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The right DVM Decision means
>] ppm resolution, HP-IB, and math...
all for $3200:

Introducing HP’s 3455A DV M —a microproces-
sor controlled DVM with high resolution and
computational capability for the lab plus high
speed and good noise rejection for systems use
..complete with true r.m.s. ac to IMHz, dc and
ohms for $3,200*. HP’s new high-speed micro-
processor gives the lab user:

5% or 6% digit resolution. Choose from the
normal 5% digit mode or the High Resolution
6% digit mode for >1 part per million resolu-
tion...ideal for trimming, matching and balancing
in the Standards lab. Wide bandwidth ac readings
are always displayed with 5% digit resolution.

Math capability. Enter constants into memory
and you can offset readings, take ratios or scale
a measurement to give direct readout in engi-
neering units. Or, display percent error from a
standard value in memory to speed calibration
and inspection tasks.

But the microprocessor is also con-
trol oriented to give the systems user:

Fast reading. Read at rates up to
24/sec on dc ranges, up to 12/sec in
the fast ac mode and up to 12/sec on
ohms ranges. You get this high dc
speed with >60 db normal mode
noise rejection at line related fre-
quencies.

Easy programming. Program by push-
ing front-panel buttons. That’s right,
program-code knowledge is not re-
quired. In the Binary Program Mode,
the HP-IB (HP’s implementation of
IEEE’s 488-75) compatible 3455A

3455A DIGITAL VOLTMETER
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automatically monitors front-panel control set-
tings and reports their status to the controller,
speeding and simplifying instrument program-
ming. Front-panel indicators give complete
instrument status at all times.

Removable reference and automatic calibration.
Calibrate your 3455A on the spot. Now your
DVM needn’t go to the lab for dc and ohms
calibration. Simply keep an extra reference on
hand. Then, to calibrate, just pull one out...slip
another in...and with HP’s Auto Cal you're
ready to go again in seconds.

And for both lab and systems:

Microvolt sensitivity and high accuracy. Read
directly from thermocouples and other low-level
sources ...with >140 dB CMR. On dc you have
1 uV sensitivity, 10 uV on ac. and HP’s Auto
Cal provides dc accuracy of £0.005% of read-
ing + 1 digit) for 90 days by automat-
ically measuring reference constants
and digitally correcting readings. A
test function signals out of tolerance
constants and identifies the constant
for rapid repair.

Plus convenient features and options.
Choose either 2-wire k Q or 4-wire
k 0 measurements. Switch select 50
or 60Hz operation...front or rear
panel inputs. And for $200 less
($3,000) you can substitute an average
ac converter for the r.m.s. converter.
Once you see the 3455A, you’'ll know
it’s the right system or lab DVM de-
cision. Ask your local HP field en-
gineer for all the details.

HP DVM’s-
the right decision

*Domestic U.S.A. price only.
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_ Introducing push-button
microprocessor system debugging.

HP’s 1611A Logic State Analyzer ... Dedicated to all 8080 or 6800 based systems.*

View program flow in mnemonics.
With CRT data and addresses select-
able in either hexadecimal or octal
formats and external lines in 1's and 0’s.

Maintain testing control. LED indicators show status
at all times. You can monitor system operation

at normal speed or stop the microprocessor and give
control to the 1611A for single or multiple keyed steps.

Enter data quickly and easily. The hexa-
decimal keyboard makes trigger and qualifier
data entry as easy as operating a calculator.
And the CRT display gives you a quick

EXTERNAL.
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Pinpoint
virtually any
specific event.
Trigger on
address, data, or
external signals. ..or
on any combination of
the three. You can also
qualify the trigger by
bracketing the address and
opting to trigger on the nth
occurrence of the trigger word.
TRIGGER ENABLE and DISABLE

keys act as arm and disarm circuits
providing unparalleled pinpointing flexibility.
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Move the display
window. Delay up to
65,472 qualified clocks
or memory transactions from
the trigger word. Or, pre-trigger to
see up to 63 bytes leading up to the
trigger word (negative time).

The 1611A should be on hand when
you start up your microprocessor-
based system. Imagine the time
you’ll save with push-button opera-
tion and an unparalleled view of your
system’s operation; viewing things
dynamically that you never could
see before. And there’s more . . .
self test; trigger outputs to drive
external equipment; error messages
to warn of improper operation or
setup; and the choice of two initial
“uP personality modules” that
let you tailor the 1611A to either
8080 or 6800 based systems.

amNeas FORMAT dmussssimiiisss,
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visual check on your entries.

PROBE TEST

Choose your display.
Either mnemonic or
absolute (op codes).
Roll the display to
view any 16-line slice
ofthe 64-byte memory.

Obtain
program and
timing data.
Qualify the display with
TRACE TRIGGER and see only
those bytes that match your trigger
inputs . . . all write instructions, for
example. Press COUNT TRIGGERS and
the 1611A displays the number of trigger
occurrences between the TRIGGER ENABLE
and TRIGGER DISABLE entries.

Push TIME INTERVAL and you get

a display of actual elapsed time

between selected points in your

program on your hardware.

HEWLETT hp, PACKARD

Sales and service from 172 offices in 65 countries.

1507 Page Mill Road. Palo Ailo, Cantorria 94304
For assitance call Washington (301) 948-6370. Chicago (312) 677-0400,
Allanta (404) 4344000 Los Angeles (213) 8771282

Let HP’s 1611A, priced at
$5,000** help you speed development,
production-line testing or service.
Ask your local HP field engineer
for all the details. Ask him about HP’s
digital seminars too. He can tell
you when one will be held in your
area and how you can attend.

*and more modules for other microprocessors to come.
**Domestic U.S.A. price only.

Managing
the data domain.
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Sharpen your competitive edge.

Use an HP computing calculator for
design, analysis, control, and test.

In the highly competitive,
high-technology electronics
business, everthing counts:
keeping costs in line, explor-
ing promising design alterna-
tives, shortening lead times,
product and prototype testing,
increasing productivity. That’s
where HP computing calcu-
lators, software, peripherals,
and interfacing capabilities
come in. They can help you
get and maintain a competi-
tive edge.

Three computing calcula-
tors and plenty of peri-
pherals: it’s your choice.
Three different models—the
low-cost HP 9815, the power-
ful HP 9825 and the all-pur-
pose HP 9830 —offer a range
of computing power.

HP peripherals include
paper tape punch and readers,
printers, storage devices, a
digitizer, a CRT, and an X-Y
plotter. You choose the
model and I/ O options to con-
figure a system just right for
you.

Software, specialized and
generalized, helps you
look at more alternatives.
HP engineers developed soft-
ware to optimize designs and
analyze engineering problems
quickly. There’s a State Vari-
able package for control sys-
tem analysis. There’'s CNAP
for circuit design and analysis,
BAMP for microwave design
and analysis, and Digital Sim-
ulation for state and timing
analysis.

You can add other pro-
grams, too—commonly
needed math routines and sta-
tistical programs to name but
two. Programs are