated to further foil nosey data
tappers. In addition, minor keys can
be in plain text or scrambled using
the major key, and because the
secondary keys are developed exclusively by the sender, they can be
disseminated selectively.
The receiver must be aware that a
secondary key is being transmitted,
of course. If it is in plain text, he can
load it directly into his active-key

OPERATI
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NAL AND CONTROL MODES
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A1

A2

RAN

0

0

0

0

1

0

1

0

ENCIPHER DATA

0

0

1

0

DECIPHER DATA

0

0

1

1

READ DATA

0

1

0

1

READ STATUS

1

0

0

0

RESET/INITIALIZE

0

1

0

0

ENTER MAJOR KEY

1

1

0

0

0

1

1

0

ENTER PLAIN
SECONDARY KEY
DECIPHER SECONDARY
KEY

1

1

1

0

ENCIPHER SECONDARY
KEY

1

0

0

1

TRANSFER MAJOR KEY

WRITE DATA"C" KEY
OPERATIONAL (1st 7BYTES)
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One of these efficient low-cost IERC
heat sinks will let you substantially
increase the power of your semiconductor devices while holding
junction temperature below the rated
maximum. Send for complete specs,
thermal dissipation curves, and
other helpful information today.

IERC

Heat Sinks

International Electronic Research Corporation /A subsidiary of Dynamics Corporation of America
135 West Magnolia Blvd., Burbank, CA 91502 •(213) 849-2481

Circle 154 on reader service card

torque wrench
catalogue

Detailed information on the complete line of
Snap-on ultra accurate torque wrenches,
and torque drivers in ounce—inch and pound
foot calibrations; metric, newton-metre and dual
metric-English calibrations. Complete data on
torque wrench adapters and attachtnents, bench
type torque testers, test bars, special torque
wrench models. Write for your free copy to
Snap-on Tools Corporation,
8051-G 28th Avenue, Kenosha, Wis. 53140.

Setp-onrotrld
154

Circle 218

on reader service card

402

register. If it is encrypted, the device
can be directed to decrypt it using
the major key and automatically
load it into the active-key register.
The n-channel mos device is
housed in a 24-pin package, requires
only + 5v to function, and is directly compatible with the 6800 microprocessor. Besides Vcc and Vss ,the
remaining 22 pins are divided up for
an 8-bit directional data bus, 2 pins
for interrupt request, and 12 for
address, timing, and control, as
shown in the block diagram.
The DSD's three address lines are
used in conjunction with a
read/write pin to select five major
modes of operation: loading of data
or key, data encryption, data readout, and status readout (see table).
To load, encipher, or decipher a
major or secondary key, the entire
8-byte block is transfered into the
device over the data bus after selection of the appropriate operation
with the address and R/W pins.
To encipher or decipher ablock of
text, however, the first 7 bytes are
entered while selecting the write
data/"C"-key operation. The remaining byte is written either to the
encipher-data or the decipher-data
register in accordance with the
desired operation. In any event, the
encryption process begins automatically, and the chip's busy flag is set
while the encryption algorithm is in
motion. All commands except read
status and reset are ignored until the
process is completed, at which time
the busy flag is reset.
Because the encyphering algorithm is a mirror image of the decyphering algorithm (and vice versa),
the Motorola device can make things
even more interesting. Data or keys
can be first decyphered by the
sender, and subsequently encyphered
by the receiver. This may sound
backwards, because it is. But once
again, if all involved know that the
algorithm is being applied in reverse
order, it works. Commercial production of the MGD68NE has just
begun; pricing is not yet firm.
Motorola Inc., Integrated Circuits division,
3501

Ed

Bluestein

Blvd.,

Austin,

Texas

78721 [338]
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ENE
recorder
accuracy
can you
carry in
one handanywhere?

,
Lk' eit y
4.11,1k1
The Gould 220 2annel r or or nbt o
gives you accuracy, but also the dependability and portability you need, whether
you're taking it to desolate locations or just
from bench to bench.
The Gould 220 offers ameasurement range
from lmV per division to 500V full scale with
four push-button controlled chart speeds and
two event markers. And you get Gould extras
like 99 1
/ % linearity and apressurized ink
2
system for clear, cfean, crisp traces. You can
even choose from 20 signal conditioners to
match your specific situation. All this in a
rugged unit that weighs only 25 pounds.
Get the cold facts on the Gould 220
2-channel recorder. Write to Gould Inc.,
Instruments Division, 3631 Perkins Avenue,
Cleveland, Ohio 44114.
Call free for brochure: (800) 325-6400,
1
ext. 77. In Missouri
An hectrfcal Electronrcs Company
(800) 342-6600.

"
> GOULD
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Data acquisition

Unit costing $12
has multiplexer
12-bit a-d converter
accommodates four inputs,
does 400 conversions/s
Monolithic analog-to-digital converters are increasingly being tailored to microprocessor systems—
not a bad strategy as data-acquisition systems scale down to microcomputer size. Nippon Electric
Corp. of Japan builds the latest such
a-d converter, which has the bonus
of a built-in multiplexer to up the
number of inputs.
Available in the U. S. through
NEC Microcomputers Inc., Wellesley, Mass., the µPD7002 is the first
microprocessor-bus—oriented 12-bit
a-d converter with on-board multiplexer that accommodates four analog inputs. Its conversion time is

fast—typically 5 ms—making it
suitable for waveform analysis and
automotive applications. What's
more, the chip operates with asingle
+ 5-v supply and a0-to-3-v external
reference, and since it is built with a
silicon-gate complementary-mos
process, it dissipates a maximum of
15 mw.
As shown in the figure, the microprocessor bus connection is an 8-bit
three-state port over which data and
instructions flow. Upon receipt of a
write command from the microprocessor, the converter selects an
analog input port and begins conversion. The 12-bit floating-point conversion data is then passed back to
the processor as aleft-justified word
within the 16-bit field made up of a
high byte and a low byte. A status
byte is also transmitted.
To support the four time-multiplexed analog inputs, NEC had to
design a relatively fast conversion
circuit. Kyuichi Hareyama of the
second IC design engineering department in NEC's Kawasaki City, Japan
IC division, explains that several new
approaches were used to boost speed:

"The 7002 uses avoltage-to-current
converter on the front end and operates as acurrent-mode device, making it faster."
NEC also went to an integrating
technique different from the usual
dual-slope integration. A scheme
NEC calls simultaneous integration
integrates both the reference current
and the analog-input current over
shorter intervals than the simple
two-slope integration. "This also
allows the integrator a much larger
equivalent output voltage range and
improves the signal-to-noise ratio,"
says Hareyama. David Millet, microprocessor product marketing
manager at NEC Microcomputers,
adds that the external integrating
capacitor can be much smaller—
typically 0.015
F. "The fastest
conversion takes 2.5 ms, which
works out to 400 per second," Millet
explains. "But 200 conversions per
second is typical."
The drift in the chip is 20 parts
per million per °C at zero and full
scale. The input impedance at any of
the analog inputs, which are singleended with arange between zero and
ANALOG INPUTS

MULTIPLEX
DECODE
REGISTER

DATA
BUS

ANALOG
MULTIPLEXER
+5-V
SUPPLY

HIGH BYTE

THREE-STATE
BUFFER

2.5-V
REFERENCE
VOLTAGE

LOW BYTE
STATUS

CONTROL-MODE
DATA REGISTER

12 BIT
DATA REGISTER

a-d ANALOG
SECTION
ANALOG
GROUND

CONTROL
LINES
SEQUENCECONTROL
SECTION

__GROUND
a-d DIGITAL
SECTION

I I
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CAPACITORS

RESISTORS

AND FURTHER

polyester, polycarbonate and polypropylene capacitors in foil/foil
versions and metalized,
aluminum-electrolyte capacitors,
tantalum capacitors with liquid
electrolyte,
tantalum capacitors with solid
semiconductor electrolyte,
ceramic capacitors.

carbon-film resistors,
metal-film resistors,
metal-oxide film resistors,
precision wirewound resistors,
potentiometers.

interference suppression devices,
voltage multipliers (cascades),
thick-film devices (thick-film hybrid
circuits, resistor networks, highvoltage resistors),
semiconductors and microcomputer learning systems.

The range
spectrum,
equipment
nents that

of application for ROEDERSTEIN components encompasses the whole entertainment electronics
household appliance and industrial electronics, communications, measuring and control, office
and computers, medical electronics, and the aerospace electronics sector. We can supply compomeet MIL, CECC and GfW specifications.

We will send you a short form catalogue upon request. If you need specific information a detailed catalogue is
available.

FIRMENGRUPPE

ROEDERSTEIN

D-8 3 O O LANDSHUT-FEDERAL REPUBLIC OF GERMANY-TELEX O 58 335(erola)
Circle 157 on reader service card

New products

Reader Service
I Quick, easy solutions to hundreds
Number
• of problems in frequency management. Complete information: physical and electrical char-

acteristics...detailed dimensions... accurate circuit
schematics.
All you need to specify quality components from the
leading specialists in frequency management. Call us at
(815) 786-8411, or circle Reader Service
Number shown below. CTS Knights, Inc.,
400 Reimann Avenue, Sandwich, Illinois
60548.

CTS

KNIGHTS, INC.

Circle 158 on reader service card

Our 32-channel logic state analyzer is amicrocomputer. Through software control it gives you
32 channels, data collection up to 12 million
words per second, 250 words of data memory,
21 triggering modes, signature analysis and more.
Call or write Paratronics, Inc., 122 Charcot Ave.,
San Jose, Ca, 95131, (408) 263-2252.

p

PARATRONICS INC.
Outside California—call toll free:
(800) 538-9713

POWERFUL!

the reference voltage, is 1 GO.
Worst-case linearity of the device is
0.05%. The 189-by-197-mil chip is
housed in a 28-pin plastic dual inline package.
At $12 each in hundreds, the 7002
is on par with the ICL7109 busoriented a-d converter from Intersil
Inc. [Electronics, Aug. 7, p. 130]. It
lacks Intersil's low drift and high
linearity specifications, but offers a
tenfold conversion-speed advantage
and four inputs against one. Initial
versions of the 7002 will be available
for sampling in August, with production volumes in September.
NEC Microcomputers Inc.,

173 Worcester

St., Wellesley, Mass. 02181. Phone (617)
237-1910 [381]

Acquisition modules feature
programmable gain options
Interfacing analog signals to microcomputers takes a painstaking effort
when space limitations require compact circuitry. Two recently introduced data-acquisition systems, the
DAS1150 and DAS1151, can ease
this design effort. Compact systems
with sample-and-hold circuitry and
12-bit analog-to-digital converters,
the modules have true 12-bit performance guaranteed up to a25-kHz
throughput at unity gain with a
maximum overall error of ± 1 least
significant bit. Packages for both are
2in. by 4in. by 0.4 in.
The 1151 features gains of 1, 2, 4,
or 8 selected by a TTL-compatible
digital input. With this instrumentation amplifier, where the gain is software-programmable, the module
provides dynamic range expansion
through subranging and also allows
use of different input signal levels.
The device has a maximum settling

-e Model 532,
$1950` phaprni,
and optioni.
price only
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Upward mobility.

New products
time of 15 gs with a nonlinearity
error at ± 1
/
2 LSB, typically. The
minimum common-mode rejection
ratio is 76 dB.
The 1150, with a resistorprogrammable instrumentation amplifier, has gains from 1to 1,000 —
full-scale input ranges from ± 10 mv
to ± 10 v—and a 13-kHz throughput rate. It has an overall error rate
of ±2 LSB when G = 1,000; nonlinearity is typically ± 1
2
/
LSB. Input
settling time varies from 15 gs when
G = 1 to 50 is when G = 1,000.
This device also has a minimum
76-dB common-mode rejection ratio.
In quantities of 1to 24, the 1150
system sells for $199 and the 1151
for $249. Delivery time is from stock
to two weeks.
Analog

Devices

Inc.,

P. O.

Box

280,

Norwood, Mass. 02062. Phone Mark Skillings at (617) 329-4700 [383]

ECL makes fast 12-bit
digital-to-analog converter
When are you going to get your very
own, personal subscription to Electronics?
It could be very important to you.
And we're not just referring to your status in the
office hierarchy
You (and we) are in aquick-moving
business. News breaks frequently Change is the
name of the game. Awareness is the way to win
You've got to follow what's going on
beyond your specialty Your career may have to
last longer than your specialty
If change is the game, obsolescence is
the penalty for losing. Obsolescence of products,
of technology and, unfortunately of people. We
can't change this fact. But we can help you cope
with it.
Give us one hour of reading time every
two weeks and we will keep you aware of what's
going on around you and around the changing
world of electronics technology

Fast is getting faster with Hybrid
Systems 12-bit emitter-coupled-logic
digital-to-analog converter. The
DAC397-12 settles to within
±0.01% of full scale in 40 ns typically and 50 ns maximum. The unit
will settle to within ±0.2% in 30 ns
and ± 1% in 20 ns.
With a ± 0.0125% nonlinearity
rating, the 397 has output ranges of
0to —16 mA or ± 8mA and aglitch
area of 2.5 mA-ns. Input coding is
complementary binary or complementary offset binary for unipolar or
bipolar operations, respectively. The
397 has alinearity drift of ± 5parts
per million/ °C and a gain drift of
± 25 ppmt C.
A commercial version of the

Move up. Fill out one of the subscription postcards in this issue.

Electronics Magazine.
The one worth paying for.
160
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RAM Tamer

Intel's new 8202 RAM controller makes
dynamic memory behave like static.

Good news for microprocessor
system designers. Now you can
take advantage of the density and
economies of dynamic memory
with all the convenience and
design simplicity of static RAMs.
You'll reduce component count
fourfold, cut power dissipation per
bit tenfold or better and save
money, too.
Just design in Intel's new single
chip 8202 dynamic RAM controller. It unburdens the CPU of
all refresh and address clocking
and provides all bus multiplexing required to interface with 4K and 16K
RAMs and Intel's 5V only
16K 2118, too.
Another labor-saving device.
Intel's family of 28 microprocessor peripheral devices
all help designers avoid the
time, cost and complexity of
custom interface and control
logic.
That's just what the 8202
does. It's atotal solution; it
handles all the arbitration,
refresh and clocking required
by dynamic memory and does it
regardless of reset or DMA transfers
and without asking the CPU to
relinquish the bus. And it does
all this with one 40-pin bipolar
component.
Designers have always been
attracted to dynamic memory for
the highest density and power
sensitive applications..
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Now our 8086 16-bit microprocessor, able to address afull
megabyte of memory, has created
anew class of microcomputer
applications where the traditional
advantages of dynamic RAM
look even more attractive.
Performs all system control.
The 8202 provides all system
support needed to control and
refresh up to 16K bytes
of 4K

Failsafe refresh is assured.
Internal refresh is done at the
correct refresh rate for the specific
memory device involved. Regardless of processor state, refresh takes
place on schedule. External refresh
—a CPU command to perform
arefresh—permits synchronized
or "hidden" refresh, too.
Design flexibility.
The 8202 interfaces directly to
the 8080A bus, to the demultiplexed 8085A bus and to the
demultiplexed 8086 bus. Eight
8202's can be grouped in an 8086
maximum mode system to provide
control and addressing for afull
megabyte of dynamic RAM.
To order any of the 28 Intel®
peripheral interface and control
components, contact your distributor. Or for more information
on them and the 8202 dynamic
RAM controller, write Intel
Corporation, 3065 Bowers
Avenue, Santa Clara, CA
95051.

delivers.
dynamic RAM or 64K bytes of
16K dynamic RAM in your 8085A
systems. For 8086 systems, the
8202 output drives up to 128K
bytes—as many as sixty-four
16K RAMs.

Europe: Intel International, Brussels, Belgium. Japan:
Intel Japan, Tokyo. United States and Canadian distributors:
Arrow Electronics, Alliance, Almac/Stroum, Component
Specialties, Cramer, Hamilton/Avnet, Harvey, Industrial
Components, Pioneer. Wyle/Elmar, Wyle/Liberty,
L.A.Varah and Zentronics.
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1HE BENCH-TYPE DMM'e
FROM SOAR
THEY FIT
YOUR BUDGET AND ALL OF
YOUR NEEDS
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2 digit displays, auto ranging, automatic zero adjustment, automatic polarity indication,
battery operation or optional AC to DC adapters—these are just
some of the features that make SOAR's bench-type DMM'S
different and better.
Take our MC-545. It's priced below $290, and it measures DC
voltages to 1000 V, AC voltages to 750 V, DC and AC current to
1000 mA, and resistance to 20 meg. Maximum indication is 19999
or —19999. It also comes with an optional BCD output (8, 4, 2, 1) for
connecting the multimeter between a CPU and a digital recorder.

And then we have the top of
the line—the MC-546. It has
most of the features of the 545
plus auto ranging.
4MC-546

New products
converter—the DAC397C-12 — operates over a0° to 70 ° C temperature
range, while a military version—the
DAC397B-12, fully processed to
MIL-STD-883B —operates from
— 55 ° to +85 ° C. Both units are
housed in 24-pin, double-width,
metal dual in-line packages, and
each has an internal ± 10-v reference; an external reference may be
used if desired. The devices operate
with a ± 15-v and — 1.3-v power
supply.
In small quantities the commercial version sells for $368 and is
available in two to four weeks. The
military version sells for $460 with
deliveries in 8to 12 weeks.
Hybrid Systems Corp., Crosby Drive, Bedford Research Park, Bedford, Mass. 01730.
Phone Paul Goss at (617) 275-1570 [385]

Optically coupled I/O board
protects series 80 computer

If a 31/
2 digit display satisfies
your requirements, consider
the MC-535 or MC-536. They
have HI-LO Ohm switches for
all ranges, and prices start at
$199.95.
MC-536>

To get the full story, call or write for afree catalog on SOAR's entire
line of dependable and economical test instruments.

eio

SOAR

corporation

SOAR ELECTRONICS (U.S.A.) CORP.
200 13TH AVENUE
RONKONKOMA, NEW YORK 11779
TEL. (516) 981-6444/TELEX 144638

Circle 162 on reader service card
Leaders in Electronics
The only reference devoted solely
to biographies of the most
influential people in electronics
•corporate executives •technical
managers •designers and developers •government and military officials •academics •editors/publishers •securities analysts •
trade/professional group directors •
consultants ... plus an 80-page index
of biographees by affiliation.
Prepared by the staff of Electronics
magazine. 5,240 biographies. 651
pages, clothbound. $39.50
162

Electronics Magazine Books
P.O. Box 669, Hightstown, NJ 08520
(609) 448-1700, ext. 5494
Send me
copies of Leaders in
Electronics @ $39.50 plus applicable sales tax.
McGraw-Hill pays regular shipping and handling charges on pre-paid orders.
E Payment enclosed

Bill firm

E Bill me

Name
Company
Street
City

A central computer system governing silicon controlled rectifiers,
triacs, relays, motors, and solenoids
is also vulnerable to the effects of
ground loops and high-voltage
surges. The BLC-556 eliminates
these effects for the series 80 microcomputer, protecting it from voltages up to 500 V de with optical
coupling.
The board has 48 input/output
lines; three eight-line dedicated input ports, where the inputs may be
either single-ended or differential;
two eight-line dedicated output
ports; one programmable port available as an eight-line input or output
or afour-line input and output. Lineto-line maximum isolation is 230
dc or peak ac, and for input and
output 500 V dc or peak ac. Using
standard 8080A I/O commands, the
CPU communicates with the BLC556. Interrupts may be enabled or
disabled by jumper selection.
In quantities of one to nine, the
board is priced at $355, with shipments within four weeks after
receipt of orders.
National Semiconductor Corp., 2900 Semi-

State

Zip

conductor Dr., Santa Clara, Calif. 95051.
Phone Larry Choice at (408) 737-6716 [387]

Signature
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NEW,
FLEXIBLE,
GOULD
60 MHz
SCOPE.

The Gould 053500
provides the latest in
oscilloscope operating
features. The 6 ns risetime
combines with a third
channel trigger view and
holdoff to make the
instrument ideal for the
digital engineer.
• DC — 60 MHz at 2mV/cm
(100 MHz trigger)
• 8 cm x 10 CRT operating
at 12 kV
• Composite trigger, 3rd
channel trigger view
and holdoff
• Alternate timebase mode
displays both delayed
and intensified sweeps
simultaneously
•Add-on, retrofittable,
DM3010 digital measuring option increases
accuracy in amplitude,
time and frequency
measurements
• Unique two-year
warranty covers all parts
and labor (exclusive of
fuses, calibration and
minor maintenance)

am> oouLD
An Electrical/Electronics Company

For a demonstration or
answers to any questions
on the 083500, call
(216) 361-3315. Gould Inc.,
Instruments Division,
3631 Perkins Ave.,
Cleveland, Ohio 44114.
Call free for brochure:
(800) 325-6400. In Missouri
(800) 342-6600.

Circle 222 on reader service card

ALCO's TT Series are
the industry's broadest and most
unique selection of sub-miniature toggle s
ch products,
encompassing mating slides and pushbuttons. Design stress is
toward switch products fitting a 0.1" PC grid standard. The
TT Series were developed witn printed circuitry in mind
having gold plated contacts and terminals as standard, proprietary preformed terminals and a constant height level to
fit between PC boards placed on 1/2" centers. Sub-miniature
switches decreased in size without compromise in quality.

FILM:SNITCH®

ALCO ELECTRONIC PRODUCTS, INC. a subsidiary of Augat 0
1551 Osgood St., No. Andover, MA. 01845 USA
Tel :(617) 685-4371 TWX: 710 342-0552

./
Circle 223 on reader service card

130 nsec Wideband
Power Operational Amplifier
Ultra-Fast Settling
with High Output Current
... is achieved with our 1435 ultra fast operational
amplifier and our 2035 fast current booster. The
result is a 700 MHz Gain Bandwidth op amp that
settles under 130 nsec to .025% with an output of
±5 V at ±100 mA. In addition, these units offer
operation from -55 °C to +125 °C and the high reliability that is inherent in MIL-STD-883 screening.

Just one more reason why ...
No One Does It Better Than Phibrick
Circle 163 on reader service card

irTELEDYNE PHILBRICK

DATA CONVERTERS, V/FN CONVERTERS, LINEARS, NONLINEARS, POWER SUPPLIES

; Allied Drive at Route 128, Dedham, Massachusetts 02026
Tel: (617) 329-1600 TWX: 1710/ 348-6726 Telex: 92-4439

General Electric Sells Little Bags of Gold...
Germanium Tunnel Diodes
Beneath our gold -protected exterior lies solid
performance backed by twenty years of research,
product evolution and continual improvement.
Germanium tunnel diodes' feature:
• Picosecond switching
• Nanovolt sensitivity
• Low noise
• Small size
• Deceptively simple circuitry
• High reliability
Interested in bagging some gold of your own?
Contact your nearest Electronic Components Sales

There's more
to GE semiconductors
than meets the eye

office or authorized GE distributor for more
information or to place an order.

GENERAL

ELECTRIC

THINK
BAUSCH & LOMB
VERSATILITY
When your research work depends on quality, precision,
and reliability—think StereoZoom® microscope versatility.
Since BAUSCH & LOMB introduced the first zooming stereo
microscopes in 1959, more researchers all over the
world have put StereoZoom microscopes to work
for them than any other instruments of their kind.
The reasons all relate to BAUSCH & LOMB versatility.
An unparalleled variety of illuminators, stands, and
accessories team up with optimum balance of resolution
and depth of field, precision optics, highly reliable mechanical components, and precise
photomicrographic exposure
capabilities.
(11/

ANNIVERSARY

From failure analysis to quality
assurance to biological research, there's a
BAUSCH & LOMB StereoZoom microscope precisely
right for your laboratory. Write or call for a detailed catalog or
demonstration. THINK BAUSCH & LOMB ...Versatility since 1874.

BAUSCH & LOMB 0
Scientific Optical Products Division

Consult Yellow Pages under "Microscopes"

Rochester, New York 14602 USA
716-338-6000, TWX 510-253-6189
TELEX 97-8231, CABLE: Bausch & Lomb
In CANADA: Bausch & Lomb Canada Ltd.

2001 Leslie Street

Circle 164 for more information

Don Mills, M3B2M3, Ontario, Canada

(416) 447-9101

Circle 246 for immediate demonstration

When you need
illuminated switches,
or more than
illuminated switches...

Dial ight is the first place to look. We make just about
any kind of illuminated push button switch that anyone could want ...Single lamp, dual lamp, neon,
incandescent, LED lighted, you name it.
Perhaps you're looking for snap action switches
with silver or gold contacts, or wiping action switches with gold contacts for low level application.
And if you're looking for rear panel or front
bezel mounting switches, switches with momentary
or alternate actions, or high quality switches for
computer applications, we have them.
You'll find that Dialight switches are not only
available at a reasonable price, they're also available with some very attractive features. Lamp removal is from the front so you don't have to remove

an entire switch just to change a lamp. And you
never have to use anything more complicated than
your fingers for replacement or installation.
Along with outstanding variety and design, you
get superior Dial ight quality. Most Dia I
ight switches
are Underwriter's Laboratory listed and CSA approved.
And Dialight distributors are widely located
throughout the United States, Canada and worldwide.
Call or write Dial ight today. We'll send you our
free switch cata[ogs so you can select a quality
switch that's American
made and Dialight guaranteed.
A North American Philips Company

IALIGH

Dialight meets your needs.
Dialight,

203 Harrison Place, Brooklyn, N.Y. 11237 (212) 497-7600

Circle 165 on reader service card

New products
Instruments

Counters move
lab to bench
Low-cost units feature
precision input amplifiers
and low-pass filters
As digital systems get faster and
more complex, production and test
engineers find that they need frequency counters with specifications
formerly found only in instruments
intended for use in the measurement
laboratory. To provide those specifications for under $1,000, the John
Fluke Manufacturing Co. is introducing four new 7200 series units—
three universal counter/timers and
one frequency-only instrument.
Two of the counter/timers, the
7260A and the 7261A, are highperformance 125-MHz units with
sensitive (10-mv rms) wideband
input amplifiers and such standard

features as a 100-kHz low-pass filter,
markers, trigger-level outputs, and
time-interval hold-off capability.
The 7261A, which is aimed at
"guys working on the leading edge,"
according to Lee Meyer, product
manager, general test and services,
can make one-shot time-interval
measurements with 10-ns resolution
and has an averaging mode for even
better performance on repetitive signals. For effective averaging of
extremely stable signals, a jittered
clock is available as an option. The
7260A, which Meyer thinks will be
used mostly by development engineers, can resolve 100 ns. Options
for both benchtoppers include a
500-MHz direct third channel, atime
base in an oven, and batteries for
portable operation and for keeping
the optional crystal oven powered at
all times.
For production-oriented operations, where cost is the main consideration, Fluke has developed the
7250A —an 80-MHz universal unit
that measures time intervals with a
resolution of 100 ns and offers period averaging for extra resolution in

the period mode. It provides both
manual and autoranging operation.
To reduce the effects of noise on
measurement accuracy, it has a
100-kHz low-pass filter and continuously adjustable input attenuators.
For the communications market,
Fluke offers the dedicated 7220A, a
frequency-only counter billed as providing 1.3 GHz performance at a
500-MHz price. It covers the 1.3 GHz
in two ranges-5 Hz to 125 MHz,
through a high-impedance port, and
50 mHz to 1.3 GHz through a 50-e
port. The high-impedance channel
includes a continuously variable
attenuator and a switch-selectable
100-kHz low-pass filter. Standard
features include burst-measurement
capability, resolution that may be
manually adjusted from 0.1 to 100
Hz, and anine-digit LED display.
As the low-pass filters and adjustable input attenuators make clear,
the engineers at Fluke are acutely
aware of the effect that noise can
have on accuracy. This awareness is
also demonstrated by their development of an interference shield to
protect the sensitive input amplifiers
in all of the counters.
For users who may want to link
any of the instruments to the IEEE488 bus, the 1120A interface translator is also being provided. One
1120A can handle up to three instruments, and an unlimited number of
1120As may be added to a system.
The counters are housed in Fluke's
stackable case, which means that
several of them (and other instruments) may be stacked and locked
together with or without a 1120A.
Base prices for the counters are:
$995 for the 7261A, $850 for the
7260A, $675 for the 7250A, and
below $900 for the 7220A.
John Fluke Manufacturing Co., P. O. Box
43210,

Mountlake Terrace, Wash.

98043

[351]

21 -GHz spectrum analyzer
combines uses for $9,500
Some engineers would like to use a
microwave spectrum analyzer'• in a
laboratory environment, while others
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This integrated circuit was manufactured
to acustom design
and delivered in amatter of weeks.
y

OU CAN CUT DEVELOPMENT TIME UP

TO NINE MONTHS ON BIPOLAR AND I
2L

CUSTOM

CHIPS...WHILE

COSTS TO THE

UNIQUE "SEMI-CUSTOM
GRAM"

FROM

YOU

SLICE

BONE...THROUGH THE
EXAR

DESIGN

INTEGRATED

PROSYS-

Compared to traditional development times for custom ICs, which
frequently exceed one year, and tooling costs which can be five to ten times
greater, this new concept allows custom
chips to be justified economically at
far smaller quantities than previously
thought practical.

TEMS.

How the semi-custom idea works.
Exar's standardized circuits contain undedicated active and passive components
such as transistors, resistors, logic gates,
etc., fabricated onto the chip, but left unconnected. You choose how to interconnect these components to create your own
custom circuit. The actual interconnection process is simple, requiring only one
to three layers of tooling. As a result,
development time compresses drastically,
becomes far less expensive and virtually
risk free.
Choose from eight different chips.
Five of the standard semicustom chips are
bipolar, and are best suited for linear designs. Some (XR-A100, XRC100, XR-F100) feature high
current NPN output transistors, making them suitable for
drive circuits. The others
(XR-B100, XR-D100), more
appropriate for signal amplification or control circuits,
contain only small signal, low
current transistors. All, however, present the designer a
wide variety of NPN and PNP
transistors, Schottky diodes,
various resistors and ample
bonding pads.
Exar's three PL digital chips (XR300, XR-400, XR-500) contain high density I
2Llogic arrays and bipolar interface
circuitry. Outwardly they look and per-

form like abipolar LSI chip, readily interfacing with TTL or MOS level signals.
This feature, incidentally, makes it very
convenient to retrofit I
2LLSI designs into
existing MOS or TTL logic systems.
And Exar has in development additional semi-custom chips offering even
greater applications flexibility.
If you decide to modify your design.
Even after evaluation of initial design
prototypes, if you see aneed to modify the
custom chip, a new design iteration
usually takes less time than the original
development cycle. And typical costs of
additional design cycles are proportionately less than the original prototype development cost.
What about second sources?
This is one of our most asked questions.
In response, Exar has made alternatesource agreements with other IC manufacturers, so you can specify and order
custom circuits with confidence.
Testing, testing.
After prototype acceptance of semicustom devices, Exar will develop
software and fixtures for fully testing all
production ICs. Production devices receive 100% electrical testing, and are

«at

Section of an Exar Master Chip before customizing. Note the individual circuit components already on-chip, but still unconnected. After the customer has designed circuit connections according
to his system needs, Exar prepares afinal mask and
fabricates the custom chip, as shown in large
photograph above.

screened to agreed-upon Acceptable
Quality Level (AQL) standards. Charges
for this test engineering are nominal, and
vary depending on the complexity of
the tests.
Semi-custom to full custom.
For when the numbers get big.
Because Exar manufactures its own wafers, it can grow with your needs. As your
product matures we can convert your
semi-custom chip into acustomized IC.
Consider the advantages: You get the
quick, inexpensive turnaround of semicustom chips, providing prototypes and
intial production units; then when your
design has proven itself and your market
has developed, the subsequent full custom product provides further cost savings at high volume production... often
with asignificant improvement in product performance!
Design kits make it simple.
Exar provides linear and digital design
kits, including circuit components for
breadboarding, comprehensive design
manuals and layout worksheets corresponding to Exar's master chips. These,
as well as technical assistance when you
need it, will speed and simplify your preliminary steps toward custom IC design.
Learn the economics
and advantages of
semi-custom.
Exar's entire semi-custom
story is detailed in a 40-page
data book, "Semi-Custom IC
Design Programs." For your
copy, write on company letterhead to your nearest Exar
representative or to Exar, 750
Palomar Ave., Sunnyvale, CA
94086.

Exar can convert your semi-custom chip to acustom IC, reducing chip size, saving money, and often
providing added performance benefits.

VÁLJ 4"/ ,1
Circle 167 on reader service card

FOR THE EXAR REPRESENTATIVE NEAREST YOU, CALL EXAR AT (408) 732-7970.

j

The biographies of 5,240
of your colleagues ...

New products

Profiles the Top Management
of Major Electronics Firms
throughout the World
—and more
This is the only reference devoted solely to biographies of the
most influential people in electronics: corporate executives...
technical managers...designers and developers of important
products and processes ...government and military officials...
academics... editors and publishers... securities analysts...
directors of trade and professional groups ...and consultants.

McGraw-Hill's

Leaders in
Electronics

might need such an instrument for
product and service applications.
The model 8559A plug-in now
combines laboratory accuracy and
portability in a 1O-MHz-to-21 -GHz
instrument.
In the range of 0.01 to 3GHz, the
8559A has an average noise of
—111 dem/kHz, a frequency response of 1.0 dB, and an overall
amplitude accuracy of 2.3 dB. At
18
GH z,
average
noise
is
—92 dBm/kHz, flatness is 2.3 dB,
and amplitude accuracy is 3.6 dB.
Frequency accuracy is 4 MHz at 1
GHz and 47 MHz at 21 GHz. A fivedigit light-emitting-diode display
provides 1-MHz resolution.
Resolution bandwidths of 1 kHz
and 3kHz allow detailed analysis; or
bandwidths as wide as 3mHz hasten
wide-span sweeps and increase the

Prepared by the Staff
of Electronics
651 pages
As easy to read as any professional
publication in electronics

With LEADERS IN ELECTRONICS on your bookshelf, you no
longer have to search through many different sources for biographical data on your colleagues. What's more, you don't have
to strain your eyes reading minuscule type, nor do you have to
waste valuable time trying to decipher seemingly endless paragraphs of abbreviations. Boldface type spotlights the various
information categories so that you can scan entries rapidly to
pinpoint what you need.

Unique convenience feature...
Index of biographees by affiliation
A special 80-page index lists individual organizations alphabetically, complete with the names and titles of top employees. By
looking up the names in the general biography listing, you can
get acomplete profile of the organization's top management in
amatter of minutes. Plus an easy-access listing of independent
consultants in every electronics specialty.

EElectronics Magazine Books

P.O. Box 669, Hightstown, NJ 08520

Send me
_
copies of Leaders in
Electronics @ $39.50 plus applicable sales tax.
McGraw-Hill pays regular shipping and handling charges on pre-paid orders.
Imust be fully satisfied or you will refund full
payment if the book is returned after ten-day
trial examination.
E Payment enclosed
E Bill firm
',72. Bill me
Charge to my credit card: E American Express
E Diners Club

E Visa

E Master Charge

Acct. No.

Date Exp.

On Master Charge only,
first numbers above name
Name
Company
Street
City
Signature

State

Zip

signal-to-noise ratio for pulsed rf
measurements. An alternate i
-f permits analysis at the unit's first i
-f
(3 GHz).
Weighing 38 lb, the 8559A has
push-button band selection coupled
with asignal identifier function that
can be used over a broad range of
spans-100 kHz to 10 MHz/division—to simplify operation on all
harmonic mixing modes.
Complete with a model 182T
large-screen mainframe, the analyzer sells for $9,600. Shipments are
scheduled to begin in September,
with delivery time in seven weeks.
Hewlett-Packard Co.,

1507 Page Mill Rd.,

Palo Alto, Calif. 94304 [353]
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A Place to
Rinse Your Mind
Oregon. Much of its natural beauty remains. It is
an ideal place to grow. We grew here ... from a
small shop to aFortune 500 R&D and
manufacturing complex. We're still growing. Rich
green forests and fields, streams, mountains, and
boating waters to the Sea. We believe there is no
better contrast for high technology thinking: and
no better prescription for clearing the mental
clutter that can stand in the way of afresh idea. It
works. One of our engineering managers recently
ad-libbed: -We've gotten into the habit of
success." Our concern is more than technical
excellence. Excellence in people, and support for
what they believe they can dio is the expectation
we place on our commitment. Learn more about
us, and about what we car do together. There are
,
continuing opportunities ranging from advanced
4-lybrid Microelectronic R&D to IC and Instrument
Production and Marketing. If you have any of the
skills afresh idea company ... aFortune 500
leader in Instrumentation Graphic Display, and
Computer Peripherals canUse, writeto us:
Professional Staffing, TEKTRONIX,'INC.,.p.O. Box
500, Beaverton, Oregon 97077.
A full color print of this scene is avOable at no
obligation. Just drop anote to: Bill Eppick at the
above address.
An Equal Opportunity Employer

Tektronix
COMMITTED TO EXCELLENCE
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Now —what was it you wanted to sell us?"

McGraw-Hill helps you do business
in the Peoples Republic of China.
You know how advertising in
McGraw-Hill magazines helps your company contact prospects, arouse interest in
products, overcome sales resistance, and
create preference when you're selling to
businesses here in America.
But you may not know that McGrawHill's American Industrial Report can do the
very same things to help you sell to your
toughest prospects in the People's Republic
of China. And you also may not know that
American Industrial Report, as the first U.S.
technical magazine accepted into modern
China, has more than five years of experience and marketing expertise.
During the early 1980's, the People's
Republic of China will spend an estimated
$30 billion-plus for foreign technology and
capital goods. By 1985, they'll be buying a
projected total of $12-15 billion worth from
companies in the United States.
Obviously, the People's Republic of
China is an important new market for
American manufacturers.
But it's one thing to identify an important new market. And quite another to successfully capture ashare of it.

Selling industrial products in the P.R.C.
involves the same problems as selling them
in the U.S.
Plus the problems of adifferent language and culture. And adifferent political,
economic and foreign trade system.
There are almost 1billion Chinese.
McGraw-Hill's American Industrial
Report reaches the .1%you need
to do business with.
Every month,Amerkan Industrial
Report reaches 35,000 end-users, engineers,
managers, Foreign'frade Corporation and
ministry officials. With an estimated passalong of 50 readers per copy, that gives you
exposure to 1million Chinese —the .1% of
the population who, as key decision-makers,
are your key prospects.
American Industrial Report also helps
you reach them in their own language. With
free translation of your advertising copy
into modern Chinese characters —the kind
used in technical journals in the P.R.C., not
Hong Kong or Singapore. We also give you
free, expert advice on how to avoid the kind
of political and cultural errors that could

alienate or confuse the very people you're
trying to sell to.
A free guide to selling in the P. R.C.
and to the magazine that helps
you do it.
American Industrial Report would like
to share what it's learned over more than
five years of serving end-users in the People's
Republic of China —and serving American
advertisers who want to sell to them.
We've put it all into afree 84-page
guidebook, which you can get by writing
American Industrial Report,1221 Avenue of
the Americas, New York, New York 10020.
Or calling Robert Christie at 212-997-6730.
Write or call for your copy today.
Now that the People's Republic of China
has opened the door, see how American
Industrial Report can help you get afoot in it.
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McGraw-Hill Magazines

Now, all the best features of low cost,

low energy, lighted pushbutton switches in asingle line.
Licon's Series 05 and 05-6 Series LPB Switches are your reliable, economical
answer to awide variety of complicated lighted pushbutton switch requirements.
They're the ideal LPB's for applications requiring low level switching and
economy. Proven, bifurcated silver plated contacts. No expensive gold
contacts. Self-cleaning wiping action provides exceptonal reliability.
These amazing little switches are highly versatile. Momentary and maintained
action styles plus lighted and non-lighted versions. Maintained action switches
offer "dual indication," i.e., light and lens position.
And look at our light savers' exclusive design. Smooth, pleasing "feel". Snap-in
bezel mounting for rigid retention. .110 quick disconnect or PC board terminals.
Rainbow of colored lens cap choices. U.L. Listing.
05 Series LPB's fit .625 square panel hole size; accept low cost T13
4 wedge
/
base lamp. Relamp from front panel. 1Amp., 125 VAC rating. Compatible L.E.D.
version complete with L.E.D. display lens.
05-6 Series LPB's mount in .750 square panel
cutout. Use versatile front panel replaceable T 13
4
/
flange base lamp. 1or 3Amp. versions, 125 VAC
rating. Lens barriers available.
For full details, contact your local Licon Salesman or
Distributor, or call or write for our Switch Catalog:
LICON, 6615 West Irving Park Road, Chicago,
Illinois 60634. Phone (312) 282-4040.
TWX: 910-221-0275.

On

LICON
DivisloN or ILLINOIS

e Illinois Tool Works Inc. 1979
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CIRCLE NO. 171 FOR FULL DETAILS

CIRCLE NO. 224 TO HAVE SALESMAN CALL

New products
only 20 w, compared to 23 w for a
smaller 128-kiloword version populated with three-supply 16-K devices,
Motorola says. Both the 1119 and
the 1102 require DEC memory management for use. The 1102 hooks up
to DEC's Q bus-plus.
Motorola expects to pick up
Populated with 64-K RAMs,
customers for the new boards among
DEC computer users who need addiboard will run in any PDP
tional memory capacity but have no
model that uses DEC's Unibus
room for expansion in existing card
cages. The 1102 can reach the LSI11/23's maximum address capability
For add-in memory users who are
with a single card, whereas the 4willing to pay the premium assomegabyte address capability of
ciated with leading-edge chip techPDP-11 systems using the expanded
nology, Motorola's memory systems
Unibus can be achieved using only
group is promising eight-week defour fully configured 1119s, Motorolivery times on two new board prodla officials point out.
ucts to be populated with Motorola's
Both the 1102 and 1119 are also
MCM6664 dynamic random-accessoffered in a configuration using
memory components.
When fully populated with 144 of lower-density 16-K RAMs. As the
64-K chip technology matures, Mothe 65,536-bit chips, the MMS1119
module provides a full megabyte of torola officials say they may be able
to achieve some speed improvements
storage with parity on a single card
when using the denser chips. But
for use with Digital Equipment
initially, they add, 1119 boards using
Corp.'s PDP-11 series of 16-bit minithe 64-K chips are specified at the
computers. Another board, the
same 300-ns typica1/360-ns maxiMMS1102, is designed for use with
DEC's LSI-11/23 and packs in a mum read access times as are boards
using the 16-K chips.
quarter megabyte with parity per
The on-board parity control proboard using 36 of the 64-K chips.
vided as a standard feature on both
Organized as 524,288 words of 18
the 1102 and 1119 does not degrade
bits each, the 1119 will run in any
access or cycle times, Motorola says.
PDP model that uses DEC's Unibus
The feature may be eliminated,
or modified Unibus, and it will allow
however, for users who don't need it.
users to quadruple memory capacity
Automatic on-board refresh capabilwith no increase in required power.
ity is similarly provided as a soFully loaded with the single-supply
called standard option.
64-K components, the 1119 requires

Computers & peripherals

Board stores
amegabyte

.1•11111111r
,
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In its maximum 512-kiloword
capacity, with parity and refresh, the
1119 is priced at $52,440 in quantities of one to nine, though discounts
are available on large-quantity orders to original-equipment manufacturers. The 1102, in its maximum
128-kiloword capacity with parity
and refresh, is priced at $13,090 in
quantities of one to nine.
Motorola Memory Systems, 3501 Ed Bluestein

Blvd.,

Austin,

Texas 78721.

Phone

(512) 928-6776 [361]

Display terminals match up
for remote diagnostics
Systems engineers and applications
programmers will be spending more
time designing computer systems
and writing programs and less
attacking hardware and software
problems thanks to two recently
introduced display terminals that
provide diagnostic system support by
telephone from remote locations.
The Dasher D4 is auser's diagnostic
display terminal, while the D5 is a
diagnostic display for the central
support center. Both are integrated
video/communications subsystems
providing data and voice communications over a direct-dial telephone
link.
A user with a problem contacts
the support center by telephone, and
information is exchanged via the
respective terminals. For example,
information appearing on the user's
terminal is displayed at the center to
demonstrate the problem. The support personnel then attempt to solve
the problem by activating remote
system diagnostics or by correcting
program errors.
The DS has an external tabletop
communication controller, while the
D4 uses an integral one. The terminals form a simultaneous voice and
data-communications link, including
a full-duplex modem with split
transmission rates at both ends.
Data is transmitted from the
user's terminal to the central terminal at 2,400 bauds. Information sent
interactively from the control center
is at 150 bauds. These terminals may
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ELEC-TROL
VARI-PACK
REED RELAYS

ELEC-TROL
RELAYS

SEALED REED RELAYS
AT LOWER COST
Elearol's new commercial grade,
form A Blue Boy Reed Relays
are now offered in production
quantities for as low as 59s, and
both commercial and instrumentgrade units are available from
distributor stock Although completely sealed against hazardous
environments, production cleaning solvents, and rough handling,
these Blue Boys cost far less than
standard sealed units. For more
information, contact your local
distributor.
Try our free samples.
AUTHORIZED DISTRIBUTORS

NOW! A NEW LINE OF LOW-COST
OPEN AND SEALED REED RELAYS
Elec-Trol now offers aline of Van-Pack Reed Relays featuring both low-cost open units and inexpensive sealed units.
The sealed units are about the same size as the former encased models, and the new open units have narrower bobbins
and are smaller than previous models for improved packing
density. Both models are available with coil ratings of 5, 6,12,
24, and 48 VDC; and they retain all the electrical performance
characteristics of Elec-Trol's former open and encased lines.
Terminals are 0.1" grid by 1", center-to-center. Height: .375"
Van-Pack relays are offered with dry reed contact forms A,
B, and C, and mercury-wetted contact form A, in single and
multiple pole versions. All form B relays are furnished with
magnetic shielding, which is available as an option on form A
and C relays. The new sealed versions sell for approximately
30% less than former encased units, and the new open versions
are priced about the same as ElecTrol's previous line of open relays.
For more information, use the reader service card. For samples
or off-the-shelf delivery, contact your Elec-Trol distributor.
Elec-Trol, Inc., 26477 N. Golden Valley Road, Saugus, CA
91350. (213) 788-7292, (805) 252-8330. TELEX 18-1151.

ELEC-TROL
Circle 173 on reader service card

ALABAMA HUNTSVILLE
Component Distributors, Inc. 1205) 883-7501
CALIFORNIA
IRVINE
Acacia Sales, Inc. (714) 549-0954,
(213) 971-2428
CALIFORNIA
SAN DIEGO
Acacia Sales, Inc (714) 565-4365
CALIFORNIA SUNNYVALE
Acacia Sales. Inc. (408) 745-7200
CALIFORNIA VAN NUYS
Patane Avionics, Inc. (213) 988-4455
CANADA
DOWNSVIEW, ONT.
Semad Electronics Ltd. (416) 663-5650
COLORADO LAKEWOOD
Acacia Sales, Inc. (303) 232-2882
FLORIDA CLEARWATER
Diplomat/Electronics, Inc. (813) 443-4514
FLORIDA FORT LAUDERDALE
Component Distributors. Inc. (305) 971-4950
ILLINOIS ELK GROVE VILLAGE
Diplomat/Electronics, Inc. (312) 595-1000
MASSACHUSETTS HOLLISTON
Diplomat/Electronics, Inc. (617)4294121
MICHIGAN FARMINGTON
Diplomat/Electronics, Inc. (313) 477-3200
MINNESOTA MINNEAPOLIS
Diplomat/Electronics, Inc. (612)788-8601
MISSOURI ST. LOUIS
Diplomat/Electronics, Inc. (314) 645-8550
NEW JERSEY EDISON
Brothers Electronics, Inc. (201) 985-3000
NEW YORK MT. VERNON
Kin .
Fronk s, Inc.
(914) 668-9809
OHIO SOLON (CLEVELAND)
Repco (216) 248-8900
OREGON Beaverton
Parrott Electronics, Inc. (503) 641-3355
PENNSYLVANIA
HUNTINGDON VALLEY
Shap Electronics Co., Inc. (215) 322-7150
TEXAS DALLAS
Solid State Electronics Co. of Texas, Inc.
(214) 352-2601
TEXAS
HOUSTON
Harrison Equipment Co. (713) 652-4750
Solid State Electronics Co. of Texas, Inc.
(713) 772-8510
UTAH SALT LAKE CITY
Diplomat/Electronics, Inc. (801) 486-4134

Circle 172 on reader service card

CRYSTAL
CLOCK
OSCILLATORS
K1135A, B
BAUD RATE
GENERATORS

New products
be used as applications terminals for
business computers, if diagnostics
are not needed, or as an added function of the system consoles.
The D4 goes for $4,500 and the
D5 for $6,500. Each is available
within 90 days.
Data General Corp.,

Route 9,

Westboro,

Mass. 01581. Phone (617) 366-8911 [363]
K1 152A
CMOS/NMOS
COMPATIBLE

8085-based CRT terminal has
K1 150A
CMOS
8041/8741
DRIVER

LOCO II

K1 100A
TTL
COMPATIBLE
CRYSTAL
CLOCK
OSCILLATORS

K1091A

are the
industry standard!

HERE'S WHY:
Id

the widest line of thick film
crystal clock oscillators
/available anywhere.

SÀ'I frequency stability to match
/your application.
SI frequencies as low as 25 kHz,
/as high as 70 MHz.
'M logic outputs for TTL, CMOS,
ECL, NMOS, dual comple/mentary TTL.
%Vial volume production capability,
,fast prototype delivery.
144 DIP packaging saves board
,space, assembly time.
SI in-house control, from quartz
growing through thick-film
processing.
Send today for more information
on the clock oscillator to fit your
application.

C
,4 A

MOTOROLA INC.

COMPONENT PRODUCTS

2553 N. Edgington
Franklin Park, IL 60131
174

Circle 174 on reader service card

many features for $1,995

deletion, and tabbing forward or
backward. Communications speeds
are set from the keyboard.
Weighing 37 lb, the DT80/3
measures 14 by 14 by 14 in. The unit
has a built-in function alarm and a
series of self-diagnostic tests.
The terminals will cost $1,995
each, although quantity discounts
are available. Shipments are to begin
in the fourth quarter, with a 90-day
delivery time.
Datamedia
Blvd.,

Corp.,

7300

Pennsauken,

N. J.

North

Crescent

08110.

Phone

(609) 665-2382 [365]

Competition is rapidly heating up in
the arena of cathode-ray-tube peripherals. The latest contender is
Serial matrix printer weighs
Datamedia Corp., with a compact,
microprocessor-based, multifunc14 lb and sells for $760
tional terminal. The DT80/3 operThe recently introduced Microline
ates at 19,200 bauds, either asyn80 is compact and lightweight, and
chronously or synchronously.
has such features as programThe 80-column screen has a 25th
controlled font selection, condensed
line for error and status messages.
Other features include multipage printing, and microprocessor-conscrolling, composite video output, a trolled interfaces.
At 14 lb and measuring 4 by 13.4
128-character ASCII display set,
by 9.4 inches, the printer operates at
inverse video, dual intensity, under80 characters per second across an
line, and character delete and insert.
80-column page. Condensed characBuilt around Intel's 8085 microprocessor, the DT80/3 has up to 16 ters are printed at a density of
16.5 per in., accommodating
kilobytes of E-PROM, 4 kilowords by
132 columns. The unit will print
12 bits of RAM, and 2 kilowords by
28 lines per minute at 80 characters
12 bits of display buffer. The terminal has a 22-channel programmable per line, and 17 lines per minute
with 132 characters per line. Line
spacing at six or eight lines per in.,
character spacing, and font are all
selected by software.
The Microline 80 uses a nine-byseven-dot-matrix print head and has
a full 96-character ASCII set, as well
as a basic graphics set. It will make
one original and two copies in three
feed modes: friction feed to 8.5 in.
wide; tractor feed from 4.5 to 9.5 in.
wide; and pin feed at 10 in. wide.
The printer has a Centronicscompatible parallel interface and an
RS-232-C serial interface.
Prices for the Microline 80 begin
input/output interface, programat $760 for typical OEM quantities
mable keyboard interface, and an
and can go below $600 for even largauxiliary serial interface for a printer orders. Initial deliveries should
er or another peripheral.
begin in September, with full proThe unit has numeric as well as
duction by early next year.
function-control keys. Up to 20 funcOkidata Corp., 111 Gaither Dr., Mount Laurtions are offered, including protected
el, N. J. 08054. Phone (609) 235-2600 [367]
formats, character/line insertion and
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Ws no coincidence
that Murata-Georgia
is the fastest
growing ceramic
capacitor manufacturer in
the U.S.A.

In 1973, we made adecision: Murata-Georgia
would create an unsurpassed ceramic capacitor
capability and we'd do it fast. We're well on our
way. Since 1974, our Rockmart, Georgia plant,
already one of the most automated ceramic disc
facilities in the world, has been expanded four
times. We're presently building acompletely
automated plant to meet the unprecedented demand for monolithic glass, epoxy and chip
capacitors in Douglasville, Georgia. Our corporate headquarters in Marietta, Georgia ties it
all together with one of the most sophisticated
data processing systems in the industry for
inventory control and customer service.
Combine Murata-Georgia's rapidly expanding
production capability with aline of ceramic

discs, monolithics and high voltage units based
on over 30 years of ceramic capacitor experience, and it's easy to understand why
Murata-Georgia is the fastest growing manufacturer in the field.
Coincidence? Not on your life. We've planned
it that way.

muRata-Georgia
MURA TA CORPORATION OF AMERICA

1148 Franklin Road, S.E.
Marietta, Georgia 30067
Phone: 404-952-9777
ceramic capacitors. subminiature potentiometers. piezoelectric ceramic filters. resonators and transducers. resistor networks. Posistor* PIC thermistors
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Circle 175 on reader service card

175

your ultra precision resistors
will also be ultra stable if you profit from our
advanced technology

III

CE®

our unique
processes
give you extra advantages
* Worldwide Patents

CHIP TECHNOLOGY. METAL FOIL ON ALUMINA SUBSTRATE
TOLERANCES: up to ±- 0.005 %
TYPICAL TEMPERATURE COEFFICIENT 1- 1ppm/°C between O'C and + 60 G
T.C. TRACKING AVAILABLE TO :0.5 ppm/°C
STABILITY. 25 ppm/year or 50 ppm/3 years
CLIMATIC CATEGORY: — 55°C/+ 175°C/56 days

RCK 02/RCK 02 A

RCK 04

RCK 05

Dimensions
8x 7.5 x2.5 mm
0.33 W at 125°C
2.50 to 150 kn

Dimensions
10.5 x 15 x3.5 mm
0.6 W at 125°C
5n to 300 kn

Dimensions
10.5 x22.6 x3.5 mm
0.9 W at 125°C
7.50 to 450 ko

MATCHED SETS AND CUSTOM NETWORKS

Circle

176 on reader service card

CORPORATION •

400 N. WASHINGTON STREET
FALLS CHURCH, VIRGINIA 22046
TELEPHONE :(703) 533-7646
TWX :(710) 831.0344

Haechler 155

CONFORM TO MIL- R-55182/9

This announcement is neither an offer to sell nor a solicitation of an offer to buy any of these Securities.
The offer is made only by the Prospectus.
June 27 1979

724,185 Shares

PRINTRONIX
Common Stock

Price $12 Per Share

Copies of the Prospectus may be obtained from such of the underwriters
as are registered dealers in securities in this state

Robertson, Colman, Stephens &Woodman
Bache Halsey Stuart Shields

The First Boston Corporation

Incorporated

Blyth Eastman Dillon & Co.
Incorporated

Goldman, Sachs &Co.

Bear, Stearns &Co.

Donaldson, Lufkin &Jenrette

Drexel Burnham Lambert

Securities Corporation

Incorporated

E. F. Hutton & Company Inc.

Kidder, Peabody &Co.
Incorporated

Lehman Brothers Kuhn Loeb

Merrill Lynch White Weld Capital Markets Group

Incorporated

Merrill Lynch, Pierce, Fenner 8s Smith Incorporated

Paine, Webber, Jackson &Curtis

L. F. Rothschild, Unterberg, Towbin

Incorporated

Shearson Hayden Stone Inc.

Salomon Brothers

Smith Barney, Harris Upham &Co.
Incorporated

Warburg Paribas Becker

Wertheim & Co., Inc.

A. G. Becker

Allen &Company

Bateman Eichler, Hill Richards

Incorporated

Incorporated

Boettcher & Company

J. C. Bradford &Co.

William Blair &Company

Alex. Brown &Sons

Dain, Kalman &Quail
Incorporated

EuroPartners Securities Corporation
Ladenburg, Thalmann &Co. Inc.
Neuberger &Berman

Foster &Marshall Inc.
McDonald &Company

New Court Securities Corporation

Hambrecht &Quist
Montgomery Securities

Piper, Jaffray &Hopwood
Incorporated

Rauscher Pierce Refsnes, Inc.

The Robinson-Humphrey Company, Inc.

Shuman, Agnew &Co., Inc.

Sutro &Co.

Wheat, First Securities, Inc.

Incorporated

Anderson &Strudwick

Birr, Wilson &Co., Inc.

Incorporated

Davis, Skaggs &Co., Inc.

R. G. Dickinson &Co.

Rotan Mosle Inc.

Bruan, Gordon &Co.

Furman Selz Mager Dietz &Birney
Incorporated

J. J. B. Hilliard, W. L. Lyons, Inc.

Morgan, Olmstead, Kennedy &Gardner
Incorporated

Raymond, James &Associates, Inc.

Seidler, Arnett &Spillane
Incorporated

Circle 177 on reader service card

Add
the touch of innovation
to your
produ
(as Spectral
Dynamics did)

with
Centralab
MONOPANEL.
Spectral Dynamics (a Scientific-Atlanta subsidiary),

other manufacturers. Monopanel is the proven touch

a leader in spectrum analysis, selected Centralab's

switch in test and measurement instruments,

Monopanel touch switch system for their new

medical apparatus, communications equipment,

SD345 FFT signal analyzer because they demanded:

computers and a wide variety of industrial equipment. That's why more and more manufacturers are

• Ultra dependable life for millions of failure free

choosing Monopanel touch switches. They know

switching cycles.

that they can rely on Centralab s 50 years of

• Unlimited choice of graphics for maximum flexibil-

experience in switch design, manufacture and

ity of functional panel design and esthetic appeaî.

application.
Your Centralab representative listed on the

•High density, custom designed front panel compete
with

switches

and

graphics

for

opposite page is your best source of design and

simplified

application assistance. Ask him for a demonstration

installation.

to see how you can add the touch of innovation to

Monopanel gives them all of that and cost

your product.

effectiveness too! We've done the same for scores of

Preeiteel go« need t,,teuot fteele eado eavre,
Adak.

*M11111

CENTRAL_AB
ELECTRONICS DIVISION
GLOBE-UNION INC.
5757 Nortt. Green Pay Avenue
Milwaukee. Wisconsin 53201

CERAMIC CAPACITORS •EMI/RFI FILTERS •POTENTIOMETERS •SWITCHES •THICK FILM CIRCUITS •TRIMMER RESISTORS
Circle 178 on reader service card

... call your Centralab
Sales Representative

ALABAMA
Huntsville
Cartwright & Bean, Inc.
(205) 533-3509

MISSOURI
St. Louis
Lowell-Kangas
(314) 821-4050

ARIZONA
Phoenix
Clemick-Neenan &
Assoc.
(602) 279-7649

NEW JERSEY
Paramus
Centralab
(201) 262-6716

CALIFORNIA
Palo Alto
Brooks Technical
Group
14151 328-3232
Sherman Oaks
Clemick-Neenan &
Assoc.
(213) 990-3150
Tustin
Clemick-Neenan &
Assoc.
(7141 547-0966
COLORADO
Denver
Electro-Rep. Inc.
13031 744-2821
CONNECTICUT
Meridian
Centralab
(2031 235-0770
FLORIDA
Ft. Lauderdale
Cartwright & Bean, Inc.
(305) 735-4900
Orlando
Cartwright& Bean, Inc.
(305) 422-4531
GEORGIA
Atlanta
Cartwright & Bean, Inc.
(404) 255-5262
HAWAII
Honolulu
Dougherty Enterprises
(808) 847-4144
ILLINOIS
Des Plaines
Centralab
(312) 827-4487
INDIANA
Indianapolis
Les M. DeVoe Co.
(317) 842-3245
IOWA
Cedar Rapids
Jerry Vrbik Co.
(319) 366-8733
KANSAS
Shawnee Mission
Lowell-Kangas &
Assoc.
(913) 631-3515
LOUISIANA
Metairie
Cartwright & Bean, Inc.
(504) 835-6220
MARYLAND
Columbia
Bresson Assoc. Inc.
(215) 664-6460
MASSACHUSETTS
Needham
Centralab
(617) 444-4781
MICHIGAN
Lathrup Village
Centralab
(313) 559-9095
St. Joseph
Centralab
(616) 983-0233

Semiconductors

Power V-FETs

NEW YORK
Albany
Reagan/Compar Albany
(518) 489-7408
Endwell
Reagan/Compar Albany
(607) 723-8743
Fairport
Reagan/Compar Albany
(716) 271-2230
New Hartford
Reagan/Compar Albany
(315) 732-3775
NORTH CAROLINA
Charlotte
Cartwright & Bean, Inc.
(704) 377-5673
Raleigh
Cartwright & Bean, Inc.
(919) 781-6560
OHIO
Cleveland
Centralab
(216) 526-1205
Columbus
Centralab
(614) 888-2150
OREGON
Portland
Centralab
(503) 620-1611
PENNSYLVANIA
Narberth
Bresson Assoc. Inc.
(215) 664-6460
TENNESSEE
Knoxville
Cartwright & Bean, Inc.
(615) 693-7450
Memphis
Cartwright & Bean, Inc.
(901) 276-4442
TEXAS
Austin
Centralab
(512) 454-9529
El Paso
Centralab
(915) 779-3961
Farmers Branch
Centralab
(214) 243-8791
VIRGINIA
Lynchburg
Bresson Assoc.
(215) 664-6460

New products

reduce noise
Units cover 2to 200 MHz,
put out up to 100 W when run
off astandard 28-V supply
When one radio is transmitting
while another sitting right beside it
is receiving, noise from the former
cannot be allowed to interfere with
the reception of the latter. Seeking
to minimize this co-location noise,
Collins Radio and ITT in their work
for the military Sincgars program
compared bipolar broadband amplifiers with V-groove mos power fieldeffect-transistor amplifiers. They
concluded that the v-mos devices,
because of their lower baseband
noise, would make it possible for
them to improve system performance
by 10 to 20 dB.
As it turns out, the V-MOS FETs
are much more rugged and easier to
bias than their bipolar counterparts.
Moreover, being majority-carrier devices, they cannot suffer from thermal runaway—when they heat up,
their silicon resistivity increases and

they tend to turn off. This characteristic also makes it easy to put units
in parallel because they do not
exhibit current hogging.
Three V-MOS FETs from Siliconix,
the DV1006, DV1007, and DV1008,
cover 2to 200 mHz and run off 28 v
with outputs of 25, 50, and 100 w
respectively. According to engineering manager Dick Moss, the CTC
division of Varian Associates also
makes v-mos FETs, but theirs need
to run at 35 v to obtain a 100-w
output (28 NI is a standard military
voltage).
The input impedance of V-MOS
FETs is not fixed, as it inconveniently
is with their bipolar counterparts.
"Input Q is variable depending on
the circuit—much as in a vacuumtube circuit," Moss explains. The
tradeoff here is gain: the designer
gets the bandwidth he wants simply
by sacrificing some gain, which is
high to start with anyway.
But V-MOS FETs are most competitive with bipolar amplifiers when
they must be used in class A or B
operation. Such applications occur in
single-sideband radio in the 2-to20-MHz range and in two-way
mobile radio. According to Moss,
the v-mos devices "can run class A
and dissipate 50 w with no trouble at
all," whereas "it's very difficult to
get bipolar devices biased in class B,

Inc.

WASHINGTON
Bellevue
Centralab
(206) 454-7754
WISCONSIN
Milwaukee
Centralab
(414) 228-2122
PUERTO RICO
Hato-Rey
M. Anderson Co., Inc.
(809) 751-2026
CANADA
BRITISH COLUMBIA
North Vancouver
Arwin Tech Sales Ltd.
(604) 980-4346

MINNESOTA
Minneapolis
Centralab
(612) 831-5212

ONTARIO
Ajax
McHugh Electronics
(416) 683-1540

MISSISSIPPI
Jackson
Cartwright & Bean. Inc.
(601) 981-1368

QUEBEC
Ste. Dorothee Laval
Harnett Enterprises
(514) 689-4184
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New products
let alone class A, operation without
serious specification derating." As
an example, he notes that a bipolar
amplifier rated at 100 w is "probably a reasonably good 10-w class A
device."
"All these features will make
v-mos FETs grow like gangbusters,"
Moss predicts. A push-pull V-mos
package with two chips in it is Siliconix' next step.
The DV1006, DV1007, and
DV1008 are priced at $19.95,
$35.91, and $71.82 respectively in
lots of 100. Developmental quantities are available from stock.
Siliconix Inc., 2201 Laurelwood Rd., Santa
Clara, Calif. 95054, or call Ed Vopat at (408)

CUSTOMIZED CABINETRY AT PRODUCTION LINE PRICES
TEN-TEC's OEM cabinet line gives you affordable customizing freedom. 51 different sizes
Two construction styles: all-aluminum or aluminum and molded Cycolac. Two color styles.
beige with walnut-grain end panels or gray with black pebble-grain (or choose your own).
Custom chassis punching. Custom silk-screening. Your cabinets arrive ready for your
product. For less than you think. Ask for aquotation.

lr

Write or call:

;I; E
wa
N
y4T1E1

INC .ville,

S ev
N ier

453-7172

.ville, TN 37862
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1979 EEG ,
1.

3.

Directory

Directory of products
Over 4.000 products, over

for manufacturers. Local sales offices,
reps, and distributors, with
phone numbers. Number
of employees and engineers, dollar volume,
name of company contact.

2.

4.

5.000 manufacturers

Directory of trade names
of products and their
manufacturers You can
trace aproduct by its trade
name only.

Directory of catalogs
Includes six post-paid
catalog inquiry cards tcr
10-second ordering,

988-8000 [411]

Monolithic op amp offers
wide bandwidth coverage
Operational amplifiers that cover a
wide bandwidth are finding ever
more uses in circuits like radiofrequency oscillators and high-gain
video amplifiers. The new NE5539
op amp integrated circuit boasts a
very high gain-bandwidth product.
The product is 2 GHz for a gain of
100 and 1.2 GHz for again of 7.
Typical open-loop gain is 48 dB at
5 MHz, and slew rate is typically
800 v/gs with an output current of
40 mA into 150 O. At all video
frequencies, the output voltage swing
is 4 v. The device has a typical fullpower response of 64 MHz. The
NE5539 is capable of driving a 75-9
coaxial cable, although not at full
power. Operating over the temperature range from 0° to 70 °C, the
device accepts a maximum power

To insure prompt delivery enclose your check
with the coupon now.
Electronics Buyers' Guide
1221 Ave. of the Americas
New York, N.Y. 10020
Yes, please send me
copy(ies) of 1979 ERG.
C I've enclosed $30 per copy delivered in the USA or Canada.
C I've enclosed $52 per copy for delivery elsewhere.

Name

Street

Company

City

180

State

Zip
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trans-hybrid loss, CMR and gain/loss stability
over temperature.
We set the standards for the industry, and we
will continue to do so through aconcept we call
"forward integration7 Basically, that means staying ahead of your needs.
Next time, specify ITT North. Get the latest
technology, at the lowest possible cost.
More information? Write or call: ITT North
Microsystems Division, 700 Hillsboro Plaza,
Deerfield Beach, Florida 33441.
Phone (305) 421-8450, TELEX &
TWX: 510-953-7523.

ITT North
Microsystems Division
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As amajor manufacturer of Subscriber Line
Interface Circuits, we know we've got to produce
and deliver.
We do.
So, currently, we are offering our 3081 and
3082 circuits in production quantities. These
SLICs involve state-of-the-art technology, and as
our production continues its ever-increasing pace,
you can expect manufacturing economies that
will result in even lower prices in the near future.
These SLICs are solid state designs that
eliminate inductive cross-talk. Coupled with
precision resistor matching they provide superior
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Keep Up
With Change
Ferranti-Packard Electromagnetic Modules
Let You Create the System
Three new additions to the FerrantiPackard 7Segment Readout Displays9, 12 and 18-inch characters are ideal
for remote-controlled numeric readouts
for gas pricing signs, time/temperature
signs, speed limit signs, scoreboards
and industrial displays.
The light-reflecting display components come in white or fluorescent
fade-resistant colors. They're designed
to ensure visual impact over an extreme
ambient light range, even direct sunlight.
Our Modules are rated for 400 million
operations and there are no lamps to burn out.
Save energy too! Magnetic latching retains the data
displayed with zero power input.
Ferranti-Packard Modules. Visibility, Reliability and
Economy no other readout component can match. Before
you specify adisplay, call Ferranti-Packard.
The Pioneer in electromagnetic
FERRANTI' Ferranti-Packard
displays.

PACKARD

NATIONAL
SEMICONDUCTORS
LTD.
331 Cornelia Street, Plattsburgh, N.Y
12901; (518) 561-3160
2150 Ward Street, Montreal, Quebec
H4M 1T7; (514) 744-5507 •
Stamford House,Altrincham WA141DR,
England

supply voltage of ± 12 v.
The NE5539 is priced at $10 in
quantities of 100 and is available
from stock.
Signetics Corp., 811 East Argues Ave., P. 0.
Box 9052, Sunnyvale, Calif. 94086. Phone
(408) 746-1836 [413]

8-A Schottky power
rectifiers like it hot

Limited

Electronics Division
6030 Ambler Dr Mississauga. Ontario
Canada L4W 2P1
Telephone (416 624-3020
Telex 06-961437

Circle 182 on reader service card

• inexpensive
• fast response, 5nS
e low operating voltage
VR=45V
• optional "pigtail" fiber
configuration for optimal
coupling

New products

Heat is the major enemy of rectifiers
in digital panel meters, switching
power supplies, computers, or computer terminals. So International
Rectifier has produced some that
will operate at high temperatures.
The 80SQ series of 8-A Schottky
power
rectifiers—numbered
80SQ030 through 80SQ045 —feature a leakage of only 12 mA at
125°C and have no voltage derating
to 175°C junction temperature. With
voltage ratings between 30 v and 45
V, these rectifiers have a 20% safety
margin on repetitive peak voltage.
Because these units are Schottky
majority-carrier devices, reverse recovery is almost immediate, restricted only by the characteristics of the
axially leaded packages.
The 80SQ030 through 80SQ045

rectifiers are priced at $3.06 to
$4.00, in prototype quantities of
1to 49.
International Rectifier Corp., Semiconductor
Division, 233 Kansas St., El Segundo, Calif.
90245. Phone (213) 322-3331 [417]

Waiting for
an outbreak
of HOPE
Give to:

PROJECT
ffl_M

Diodes generate white noise
for ECM and sonar systems
White noise is an essential—and
diodes that produce it therefore a
frequent—ingredient in electronic

Department A, Washington, D.C. 20007
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NEW DIGITAL MULTIMETERS THAT WORK
THE WAY YOU DO.

Featuring new continuity function.
You do your job as well as it can be done. Now there's
aline of digital multimeters from Beckman that does
the same. A new generation of 31
2 -digit multimeters astep
/
above all other digital and analog multimeters. We've
combined the best of both to give you useful and easy-touse features found in no other multimeter.
Features like aunique continuity test function. With
Beckman's new Insta-Ohms quick continuity indicator,
you no longer need an analog VOM for fast, convenient
continuity checks.
There's also 10-amp current ranges, in-circuit measurement capability in all six-ohm ranges, adedicated diode
test function, and up to two years normal operation from a
common 9V battery.
The Model 3020 with all these features, 7functions,
29 ranges, and 0.1% Vdc accuracy, is only $170.

These features are also available in the Model 3010
with a0.25% Vdc accuracy for just $130.
Then the Model RMS 3030 features true RMS ac
current and voltage measurement capability, and 0.1% Vdc
accuracy, for only $190.
Whichever model you choose, you get long-term
accuracy and reliability, assured through the use of bandgap reference elements, thin-film resistor networks,
•custom-designed CMOS LSI chips and more.
So get the Beckman digital multimeter that does
its job as well as you do yours. For information
on the complete line and accessories, write or
call your local distributor or the Advanced
Electro-Products Division, Beckman Instruments, Inc.,
2500 Harbor Boulevard, Fullerton, CA 92634,
(714) 871-4848, ext. 3651.

BECKMAN
Electronics/July 19, 1979
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Choose from two new piezo ceramic Audio Indicators.
Get softer, more comfortable sound on low power with
high reliability. The new, more compact Al-380 operates
from 3to 30 VDC with a2.7 KHz tone, 83 to 103 dbA
at 1.0 ft. The new AI-385 delivers asofter, less shrill
2.0 KHz tone on 3to 20 VDC, with an 80 to 95 dbA. Low
current drain and panel mounting make these ideal for
low power usage. For details and full line catalog, write
Projects Unlimited, Inc., 3680 Wyse Road, Dayton,
Ohio 45414. Phone:
(513) 890-1918.
TWX: 810-450-2523.

New products

projects
unlimited
5

WARNINGS YOU
CAN LIVE WITH.

countermeasure systems, sonar systems, radar and sonar simulators,

Circle 184 on reader service card

MEASURE
AMPS •
VOLTS @WATTS

simultaneous readouts with display hold
Portable 15"-wide unit goes anywhere, needs no hard wiring.

Nonblinking 4-digit readouts,
automatic decimal location.

and test equipment for high-fidelity
audio, data communications, and
other telecommunications gear. KSW
Electronics has recently announced
an evalution kit that includes several
diodes that should prove very practical in white-noise applications.
There are two high-output noise
diodes (KN1301); each typically
provides 120 uV-Hz - ln of white
noise over a bandwidth of 1 Hz to
150 kHz. A single KN1401 diode
with an output of 250 /..tv -Hz -u2 also
comes with the kit, along with a
temperature-compensating thermistor and afew resistors.
A single noise evaluation kit is
priced at $39.95, with delivery from
stock.
KSW Electronics Corp., South Bedford St.,
Burlington,

o

15e0

Mass.

01803 (617)

273-1730

[415]

1500

•

Single chip meets
IEEE Standard 488-1978
Pushbutton range
selection with overload
and error protection.

Even an inexperienced operator can set up —simple line plugin, two simple input/output connections, connectors supplied.

Pushbutton display
hold for manual
recording.

Rugged instrument performs test operations on motors and
virtually any other electrical device. True RMS readings including the ability to measure distorted wave shapes even
with DC components, typical accuracy better than .5 percent, minimum chance for operator error.
Multiple ranges up to 50 amps, 600 volts
fee our caralog
(30 kw). Analog and digital outputs optionor call us toll-fm
at
ally available.
800SM-7844
Request information today on this 3-in-1
laacepi Neal York State/
preci3ion instrument.

MAGTROL, INC.
70 GARDENVILLE PARKWAY WEST

184

BUFFALO, NEW YORK 14224
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Since the re-working of the IEEE 488
standard for bus interfaces last year,
few general-purpose interface bus
adapters have been available. But
the TMS 9914 performs this adapter
function with talker, listener, and
controller capabilities. All communication between the device and the
microprocessor passes through 13
memory-mapped registers at rates
up to 250 kilobytes per second.
The 9914 uses a supply voltage of
5 v, dissipates 1 w, and sells for
$26.50 in 100-piece quantities.
Texas Instruments Inc., P. 0. Box 1443, MS6404, Houston, Texas, 77001 [416]

716-668-5555
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FREE "TV GUIDE"
FOR OEM'S.
What you put on the screen is your business.
The screen you put it on is ours.
So, we've published aguide to help you choose
the best Conrac CRT moniitor for your particular
system application.
If you need high-resolution graphics, for instance,
we can give you up to 1225 lines per frame.
Or, if simple alphanffnerics are what you want,
we have simple monitors featuring Conrac
reliability at low cost.
For the ultimate in computergenerated color imagery,
consider our model 5700. It's a
highly-advanced monitor
featuring superior capabilities

for sophisticated applicaitions.
We've been producing advanced monitors for
29 years. So, no matter what you need in terms of
image cisplay, you can depend on Conrac's
speciaffized experience and depth of technology.
And, since Conrac monitiors are made in the U.S.,
we're always here to supply first-hand
technical assistance and parts.
Call or write today for more details and your copy
of the Conrac Video Monhor
Guide. Conrac Division, Conrac
Corporation, 600 North Rimsdale
Ave., Covina, CA 91722, Tel. (213)
966-3511, Telex: 67-0437.

CONRAC
We're more than meets the eye.
Circle

vibe°
moNn-o
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ESSEX/SUFLEX AcryflexP FR sleeving is flexible 155 C.
Underwriters Laboratories listed.
RESIST -

solvent, varnish and oil attack

RESIST

flame

RESIST

dielectric breakdown

RESIST

cracking from bending
when hot or cold

RESIST

abrasion and cut through

RESIST

inventory build-up
because its used for Class 105,
Class 130 and Class 155 applications

ES EX
GROUP

Acryflex FR — UL listed as FR-1 (VW-1) — is an
outstanding sleeving for appliance, home entertainment and medical equipment manufacturers. All
ASTM-D372 grades are available.

,///

UNITED
TECHNOLOGI

Samples, property data and prices available from 29 EssexilW1 Warehouse Sales Centers
and many independent distributors — or contact: Essex Magnet Wire & Insulation Division,
Essex Suflex, Newmarket. N.H. 03857, Phone. 603:659-5555.
Circle 186 on reader service card

CRT Yokes For Flight
Take a plane-military, commercial, or
private. Chances are 9 out of 10 you'll
find

Syntronic

Deflection

Yokes

and

Focus Coils in critical cathode ray tube
display equipment; weather radar, navigation, weapons systems, landing, monitoring, communicating. The U.S. Navy's
Lockheed
uses

S3A

anti-submarine

plane

14 Syntronic components in 7

critical displays. Other aircraft display applications include the B52 Retrofit, F4—
(D&E), F5E, A6, A7, Fl 11, Al 0A, S3A, Fl 4, Fl 5, Fl 6, Fl 8,
Mirage, Viggen,

707,

727,

737,

747, DC-8,

DC-9,

DC-10,

AWACS, MACA,
L1011

and many

private aircraft. Call or write Syntronic Instruments, Inc. (312) 543-6444. Ask for
Syntronic's Yoke Selection Guide to high-flying, high-performance yokes.

o'Atonic

Syntronic Instruments, Inc., loo Industrial Road, Addison, IL 60101

186
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New products
channel, four dual sample-and-hold
circuits, a sample-time generator,
and the multiplexing switches. Input
modules for all common synchro and
resolver line-to-line voltages and frequencies are available. For systems
requiring more input channels, several
input modules may be multi14-bit converter and
plexed together into the same central
four-channel multiplexer
converter.
In a typical conversion process,
offer precision and economy
the four inputs are sampled simultaneously at each positive peak of the
At best, a 14-bit synchro/resolverreference waveform. The held sine
to-digital converter is not an inexand cosine voltages are multiplexed
pensive item. A system—be it a to the central converter in any
ship's navigation system or a multidesired order. Since the central
axis machine tool—that requires
converter has a conversion time of
several of them is certain to be a 100 gs, 22 channels can be converted
costly proposition, with many opporat 400 Hz and 150 at 60 Hz. If
tunities for creative cost-cutting. desired, the system may be set up to
Now two new families of multiinhibit sampling until all channels
plexed s-d and r-d converters will
have been converted, thus ensuring
that all angle measurements are
make cost-cutting easier in many
multiple-input applications that do
made at the same time.
The MSDC-700 and HMSDCnot require real-time tracking.
Each family consists of two mod8700 are available in two operatingtemperature ranges: 0° to 70 °C and
ules that make up a four-channel
multiplexed system. The MSDC-700
—55 ° to +105 °C. In both cases,
modules each measure 3.125 by
maximum error over the full temperature range with up to 10%
2.625 by 0.43 in. and feature transharmonic distortion in the reference
former input isolation. The
HMSDC-8700 units are thick-film
and 10% signal-amplitude variation
hybrids with wideband, differential,
is 4 least significant bits (4.6 arc
minutes + 1/2 LsB).
solid-state inputs, housed in 36-pin
dual in-line packages measuring 1.7
Pricing of the modules starts at
by 0.78 by 0.21 in.
$838 for the discrete series and
Separate. For both series, one
$1,075 for the hybrid.
module houses a 14-bit converter
ILC Data Device Corp., Airport International
Plaza, Bohemia, N. Y. 11716. Phone (516)
and the other contains four signal567-5600 [371]
input channels, one reference-input

Industrial

Two-unit system
cuts s/r-d costs

10-channel bar-graph display
improves process monitoring
Process control usually entails monitoring many different parameters,
including pressure, temperature, and
flow rates. Trans-Met Engineering's
latest innovation—a 10-channel bargraph display—promises to make
trend-spotting particularly easy and
accurate. The VG-2060 displays up
to 10 process variables at once and
may also act as a signal conditioner,

transmitter, alarm, annunciator,
and/or controller.
One or several single-process variables may be monitored on the
display, and the measurement unit—
or °C, kg, etc.—is also shown on
an annunciator. The VG-2060 accepts a wide variety of input signals
and will generate any standard
transmitter output signal; each of
the 10 channels operates as an independent unit with its own options,
such as inputs, outputs, and singleor dual-mode control. The system
accepts not only current and voltage
signals but also inputs from many
transducers, including thermocouples, RID (resistance temperature
device), and pressure devices.
The price for astandard 10-channel unit starts at about $3,500, with
optional features at extra cost.
Delivery time is eight to ten weeks.
Trans-Met Engineering Inc., 601 South Palm
St., La Habra, Calif. 90631. Phone Dolores
Hagen at (213) 691-2266 [374]

$25,000 five-axis robot
does heavy-duty work
Robots are becoming increasingly
popular in industrial environments,

Electronics/July 19, 1979
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Aeroflex
Hybrid
Brushless
DC Motors

New products

for special applications

High vacuum, high altitude ...aerospace or
outerspace ...cryogenic or special environments—for that unique application Aeroflex
has aline of BDCM's that can be customized
to meet your extended requirements. Their
long life, high efficiency and operational
performance. without downtime, provide a
cost per operating hour that can't be beat.
Combining the latest in hybrid technology, solid state sensing and switching techniques that are state-of-the-art. the BDCMS
from Aeroflex give you the brush-type motor benefits of high starting torque, linear
speed/torque characteristics without the inherent problem of brush wear. You can have
them with the electronics integral or exter-

h

nal; bi-directional or uni -directional; for commercial use or to meet MIL specs. You can
have it your way—custom superiority at a
cost productive price.
Send for our latest literature package.
There's a BDCM that Aeroflex can design
for you.

MAGNETIC PRODUCTS DIVISION
AEROFLEX LABORATORIES INC.

lir

SOUTH SERVICE ROAD •PLAINVIEVV, LONG ISLAND. NY 11803
TEL. (516) 694-6700
TWX: 510-224-6417
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Still The

service card

MOST USEFUL

and
MOST USED Handbook on the
Design of Reliable Equipment!
Especially Written for Design Engineers
and their Managers!

RELIABILITY DESIGN
HANDBOOK (RDH-376)
• Reliability Theory and Application
• State-of-the-Art in Avionics
Reliability
• Reliability Design Data and
Guidelines
e Part Selection and Control
e Design Simplification and Analysis
• Design-to-Cost Goals and
Achievement
e Over 400 pages: Ordering No. RDH376, $30 per copy ($36 non-U.S.)
RAC

Reliability Analysis Center
RADC/RBRAC

• Grifliss AFB, NY 13441

• Tel

(315) 330-4151; Autovon

587-4151

especially for hazardous and tedious
tasks. The latest Unimate robot, the
series 1000, takes the trend a step
further —to less exotic applications.
Designed for material transfer and
machine loading, the robot sells for
under $25,000, has five axes, and is
controlled by asolid-state memory.
The user trains the robot, leading
it by the hand through a maximum
of 32 steps. All its movements are
hydraulically powered, so it can lift
substantial loads. Load capacity
relates directly to the distance
between the robot's wrist and the
part's center of gravity. For example, in wrist-bend movements, the
load rating is-500 in.-lb for the part
and the robot's gripper together.
Thus, when the part's center of gravity is 10 in. from the wrist, the maximum load is 50 lb. Wrist-yaw movements have arating of 150 in.-lb.
Pneumatically controlled, wrist
movements include a 90° bend at
30°/s, and a yaw of 90° 'at 90°/s.
Radial travel is 41 in. at speeds to
50 in./s, and arm swing is a208° arc
at up to 110°/s. Vertical travel of the
arm is 30° above and 27° below the
horizontal plane, at up to 110°/s.
Delivery time is approximately
three months.
Unimation Inc., Shelter Rock Lane, Danbury,
Conn. 06810. Phone (203) 744-1800 [373]

Digital tachometer errs only
± 1count over 19,999 range
A digital tachometer measuring both
revolutions per minute and feet per
minute is now on the market. The
GT103B measures both rpm and
fpm rotational, linear, and surface

RAC is a DoD Information Analysis Center Operated by IIT Research Institute

188
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Now you can add these
Mallory QPL capacitors to
your approved vendor list.
We want to update you on our line of capacitors qualified under MIL-C-39003 and MIL-C39006.
In solid-electrolyte tantalums we now offer
the following:
MIL Style
CSR
CSR
CSR
CSR

13
23
33
91

Mallory Type
TER
TXE
TXR
TNR

Life Failure Rates
M, P, R
M, P
M, P, R

In non-solid (wet) tantalums:
MIL Style
CLR
CLR
CLR
CLR
CLR

10
14
17
65
69

Mallory Type
XTM-XTK
XTL-XTH
XTV
TLX
TXX

Life Failure Rates
L, M,
L, M,
L, M,
L,M,
L, M,

P
P
P
P, R
P

All of these capacitors are available through
authorized Mallory distributors.
For complete specifications write for our
new QPL bulletin. Or call:
Mallory Capacitor Company, a division of
P. R. Mallory & Co., Inc., Indianapolis, Indiana
46206 (317) 856-3731.
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Electronics Magazine
Books Offers You:
Mpt003SSORS
timetty

New products
speeds to ±
-'1
count over a
19,999-count range. Measurements
are updated every second, and the
memory retains the last measurement taken prior to removal of the
instrument from the moving object.
All readings are shown on a large,
LED display.
A single-range low-inertia drive
system in the tachometer minimizes
shaft loading, eliminating the possibility of internal damage caused by
overspeed on too low a setting.
The GT103B comes with acarrying case, four shaft-tip adapters, and
four AA cells that power up to
50,000 readings. Optional features
include yard-per-minute and meterper-minute surface speed disks, and
a shaft extension. Price for the unit
is approximately $200, and availability is stock to one week.
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1. Microprocessors

What you must know about available microprocessor
technology, devices, information, 4th printing. $8.95

2. Applying Microprocessors

2nd and 3rd generation technology. 26 detailed
applications from data networks to video games. $9.95

Graham Company, a unit of Stowell Indus-

3. Large Scale Integration Covers the basic technology, new LSI devices, LSI
testing procedures, plus system design and applications. $9.95

tries, P. 0. Box 160, Menomonee Falls, Wis.

4. Basics of Data Communications

1100 [375]

5. Circuits for Electronics Engineers Contains 306 circuits arranged by 51
functions from Amplifiers to Voltage Regulating Circuits. Saves design
drudgery. $15.95

Tiny triaxial accelerometers

6. Design Techniques for Electronics Engineers

withstand 40,000 gof shock

53051. Phone Helen Breuer at (414) 251-

Includes 47 articles from Data
Communications magazine covering more than 11 key areas. $12.95

Nearly 300 articles drawn
from "Engineer's Notebook." A storehouse of design problem solutions. $15.95

7. Memory Design: Microcomputers to Mainframes

The technology,

devices, and applications that link memory components and system design. $12.95

8. Personal Computing: Hardware and Software Basics

More than 50
articles from leading publications, including specifications, helpful hints, subject
index. $11.95
Electronics Magazine Books
P.O. Box 669, Hightstown, NJ 08520
Imust be fully satisfied or you will refund full payment if the book is
returned after ten-day trial examination. Send me:

reA".1.1

copies of 1. Microprocessors @ $8.95
copies of 2. Applying Microprocessors @ $9.95
copies of 3. Large Scale Integration @ $9.95
copies of 4. Basics of Data Communications @ $12.95
copies of 5. Circuits for Electronics Engineers @ $15.95
copies of 6. Design Techniques for Electronics Engineers@ $15.95
copies of 7. Memory Design: Microcomputers to Mainframes @ $12.95
copies of 8. Personal Computing: Hardware and Software Basics @ $11.95
Discounts of 40% on orders of 10 or more of each book.

D Payment enclosed

D Bill firm

D Bill me

Charge to my credit card:

D American Express
10 Visa

D Diners Club

D Master Charge

Acct. No.

Date Exp

On Master Charge only,
first numbers above name

Name

Title

Company

Endevco,

Street
City
Signature
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The Endevco family of piezoresistive
triaxial accelerometers, designed for
use with penetrometers at levels of
5,000, 10,000 and 20,000 g, simplifies the measurement of shock and
pressure and of projectile motion.
The 2263 series can also withstand
shocks of 10,000, 20,000, and
40,000 gfrom any direction.
The small transducers-0.52 by
0.52 by 0.40 inch and weighing
about 10 grams-provide steadystate acceleration response and high
resonance frequency for use in many
shock measurements.
The 2263 series will measure
events along three axes. Piezoresistive elements are used in three
mutually perpendicular half-bridge
transducers, with acommon integral
cable serving all three axes.
In quantities of 11 pieces or more,
the accelerometers sell for $1,950,
with 90-day delivery.

State

Zip

Rancho Viejo

Capistrano,

Calif.

Road,

92675.

San

Juan

Phone

Tony

Schneider at (714) 493-8181 [376]
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Quality control. The manufacturing of integrated circuits
requires an extremely exacting,
vigilant quality control program.
Perhaps the most stringent in
industry.
Now, Nikon instruments are
available to meet, and surpass,
these tough standards.
The Nikon Micro-Pattern Analyzer, Model 2A is acase in
point. It delivers automatic,
precise measurement of line
widths to an accuracy of tenths
of amicrometer.
It employs aminicomputer,
mirrored scanning slit, digital
display and printer to achieve a
guaranteed accuracy of —01
well beyond the capabilities of
conventional visual techniques.

With this computerized optical
system, positioning error,
magnification error, image distortion and human error are
virtually eliminated.
IC masks from 2" to 6" square
can be scanned at the rate of
0.5-2 1.m/sec. The optical system incorporates achoice of
green or blue interference filters. X and Y measurements are
made conveniently without repositioning the mask since the
optical image can be rotated by
asingle control.
There is no variation from observer to observer, or reading to
reading as there is with conventional microscopes. Operator
decisions, perceptions and fatigue are no longer afactor,
thanks to Nikon.

An informative brochure is
available to introduce you to the
Micro-Pattern Analyzer, Model
2A and all of the other remarkable Nikon IC instruments.
NINON
IRSTRUMEMS FOR
WE IC RIDUSTRY

To obtain your copy, please
contact:

Nikon

Nikon IC Instrument Division,

623 Stewart Avenue,
Garden City, NY 11530,
(516) 222-0200
or 1051 Sneath Lane,
San Bruno, CA 94066
(415) 952-8188

MEETING THE
TOUGHEST STANDARDS
IN A VERY
TOUGH INDUSTRY.

The Nikon Micro-Pattern Analyzer, Model 2A.

Electronics/July 19, 1979
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Quality plus versatility.
CTS Series 206 DIP switches
for communication, data processing, instrumentation and consumer applications
...priced right at your Distributor now!
Choose the configuration you need:
SPST, SPDT, DPST, DPDT, 4PST.
You'll get the extra reliability of
gold-plated contacts, locked into
thermoset base rails. All switches
can be supplied with epoxy sealed
bases and/or disposable-tape top

cover seal to eliminate contact contamination during flow solder and
cleaning processes. SPST switches
offer choice of low profile or extended actuators with crisp, positive,
visible slide action. MIL qualified.
Get the facts! For prices, fast

CTS

service and complete catalog, contact your CTS Distributor...or
CTS KEENE, INC., 3230 Riverside
Avenue, Paso Robles, CA 93446.
Phone: (805) 238-0350.

CORPORATION
ELKHART, INDIANA

Circle 192 on reader servicè card

V-f and f-V
converters extend
price, performance

Bar-code scanner
will speed
industrial chores

50-A rectifiers
are rated at
20 V and 30 V

175-W switcher
dissi pates
heat better

Software packages
enhance abiliti
es
of HP 1000 mini

Price cuts

Electronics/July 19, 1979

Expanding its line of voltage-to-frequency and frequency-to-voltage
converters both upward and downward in price and performance, Teledyne Semiconductor, Mountain View, Calif., has just introduced two new
units with the same pinout as the older 9400. The 9401 features a
maximum voltage-to-frequency nonlinearity of 0.01% and a price of
$6.95 in 100s, while the 9402 has aV-f nonlinearity of 0.25% and aprice
of $2.25. The 9400 has aV-f nonlinearity specification of 0.05% and sells
for $3.25 in 100-piece quantities.

Digital Equipment Corp., Maynard, Mass., has introduced an electro-optic
bar-code scanner for industrial applications that reads Code-39-format
labels and converts their data into an ASCII character stream for computer use. Priced at $995, the RT700 runs on either 110 or 220 y ac, 50-60
Hz. First deliveries are scheduled for autumn.

Two 50-A Schottky rectifiers have been added to Unitrode Corp.'s product
line. Designated the 1N6079 and the 1N6098, they are rated at 20 and 30
V, respectively. Prices, in 1,000-unit lots, are $3.99 for the 6079 and $4.80 for
the 6098. Both Jedec devices are offered by the Watertown, Mass., firm in
DO-5 packages, with delivery quoted at four to six weeks.

In an effort to cool things off, LH Research Inc., Irvine, Calif., is now
selling a 175-w switcher with improved heat dissipation. The TM-34 uses
staggered heat-dissipation pins, called Pins-Fins, instead of conventional
extruded heat sinks, to run 19% cooler than previous models. The pins
encourage turbulent air flow, providing better heat transfer than the
laminar flow promoted by parallel fins in traditional designs. Priced at
$345, the TM-34 has amain output of 5 y dc at 20 A, second and third
outputs of 5to 28 Y dc at up to 5A, and afourth of 5to 15 Y dc at up to
1.5 A.

Additions to the software packages available for Hewlett-Packard's HP
1000 minicomputer will enable the user to perform vector processing as
well as to install real-time digital data capture systems. The HP V(ector)
I(nstruction) S(et) uses Fortran commands to do vector processing at
speeds 4 to 10 times faster than before. The HP Datacap/1000 is
intended for use in manufacturing and distribution environments, to
provide a way of designing and executing transaction specifications for
gathering and validating data at its source. The Palo Alto company sells
the VIS package for $1,500 and the Datacap/1000 for $3,000.

Recently announced price cuts include: Motorola Semiconductor Products Inc., Phoenix, Ariz., has lowered the price of six Switchmode
high-voltage power transistors by an average of 15%. ...Number 810
fiber from Valtec Corp., West Boylston, Mass., is now selling for 10 cents
afoot in quantities of 3kilometers or more. ...Add-on memory prices
from Digital Equipment Corp., Maynard, Mass., have dropped up to
60%.
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FOR ENGINEERING/TECHNICAL EMPLOYMENT OPPORTUNITIES

CLASSIFIED SALES REPRESENTATIVES
Atlanta
Boston ..
Chicago .

404/892-2868
Jim McClure 617/262-1160
Bill Higgens 312/751-3733

Sales Manager—Mary £II.n Keams-212/817-3306
Cleveland
Dallas
Denver
Detroit

.Mac HueStis
.Mike Taylor
Shirley Klotz
Mac Huestis

216/781-7000
214/742-1747 Houston
303/837-1010 Los Ancieles
313/873-7410 New York

Mike Taylor 713/659-8381
Ana Gelez .213/487-1160
Larry Kelly .212/997-3594

Philadelphia ... Dan Ferro ..
Pittsburgh .... Dan Ferro ..
San Francisco Peter McGraw
Stamford
.
William Eydt

215/568-6161
412/391-1314
415/362-4600
203/359-2860

POSITIONS VACANT

Engineer

ELECTRONICS
ENGINEERS
Douglas Aircraft Company offers diverse, interesting opportunities in
reliability engineering for electronics engineers whose early-career aspirations
are broader than being adesigner.
• Selected candidates will join an expanding group working on electronic
systems for Douglas-built commercial aircraft.
• There will be close working contact with many of the nation's
leading electronics manufacturers in designing, analyzing, testing, and
fielding flight-control, communication, navigation, instrumentation, and
other systems utilizing microprocessors, LSI memories, optoelectronics,
and other current technologies.
• Opportunity exists to work in and learn awide spectrum of reliability and
safety design and analysis disciplines--examples are computer-aided
performance analysis, FMEA and fault-tree analysis, circuit functional
analysis, reliability testing, part application and failure analysis,
thermal design evaluation and test.
• A unique aspect of the position is the ability to select, for long-term
specialization, those areas that the individual finds most rewarding.

Voice of America has opportunities
for U.S. citizens qualified as Civil,
Electronic. Mechanical and Electrical
Engineers. Supervisory openings
available in Liberia and Philippines
for broadcast station construction
projects. BS in Engineering or
equivalent experience in construction
and contract supervision required.
Must be available on a world wide
basis. Starting salary commensurate
with skills and experience plus housing and overseas allowances. Civil
Service Application (Form SF-1711
available at Office of Personnel
Management (formerly the Civil
Service Commission) Job Information Centers and most federal buildings should be sent to International
Communication Agency, Code 15-79.
Washington, D.C. 20547. An Equal
Opportunity Employer.

Two new positions for Research

Engineers are expected to be filled
before Fall 1979. Major duties involve assisting Medical Center
faculty in the development •
of automated data-processing methods
techniques. Extensive experience in
hardware and software design is
essential. (Master's level in
biomedical or electrical engineering).
Equal opportunity employer. Address
inquires or applications to: Chairman
Biomedical Engineering. University of
Virginie. Box 377, Medical Center,
Charlottesville, VA 22908.

Requirements are an EE degree, plus one to five years' experience; experience not required in reliability.
Put your background and experience to work for you today. Send a
brief summary of your education and experience to Fran Barz, 36-26.

Engineer — EE/ME $28K + Microprocessors. BEST, 605 E. 9Mile Rd.,
Highland Springs, VA 23075.

Engineer — IE 25K+ Electronics
Assembly. BEST. 605 E. 9 Mile Rd..
Highland Springs, VA 23075.

DOUGLAS
AIRCRAFT CO.

CORPORA TION

EMPLOYMENT SERVICES

3855 Lakewood Blvd. EM79
Long Beach, CA 90846
An Equal Opportunity
Employer
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M.E.s, I.E.s, EE.s, Ch.E.s—Let our
search firm represent you to our
clients in Northern Calif. If you are
seeking a more prestigious position
with increased responsibilities and a
better Future, send a resume or
request aposition profile and at no
charge we will provide you with interview opportunities. Register in our
exclusive Executive Search Program.
All replies strictly confidential. All
Fees employer paid at Managemelt
Recruiters. 1900 Point West Way.
Suite 281. Sacramento. CA 95815.
(916)920-0441.

Electronics/July 19, 1979

Electronic Design
Engineers
Analog IDigital
JOIN OUR RESEARCH &
ENGINEERING TEAM
The Analysts, Inc., aSchlumberger
Company, is an expanding leader in
service to the oil industry with advanced
instrumentation and electronic systems. We have outstanding
opportunities for MSEE's with 3-5 years experience to be responsible for new design and design improvements of analog and
digital circuitry, technical evaluations of the effects of hostile
environments, plus probability and statistical error analyses.
These positions are located in SUGAR LAND, TEXAS—adjacent
to the Houston area and 1hour from the Gulf of Mexico. We offer
good starting salaries, excellent company benefits, which include
relocation assistance, plus apleasant and professional working
atmosphere.
Fur further information, submit confidential resume, including
job objective and salary history or call: Voy Risinger. Manager of
Professional Recruitment. (7131686-5516

THE ANALYSTS, INC.
THE ANALYSTS

Schlumberger

A Schlumberger Company
4120-D Director's Row
Houston, Texas 77092
,cludl

opportunityor,rFloypr M

NAVAL RESEARCH LABORATORY
SUPERVISORY ELECTRONICS ENGINEER
GS-855-15
$38,160-S47,064 per annum
(dependent upon experience and present salary )
Serves as Head of the Microelectronics Branch in the
Electronics Technology Division. Responsible for the definition, selection, and institution of research problems dealing
with the characterization of Charge Coupled Devices (CCD)
and Charge Injection Devices (CID) for normal, radiation, and
low-temperature environments: the development of MetalOxide-Semiconductor technology for III-V semi-conductors:
and various other areas of microelectronics in which Navy has
aneed, including Josephson junctions.
A new modern microelectronics fabrication facility is under
the direction of the Branch Head who provided leadership to
high level scientists and engineers. Must be active in the research community (universities, industry, government).
Must have extensive knowledge of solid state electronics and
design and processing of integrated circuits, including MOS
devices, CCD's and CID's. Ability to direct a major technical
program that involves numerous scientists outside the candidate's organization.
This is acareer Civil Service position with all the normal fringe
benefits. Travel and transportation expenses may be paid for
selected applicant. Interested applicants should submit Standard Form 171-Personal Qualification Statement, or detailed
resume, by 1August, 1979 to:

NAVAL RESEARCH LABORATORY
CIVILIAN PERSONNEL OFFICE
ATTN: 1813-52-019/78
4555 Overlook Avenue, S.W.
Washington, D.C. 20032
.1 n Equal Opporrunii vEmph, ver
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PHOEN21
ENGINEERS

For

Career and Lifestyle,
Choose Phoenix

Enjoy the good life, year-round recreational activities and exciting career development opportunities
in the ideal environment of Arizona's Valley of the
Sun.

Systems Engineers
BS or MSEE with experience in system and software analysis, design and application of digital
flight control systems with emphasis in aircraft
guidance and controls and/or navigation.

Electronic Engineers
BS or MSEE and two or more years experience in
electronic

design

of

digilal

and/or analog

cir-

cuitry. Applications include flight control systems
and cockpit display systems for both commercial
and military aircraft.

Support Software Design
BS or MS degree in computer science, math or
engineering with experience in designing support
software for microprocessors. Position will provide
support software for navigatión and flight management computer systems. Experience with
PASCAL is desirable.

Real Time Software Development
BS or MS degree in computer science, math or
engineering with experience in systems engineering and real time applications software. Experience with PASCAL and assembly language in flight
control applications is desirable.
To find out more about these challenging professional opportunities in our growing industry, send
your resume, with salary h story, in confidence, to:
J. L. Kenyon, Technical Employment

J rL- SPER"«
e
lm

FLIGHT SYSTEMS

P.

O. Box 21111

Phoenix, Arizona 85036
We're An Equal Opportunity Employer M/F/H
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ENGINEERS/
MANAGERS
ELECTRONICS
ENGINEERS,
$15K-$40K. Immediate west
coast & national
positions
entry level thru mgmt in commercial, aerospace & commuications industries. We will
put you in contact with large,
medium or small prestigious
cos desiring backgrounds in
analog, digital, microprocessor, instrumentation, microwave technology Si related
areas.
For immediate confidential
response,
call
or
send resume w/salary history
to Glenn English, President,
GLENN
ENGLISH
AGENCY,
7840 Mission Center Ct., San
Diego, CA 92108 (714/2919220).
ELECTRONICS
ENGINEERS,
$18,000-$50,000. Choice entry
level to management positions immediately available in
Pennsylvania & national loca.
tions. Reply in strict confidence to J. G. Weir, President,
WEIR PERSONNEL SERVICES,
535 Court St., Reading, PA
19603 (215/376-8486).

Design Engineers.

Go for it!

Roll up your sleeves, and go for astate-of-the-art environment that
encourages contribution.
Go for the satisfaction of participating in the worldwide growth of
the communication and information processing industry. With the
recognized leader in this dynamic field.
And while you're at it, go for abeautiful, affordable lifestyle on the
scenic Atlantic shoreline of Brevard County, Florida.
At Harris Semiconductor Group, you'll be working on sophisticated, complex LSI designs, made possible by advanced dialectic isolation linear processes, self-aligned gate CMOS processes and highperformance bi polar processes.
For more information, call collect (305) 724-7042, or send resume
and salary requirements to:
Manager, Professional Staffing
HARRIS SEMICONDUCTOR
P.O. Box 883, Dept. 188
Melbourne, Florida 32901
An Equal Opportunity Employer M F

HARRIS
SEMICONDUCTOR GROUP

ELECTRONICS
ENGINEERS,
$18,000-$50,000. Outstanding
high-technology
state-of-theart. Co is located in suburban
New Jersey. Requires entrylevel to top mgmt engineers.
We also provide nationwide
representation if you're available for relocation. Call/write
Jim Mann, V. P., ARTHUR
PERSONNEL, 8 Forest Ave.,
Caldwell, NJ 07006 (201/2264555).
ELECTRONICS
ENGINEERS,
$17K-$32K. Junior and Senior
Design Engineers both local
and national. Reply in strict
confidence to A-CAREER PERSONNEL AGENCY, 11401 Valley Blvd., Suite 108, El Monte,
CA 91731 (213/444-0394).
all postions tee-paid

Inge

NATIONAL
PERSONNEL
II
CONSULTANTS

NATIONWIDE ELECTRONICS PLACEMENT
Digital Ckt Dsgn Hardware Sys Dsgn
Analog Chi Dsgn *Software Sys Dsgn
Quality Reliability Test Equipment Mtnce
Entry Level through Management
All Fees are Exclusively Employer Paid

E. J. STEPHEN ASSOCIATES
1601 Concord Pike, Suite 86, Wilmington, DE 1980
lO2i 654-5350
—SUN BELT MGRS. & ENGRS.—
Electronic & Electrical
Enjoy living in the energy rich South South
west. Confidential representation. 25
years' industry experience
JOHN WYLIE ASSOCIATES, INC.
Professional Recruitment Consultants
522 S. Boston, Tulsa. OK 74103
(9181585-3166

Engineers—SE Locations, Process,
Power Light. Software, Hardware.
Systems. Instrumentation. Facilities.
Fee Paid. No Contracts. 12 yrs.
experience Send resume to Ted
McCulloch. Beall

Associates

P.O. Box 5042
Spartanburg, S.C. 29304
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Design
Engineers
Oregon is aplace for an individual to make a
difference. It offers you asought after lifestyle,
beautiful country, friendly people, healthy environment and varied recreational opportunities.
As arapidly growing division of Plantronics, a
highly respected international manufacturer of
telecommunications equipment, Kentrox will
offer you achallenge and chance to use your
professional skills to make a measurable contribution. We currently have opportunities for
design engineers in the following areas:

NAVAL RESEARCH LABORATORY
SPACE SCIENCE DIVISION
SOLAR PHYSICS BRANCH
is seeking an

ELECTRONICS ENGINEER
GS-12 ($23,087 to $30,017 per annum )
Selectee will have the responsibility for engineering
and managing the development of specialized rocket
and satellite borne space instrumentation in the field
of solar physics research.
This is a career Civil Service position with all the
normal fringe benefits. Travel and transportation
expenses, including shipment of household goods, will
be paid for the appointee.
Interested applicants should submit SF-171, Personal
Qualification Statement to:

NAVAL RESEARCH
LABORATORY

Sr. Design Engineer
If you have experience in analog, transmission
and signaling circuit designs, we need your
help in the development of new products.

Civilian Personnel Office
Attn: Code 1817/71-002
4555 Overlook Avenue, S.W.
Washington, D.C. 20032
Telephone: (202) 767-3030

Design Engineer
If you have aBSEE, 2-5 years analog/digital experience and knowledge of data market, digital
multiplexing, modem and protocol design, we
have aground floor opportunity in new product design and direction.
Please send your resume to Glenna Kruger,
Personnel Administrator, Plantronics/Kentrox,
14335 N.W. Science Park Drive, Portland,
Oregon 97229. We are an equal opportunity
employer.
Oregon: An individual place

PLANTRONICS
Kentrox
A place for individuals

Electrical Engineer
We're looking for someone who is looking for ...

Consumer Product Design and Development
Microprocessor Technology
Project Engineering Approach

An Equal Opportunity Employer

Radar Engineers
focus on Kwajalein

4000 miles from the continental US is the Kwajalein Atoll, acoral reef
formation in the Pacific where agroup of American companies are working
on alarge scale radar network. Our client, one of the most broadly based
enterprises in Electronics, currently requires,

digital design engineer

Kwajalein to $30K + Foreign Service Premium

Must have 5-10 years related experience including abackground in devices
used in large radar systems signal processing etc ... and data recording
equipment. These equipments would include: high speed A/D's, micro
processors, dedicated computer 1/0 channels, high speed (ECL Ibuffering
memories, display and formatting digital logic, and system control logic.
General related experience would also include interfacing high speed
devices (1f/20 megabits/sec). High speed digital "pipeline" processing
(10MHz and greater).
Benefits include overseas and extended work schedule allowances:
position leads to re-assignment opportunities at US east coast facility;
family housing; additional vacation accrual during foreign assignment: and
transportation for annual home visits.

system engineer
New England based to mid $30's
To coordinate data interpretation as related to the hardware system
involving occasional field trips to the Pacific. Must have 5-10 years related
experience and an understanding of hardware interaction between analog
portions of radar and computer 1/0 processing channels. Background must
have included system analysis to alevel required for projecting
modifications or changes to alarge radar system for upgrading.
Call Bruce Palmer Collect at (201) 777-6900 or send resume to:

Be part of the product development of the electrical systems
for Johnson and Evinrude Outboard Motors. Interest in boating and engines is aplus. BSEE required.
No resume required. Contact: Roger Gallentine
(312 )
689-5289

OUTBOARD MARINE CORP.

100 Sea Horse Drive

Waukegan, III. 60085

An Equal Opportunity Employer M/F

Electronics/July 19,

1979

881 Allwood Road
Clifton, NJ 07012

Professionals Placing Professionals
An equal employment opportunity M/F

-- South

Pacif ic

4,1k,
C,
ASSOCIATES
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ENGINEERS/
MANAGERS

ELECTRONICS
ENGINEERS
The recognized leader in the manufacture of earthmoving
equipment needs EE's and CompE's with a history of
achievement to work on Research and Engineering projects
in Peoria, Illinois.
All positions require aBS in ELECTRICAL ENGINEERING or
COMPUTER ENGINEERING, and 3+ years experience.
ELECTRONIC DESIGN ENGINEERS
Concepting and developing electronic control systems for
application on engines, vehicles and manufacturing processes.
DATA SYSTEMS ENGINEERS
Implementing computerized data acquisition systems for
laboratory testing.
Experience with hardware/software
essential. Knowledge of transducers and instrument systems
desirable.
INSTRUMENT DESIGN ENGINEERS
Developing specialized electronic instrumentation for R & D
testing.
Experience with analog, discrete digital, and
microprocessor circuit design is essential.
Knowledge of
transducers and instrument systems desirable.
ELECTRICAL COMPONENT ENGINEERS
Designing and specifying sensors, actuators, and electrical
components for control of diesel engines and earthmoving
equipment.

MR. BERT R. BORN
PROFESSIONAL & TECHNICAL EMPLOYMENT
CATERPILLAR TRACTOR CO.
100 N.E. ADAMS

te
198

61629

CATERPILLAR
An

Equal

Opportunity

DESIGN ENGINEERS to $381C
Central Penna. Design connectors/terminals, micro-processors. Outstanding relocation packages. Prompt confidential reply. MECK ASSOC.
PERSONNEL, 1517 Cedar Cliff,
Camp Hill, PA 17011 (717/
761-4777).
ENGINEER MANAGEMENT to
$451(
Selected
companies
throughout U.S. need superstars. Design, porject, management levels. Reply in strict
confidence. Call collect. John
Ruck, CAREER ASSOCIATES,
583 State Rd., N. Dartmouth,
MA 02747 (617/997-3311).
ENGINEERS to $40K. Get
results from the oldest private employment service (est.
1946) in the heart of New
England with the best clients
in the industry. Contact LANE
EMPLOYMENT SERVICE, 405
Main Street, Worcester, MA
01608 (617-757-5678),
all postions lee-paid

Inge

NATIONAL
PERSONNEL
II
CONSULTANTS

'The
E ineers
ex

Systems Engrs.
Data Processing
Electronics

Send resume—in confidence—to:

PEORIA, IL

ELECTRONIC ENGINEERS,
$18,000-$45,000. For the elec
tronics engineer, New England
offers the widest diversity of
positions available anywhere.
As one of the largest, long
established (15 years) technical placement organizations
in the area, we can represent
you with a wide variety of
clients, large and small, for
positions ranging from entry
level to senior management.
Nationwide representation is
also part of our service. Contact Bob McNamara, E. P.
REARDON ASSOCIATES, 888
Washington St., Dedham, MA
02026 (617/329-2660).

Employer

Salaries to S46.000

Manufacturing Engrs.
ECM Engrs.
Tool Design Engrs.
Air Traffic Contr!. Syst. Engrs
Rotating Devices Engrs.
Thermometric Engrs.
Digital CKT Design Engrs.
Power Systems Engrs.
Sr. Military Systems Engrs.
Field Engrs.(Electronic Equip.
Digital Systems Engrs.
Production Control
Programmers/Mgrs.
CIA and/or OC Engrs.
Technicians
Comparues Assume Our Fees.
Submit Resume, Call or Visit
THE ENGINEER'S INDEX
133 Federal Street, Suite 701
Boston, Massachusetts 02110
Telephone 1617/482-2800

Electronics/July 19, 1979
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OPPORTUNITY ... CHALLENGE ... ENGINEERING

now while program assignments are growing. Ask us

career openings exist NOW at Boeing Wichita

today just how your experience and background can

Company on anumber of long range programs involving
advanced aircraft systems. Staffing is underway for
the early phases of a range of projects relating to
Air Force bombers and tankers.
Air Launched Cruise Missiles Integration .. .Offensive
and Defensive Avionics Systems ... Countermeasures
Systems . .Electronic Agile Radar Systems .
Electronic Steerable Antenna Systems ... Weapon
System Trainers. .
Aircraft Winglets ...
and Automated
Test Equipment. Join these high technology programs

match our many requirements. We think you'll be
pleasantly surprised at what we have to talk about.
AND MIDWEST LIVING, the kind of friendly neighbor
environment you won't find elsewhere in a Metropolitan
area without big city problems is waiting ... for families
and families-to-be. Wichita, with an area population
of 383,312, has close-to-work living, excellent schools
including three universities, smog-free four-season
climate and recreational activities, informal atmosphere
with ample opportunity for personal expression
and growth.

IMMEDIATE REQUIREMENTS include the following which require U.S. Citizenship and BS or higher degree in
Engineering, Physics, Computer Science or Math.

•STRUCTURAL DESIGN

•INSTRUMENTATION TEST

•STRESS ANALYSIS

•TEST PLANNING

•PRODUCT SYSTEMS ENGINEER

•CONTROL SYSTEM ANALYSIS

•ELECTRICAL/ELECTRONIC
INSTALLATION DESIGN

•ELECTRONIC SYSTEM ANALYSIS

•GROUND SUPPORT REQUIREMENTS
ELECTRICAL/ELECTRONICS

•POWER DISTRIBUTION ANALYSIS

•INSTRUMENTATION DESIGN
•TECH WRITER -ELECTRONICS/
MECHANICAL

•SYSTEM SAFETY
•FACILITIES ENGINEERS ELECTRICAL/MECHANICAL

•ELECTRONICS/ELECTRICAL TESTING

•MANUFACTURING RESEARCH &
DEVELOPMENT ENGINEERS

•FLIGHT SYSTEM TESTING

•TOOL ENGINEERS

Send resume to: Jim Snelling, Boeing Wichita Company
4300 E. MacArthur Road, Dept. E7
Wichita, Kansas 67210
or Call Collect (316) 687-3057

Am p
A
e
e "- ova,

WICHITA COMPANY

An Equal Opportunity Employer M F
Electronics/July 19, 1979
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ELECTRONIC ENGINEER

Hardware/Firmware, Software,
Product and Application Engineers

OUR R %VTR CAN BE
YOUR GROW
At Allen-Bradley Systems Division, we apply "state-of-the-art" computer and
microprocessor technology to industrial systems. This Division has grown
four-fold since 1975 and is still growing... strong! As an important part of an
international corporation, employing over 13,000 people, we emphasize stability
and a sophisticated professional environment, which promotes your growth
and ours.
Opportunities exist for engineering professionals in the following areas

HARDWARE/FIRMWARE DESIGN ENGINEERS
We have a variety of challenging assignments for engineers able to
take responsibility to design and develop programmable controllers
and numerical control systems employing digital and analog design
techniques. Your background should include a B.S.E.E., scientific or
advanced degree with 2
years of related experience. Involvement
with computer and microprocessor design is highly desirable.

SOFTWARE ENGINEERS
Since receiving your engineering or scientific degree (E.E., Comp.
Eng., Comp. Science, Math, or Physics), you have two or more years
experience establishing a strong engineering orientation and an assembly
language background, preferably with minicomputers. You are ready
to assume project responsibility for software specifications, including
design, test and documentation. Projects can include numerical control,
communications and machine dependent software.

PRODUCT/MARKETING ENGINEERS
Draw upon your experience to identify market possibilities for new
products. Duties include participation in research, exploration, identification and recommendations for product opportunities based on
anticipated industry-wide requirements. Background should include
B.S.E.E. with 2 or more years experience and understanding of microprocessor technology and applications.

APPLICATIONS ENGINEERS
Use your engineering skills to define customer control system requirements, determine design strategy and prepare proposals. Also implement
control systems, participate in customer/sales training programs
and be involved in new product planning and development. You presently
have an engineering degree or equivalent experience in industrial control
systems. Exposure to microprocessors and/or programming helpful.
If your experience and career goals match these professionally rewarding
positions, you owe it to yourself to contact us. The total compensation plan
is good, including generous benefits and the career growth possibilities are
exceptional! Act NOW! Send your resume and salary history/requirements to:
Duane C. Smith, Salaried Employment Supervisor

ALLEN-BRADLEY CO.
Systems Division

Dept EM

747 Alpha Drive •Highland Heights, Ohio 44143

Quality in the best tradition.
An Equal Opportunity Employer
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M/F

National corporation, a leader and innova•

tor in the application of process automation
and computerization has a unique and
challenging opportunity for ahands on type
engineer in process computer and microprocessor based systems maintenance incorporating analog. digital and software
subsystem responsibilities in its Virginia
facility.
Duahfied applicant should have minimum
AS degree (BSEE preferred) with three to
five years working experience in computer
controlled process or machine tool
systems, along with the ability to work with
software at both the assembler and machine language levels. Knowledge of
electro-optic and electro-mechanical inter.
face systems is aplus. Ability and desire to
interface directly with production and
management is essential.
For immediate consideration please send
resume with salary history to: P-9845,
Electronics, Class. Adv. Dept., P.O. Box
900, N.Y., N.Y. 10020.
FF0 M F H

ELECTRONIC PROFESSIONALS
•Manufacturing
•Engineering
•Administrative
•Management
-rpletely confidential recruiting.

SHS

INTERNATIONAL

1401 N. Cedar Crest Blvd
Allentown, PA 18104
12151437-5551

FACULTY POSITIONS VACANT
Electronics Instructor. Electronics
Technology Instructor for 2 year
Associate Degree program. Masters
degree in electrical engineering
preferred. Minimum of 5 years field
and/or teaching experience required.
Basic electronics plus communications, digital systems, micro.
processors and instrumentation.
!position begins August 20, 1979.
Send letters of applications to: Vice
President of Academic Services, Lincoln Land Community College,
Springfield, IL 62708. Equal Opportunity Employer.
Electronics Engineering Technology
faculty position starting August
1979. To teach in an ECPD accredited associate degree program in
small technical college in scenic
central Vermont. Prefer an M.S. and
recent practical experience. 9
months academic year. Salary negotiable. Generous fringe package.
Closing date July 20. Contact: Walter
Satre.
Director
Engineering
Technology Division. Vermont
Technical College, Randolph Center.
VT 05061. (8021 728-3391. An
Equal Opportunity Employer.
SCHOOLS
World Open University—A NonResident Graduate School —Division
of Electrical, Electronics & Computer
Engineering offers full graduate
courses in areas: Applied Mathematics & Physics; Electronics
Engineering Electrical Circuits; Computers & Advanced Programming;
Communications Systems; Control
Systems; Energy-Power Systems;
Nondestructive Testing—leading to
MS., Ph.D., Sc.D., Eng.D., Tech. D. —
guided by full professors having a
series of original contributions to
inter-national learned societies.
Request complete information to
WOU, PO Box 5505, Orange, CA
92667, USA, enclosing $5 in US, or
US $7 outside of US, for airmailing.
Self-authored original paper reprints
froiri national learned societies may
get proper credits. WOU is racially
nondiscriminatory. To mention
Electronics in request.
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1 ENGINEERS

RESUMES
Resumes—Complete instructions
and examples; $4, Consultants. Box
567—J Bergenfield. NJ07621

BUSINESS OPPORTUNITIES

How To Earn Money As AConsultant
(including specimen contracts,
Business Psychology Intl 890 14
National Press Bldg., Washington.
D.C. 20045.

1:n'I

Would
you hire
an engineer
who
couldn't
understand
this
magazine?

LET THE SUN
POWER YOUR
CAREER
TOWARD
SUCESS

You can develop and
market photovoltaic systems that
really work ...putting the energy source
of the future to work today!
Due to rapidly growing demand for photovoltaic power systems the world's leading
manufacturer has many career opportunities available. Solar Power Corp., an affiliate of Exxon Enterprises, Inc., was founded to develop and apply photovoltaic
power sources to present and future energy needs. During our 6 years, our installed
systems have expanded from small, remote power sources for navigational aides to
powering transcontinental communications networks to being selected by the Department of Energy to build two multi-acre systems that will be connected to the
utility grid and will supply commercial quality AC power.
To support this expansion we are seeking qualified individuals to develop, design,
and manufacture solar cells, solar panels, and complete systems. Some of the positions we are currently seeking to fill are:

•
PHOTOVOLTAIC SYSTEMS DESIGNERS

To develop the systems that will be installed in the field and to predict and optimize
their performance.

•
SOLAR CELL ENGINEERS AND SCIENTISTS
To lead the development of future generation products.

•
SENIOR CIRCUIT DESIGNER
Of course not ELECTRONICS is
the technical publication for technical people. If they can't understand it. they can't receive it. That's
why. when you're looking for qualified engineers, you should consider our Classified Section
For only S65 00 per inch your recruitment advertising will reach
over 90.000 pre-screened engineers as they're reading to combat
lob obsolescence while they're
thinking about their future and
bettering themselves.
There's no charge for typesetting and free layout service is
provided
For more information call or
write:

To design and introduce new concepts in power regulation and conditioning equipment and to develop new monitoring and test instruments.

•
MECHANICAL ENGINEERS, MATERIALS
ENGINEERS 84 MECHANICAL DESIGNER
To test and design products and production tooling based on new photovoltaic
module and panel concepts.

•
ELECTRONIC, MECHANICAL,
AND PHYSICS TECHNICIANS
To assume project roles in all areas.
Industrial experience, especially direct photovoltaic experience is highly desirable,
but technical confidence and the ability to work at aproject level are the prime qualifications.
All positions offer excellent growth potential, competitive salary, acomprehensive
benefits package, cultural and recreation advantages of suburban Boston, and the
opportunity to make your contribution to this exploding technology count.

11

ELECTRONICS
Post Office Box 900
New York, N.Y. 10020
Phone: 212/997-2556
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Please send a resume or letter describing your interest and qualifications to:

Solar Power
Corporation

Mrs

Karen Hodgson

5 Executive Drive
North Billerica
Mass. 01862

Affiliate of EXXON Enterprises, Inc.
An Equal Opportunity Employer M/F
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Articles
R-901 1979 world market survey and
forecast 24 pp $4.00
R-829 Special report: New networks tie
down

distributed

processing

concepts 16 pp $3.00
R-827 Tackling

the

problems

very

large-scale

of VLSI:

a special

report 15 pp $3.00
_

R-825 1978 technology update special

_

R-821 Codecs answer the call 18 pp

issue $4.00
$4.00
R-817 How bit-slice families compare
18 pp $3.00
_

R-816 Packaging technology responds
to the demand for higher densities 9 pp $3.00
R-815 Higher power ratings extend VMOS FETs' dominion 8pp $2.00

_

R-813 Data-link control chips: bringing
order to data protocols 10 pp

_

$3.00
R-811 Multiplexing

liquid-crystal

dis-

plays 10 pp $3.00
_

R-809 New methods and materials stir
up printed wiring 10 pp $3.00
R-807 Here come the big, new 64-K
ROMs 14 pp $3.00

_

R-805 Why and how users test micro-

_

R-801 World market report 1978 24 pp

_

$4.00
R-734 Microcomputer families expand

processors 8pp $3.00

20 pp $4.00
_R-730 Special report —Automotive
electronics gets the green light
10 pp $3.00
_

R-728 Flexible circuits bend to design-

_

R-724 Special

ers' will 10 pp $3.00
report —Technologies

squeeze more performance from
LSI 22 pp $3.00

Charts
R-823 Communications satellites $3.00
R-516 Electronic symbols $2.00
R-213 Electromagnetic spectrum (updated 1976) $3.00
R-326 Optical spectrum (6-page report
and chart) $3.00

Payment must
accompany your order
Make check or money order payable to Electronics

Reprints.

All

orders

are

shipped

prepaid by parcel post. Allow two to three
weeks for delivery. For additional information
call (609) 448-1700 ext. 5494.
Mail your order to:
Janice Austin
ELECTRONICS REPRINTS
P.O. Box 669
Hightstown, N.J. 08520
203

PTK
HIGH VOLTAGE FOR CRT APPLICATIONS
COMMERCIAL

•
2to 30kV, 3to 30 watts,
high voltage power supplies.
Custom flyback transformers.
MILITARY
Mil grade units for ground,
ship and aircraft.

C-100 Series
MAJOR FEATURES:

L.V. /H. V. COMBO'S
•
High voltage power supplies
combined with amultiple
output low voltage switcher.
SPECIALS
•
Miniature and sub-miniature
high voltage power supplies
to 20kV. Ultra stable or ultra
low ripple designs.
Send for Data Package on
standard product lines, or

316"

Low Cost • 2to 22kV at 10W •

•

Excellent Transient Performance
• Focus and G1 Bias Voltages

4.13"

to ±1kV • Standard Input
+26V

10% • Demonstrated

MTBF > 100,000 hours •
UL Recognized for Medical
Applications • Input, Output
Mounting and Connector
Options available. •
3 YEAR WARRANTY

call Factory for technical
assistance.

PTK Corporation
Circle 244 on reader service card

1173 Los Olivos Avenue, Los Osos, CA 93402

(805) 528-5858

Dimension: mm
°3.3mm

SUPER MINIATURE

When nobody's got
just what you need
in Ferrites

PERMAG '
S

Got It!

Neon Glow Lamps
Circuits Volts
Series Resistanct
Nominal Current
Total Flux
Average Life Hou'

IIm m

NL-8S

CLEAR-GREEN
Fluorescent Glow Lamps

In stock. 01f-the-shelf. 24-hour
delivery. Grinding to your prints.
Engineering assistance. Fabricating
facilities. In addition, PERMAG has
exotic, exclusive hard-to-get items.
Complete facilities for measuring.
testing, and producing special
materials.8 modern plants stocked.
staffed, and equipped to meet your.
every requirement.
Write for new catalog.

IN THE MAGNETIC FIELD
PERMAG IS NO. I.

AC105-125
I50K52
0.3mA
20mIm MIN.
•30,000

I9mm

Circuit Volts
Series Resistance
Nominal Current
Total Flux(MIN.)
Avg. Life Hours

AC crDC 105-125
331(S2
1.6mA
AC:120m1m,DC:130m1m
NL-35
AC:30,000 DC:40,000

Circuit Volts
Series Resistace
Nominal Current
Total Flux
Avg. Life Hours

AC 105-125
27KS2
15mA
90mIm MIN.
20,000

• MAIN PRODUCT
NEON GLOW LAMP, XENON FLASH LAMP,
RARE GAS, DISCHARGE LAMP.
MINIATURE: BLACK-LIGHT, UV-LIGHT,
FLUORESCENT COLOR-LIGHT.

,
SOURCE
•••,E,C MATERIALS.

NL 2 IG

ELEVAM ELECTRONIC TUBE CO., LTD.
AIL

'CROSS

IRE

EXPORT DIVISION

COUNTRY

Consult your Yellow Pages for address and telephone number ol Permag near you

NO.

17- 8 CHUO

2 CHOME OTA-KU. TOKYO

TELEPHONE' 03 774

204

Circle 208 on reader service card

1231— 5

JAPAN.

TELEX: 246-8855

ELEVAM

Circle 209 on reader service card

YOURS FREE
when you subscribe
to Electronics.
This

PLEASE ENTER MY SUBSCRIPTION TO ELECTRONICS FOR:

ONE YEAR AT $17 '1TWO YEARS AT $29
'Payment Enclosed

Designers

Casebook—

• American Express

CHARGE MY

TO

THREE YEARS AT $43

.

Bill Me

[¡
Diners Club

Master Charge
Acct. No.
Date Card Expires

SUBSCRIPTION

Number 2

III

Bill My Company

[¡
Visa

Interbank No.

Signature

DMr.
NAME 0Mrs.
0Ms.
COMPANY

53990-G

TITLE
DIV. or DEPT

COMPANY ADDRESS
CITY
STREET

1
PLANT

2

DEPARTMENT

ZIP

Signature

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.

A.
B.
C.
D.

Large computers
Mini-computers
Computer peripheral equipment
Data Processing Systems (systems
integration)
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.

STATE

CITY

Qualification for above rates is based on answers to all questions listed below.
Those not qualifying may pay higher than basic price of $30 one year or $75
for three years.

2.

ZIP

STATE
Check here d you wish
publication to be sent to
home address

K.

Industrial controls, systems and
equipment
Sub-assemblies
Passive electronic components
Active electronic components
Materials and Hardware
Aircraft, Missiles, space and ground
support equipment
Q. Oceanography and support equipment
R. Medical electronics
S. Industrial equipment containing
electronic components or products
T. Independent R&D laboratory and
consultant
L.
M.
N.
O.
P.

Indicate your principal job function (place applicable
num ber in box. If numbers 9, 10, or 11 are used, fill in name
of college or university)
1 General and corporate management

4.

U.

Research and development
organizations which are apart of an
educational institution
V. Govemment Agency and military
W. Industrial companies using and/or
incorporating electronic products in
their mfg., research or development
activities
X. Utilities
Y. Broadcasting, sound and motion
pictures and recording studios
Z. Commercial users of electronic
equipment (railroads, pipelines,
police, airlines)
9. College, University

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

2. Engineering

2 Design and development engineering
3 Engineering services (evaluation, quality control,
reliability, standards, test)

5.

la

Your design function: (Insert each letter
that applies)

4 Basic research
5 Manufacturing and production

A. Ido electronic design or development engineering work

6 Engineering support (lab assistant, technician)

B. Isupervise electronic design or development engineering work

7. Purchasing and procurement

C. lset standards for, or evaluate electronic design components.
systems and materials

8. Marketing and sales
9. Professor at
10. Senior student at
11. Graduate student at
Senior and graduate students are eligible for professional
rate for one year subscription only.

6.

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

111

ito 49

50 to 249

250 to 999

Subscriptions are normally entered within 2 weeks, but please allow 4 weeks for receipt of first issue.

EIII over 1,000

111111

NO POSTAGE
NECESSARY
IF MAILED
IN THE
UNITED STATES

BUSINESS REPLY MAIL
FIRST CLASS

PERMIT NO. 42

HIGHTSTOWN. N.J. 08520

POSTAGE WILL BE PAID BY ADDRESSEE
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Complete entire card.
Circle the number on the Reader
Service postcard that corresponds
to the number at the bottom of the
advertisement, new product item, or
new literature in which you are
interested.

Reader Service
For additional information
on products advertised,
new products or new literature,

I= lElni ern =EC 1311=
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1
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Fill in the subscription card adjoining
this card. Electronics will bill you at
the address indicated on the card.
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This reader service card expires October 19, 1979

NAME

I

Subscriptions & Renewals

To aid the manufacturer in filling your
request, please answer the three
questions.

use these business reply cards.

ri

All inquiries from outside the U.S. that
cannot reach Electronics before the
expiration date noted on the Reader
Service postcard must be mailed
directly to the manufacturer. The
manufacturer assumes all responsibilities for responding to inquiries.

Please print or type.
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COMPANY

STREET ADDRESS (company o or home O check one)
I

CITY
Was This Magazine Personally Addressed to You', 1:1 yes DNo
Industry classification (check one):
a E Computer & Related Equipment
b E Communications Equipment & Systems
CCI Navigation, Guidance or Control Systems
d D Aerospace, Underseas Ground Support

I
I

STATE

ZIP
5Source of Inquiry—DOMESTIC
j 0 Independent R&D Organizations
kD Government

e E Test & Measuring Equipment
f ID Consumer Products
g E Industrial Controls & Equipment
h E Components & Subassemblies

Your design function (check each letter that applies):
Your principal job responsibility (check one)
X LI Ido electronic design or development engineering work.
t El Management
yEl Isupervise electronic design or development engineering work.
Engineering
zD Iset standards for, or evaluate electronic components, systems and materials. v
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NAME

TITLE

PHONE (

COMPANY

STREET ADDRESS (Company CI or home D check one)
CITY
Was Tins Magazine Personally Addressed to you' 1:1 yes 0No
Industry classification (check one):
a D Computer & Related Equipment
b D Communications Equipment & Systems
c E Navigation, Guidance or Control Systems
d O Aerospace, Underseas Ground Support

STATE

e0
fD
gD
hD

ZIP
5Source of Inquiry—DOMESTIC
j D Independent R&D Organizations
k D Government

Test & Measuring Equipment
Consumer Products
Industrial Controls & Equipment
Components & Subassemblies

Your design function (check each letter that applies):
Your principal job responsibility (check one)
X E Ido electronic design or development engineering work.
t CI Management
yE Isupervise electronic design or development engineering work.
0 Engineering
zE Iset standards for, or evaluate electronic components, systems and ma t
er ials.
Estimate number of employees (at this location):
1
2
3
4
5

u

6
7
8
9
10

16 31 46
17 32 47
18 33 48
19 34 49
20 35 5C1

61
62
63
64
65

76
77
78
79
80

21 36
22 37
23 38
24 39
25 40

66
67
68
69
70

81 96
82 97
83 98
84 99
85 100

51
52
53
54
55

11 26 41 56
12 27 42 57
13 28 43 58
14 29 44 59
15 30 45 60

71 86
72 87
73 88
74 89
75 90

91
92
93
94
95

101
102
103
104
105

1. D under 20

2. D 20-99

106 121 136 151
107 122 137 152
108 123 138 153
109 124 139 154
110 125 140 155

166
167
168
169
170

181
182
183
184
185

196
197
198
199
200

211
212
213
214
215

226
227
228
229
230

256
257
258
259
260

271
272
273
274
275

348
349
350
351
352

111
112
113
114
115

126
127
128
129
130

241
242
243
244
245

3.0 100-999
363
364
365
366
367

378
379
380
381
382

393
394
395
396
397

408
409
410
411
412

4. El over 1000
423
424
425
426
427

438
439
440
441
442

453
454
455
456
457

468
469
470
471
472

483
484
485
486
487

498
499
500
501
502

703
704
705
706
707

718
719
720
900
901

141
142
143
144
145

156
157
158
159
160

171
172
173
174
175

186
187
188
189
190

201
202
203
204
205

216
217
218
219
220

231 246 261
232 247 262
233 248 263
234 249 264
235 250 265

338
339
340
341
342

353 368 383 398 413 428 443 458 473 488 503 708 902
354 369 384 399 414 429 444 459 474 489 504 709 951
355 370 385 400 415 430 445 460 475 490 505 710 952
356 371 386 401 416 431 446 461 476 491 506 711 953
357 372 387 402 417 432 447 462 477 492 507 712 954

116 131 146
117 132 147
118 133 148
119 134 149
120 135 150

161
162
163
164
165

176
177
178
179
180

191
192
193
194
195

206
207
208
209
210

221
222
223
224
225

236
237
238
239
240

343
344
345
346
347

358
359
360
361
362

251
252
253
254
255

266
267
268
269
270

373
374
375
376
377

388
389
390
391
392

403
404
405
406
407

418
419
420
421
422

433
434
435
436
437

448
449
450
451
452

463
464
465
466
467

478
479
480
481
482

493
494
495
496
497

508
509
510
701
702

713
714
715
716
717

956
957
958
959
960

Electronics

If the cards below have already been used,
you may obtain the needed information

Reader Service

by writing directly to the manufacturer,
or by sending your name and address,
plus the Reader Service number and issue date,
to Electronics Reader Service Department,
P.O. Box No. 2530, Clinton, Iowa 52734.
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EN! truly is the Power Elite. In
fact, when you want the ultimate
in power flexibility. there's simply
nothing finer in all the world.
And our instrumentation can meet
all your application needs, for RF
signal generator amplification,
RFI /EMI testing, signal distribution. RF or data transmission.
NMR/ENDOR. ultrasonics and
more.
ENI's selection of Class A
power amplifiers is unsurpassed.
combining afrequency spectrum

of 10 kHz to 1GHz with power
outputs that range from 300
milliwatts to over 4.000 watts.
Rugged, compact and versatile,
these power amplifiers can
be driven by virtually any signal
source. They're completely
broadband and untuned, amplifying inputs of AM, FM. TV. SSB
and pulse modulations with
minimum distortion. The unconditional stability and failsafe
design make them impervious to
severe load conditions (open or

FKIF
The World's Leader in Power Amplifiers
Circle 901 on reader service card

short circuit), delivering their
rated power to any load, regardless of match.
Clearly. when it comes to
meeting your power amplification
needs. ENI is in aclass by itself.
For detailed technical specifications, ademonstration or our
latest full-line catalog, write:
ENI. 3000 Winton Road South,
Rochester, New York 14623.
Call (716) 473-6900, or Telex
97-8283 ENI ROC.

And save you valuable space.
Model 20 SIP trimmers save you precious PC
board space, yet don't cost a fortune. Only
.785' X .185" X .079" in size, the Model
20 SIP trimmer occupies just 25% of the board
space used by ccrnparable DIP configurations and
50% of that used by conventional 3
/-inch
4
rertLaqular trimmers. The low board profile of
.185-inches and .100-inch spacing are ideal for
meeting all of your high density PC board
trimmer needs.
Priced at only 7.5* in 1,000 to 4,999 quantities.
Model 20 SIP trimmers are available in 18
standard resistance values ranging from 10 ohms
to 5 megohms. Options of either hand or
machine inserticn, plus compatibility with
automatic test equipment add up to more cost
savings yet.
There's no sacrfice in performance either. Sealed
to withstand industrial cleaning processes,

i ice
;

Model 20 SIP trimmers have a low tempco of
100 ppm/°C over —55°C to +125°C
temperature range. Power rating is 0.50 watt:. at
70°C. The stable cermet element offers infinite
resolution. The wiper assembly idles at both
ends of travel. eliminating damage from forced
adjustm
Put these fittle jewels to work for you. Dramatic
space savirigs, the ring of Boums quality,
and sparkling performance, too. Contact your local
Boums representative for evaluation samples
or send today for complete details. Or, see EEM
directory, Volume 2, pages 3804, 3805.
TRIMPOT PRODUCTS DIVISION, BOURNS, INC.,
120D Columbia Avenue, Riverside, CA 92507.
Phone: 714 781-5050. TWX: 910 332-1252.
European Fi•cadquarters: Boums AG, Zugerstrasse 74 6340 Baar,
Switzerland. Phone: 042 33 33 33. Telex: 78722.
.r)omesUc (IS),

ej
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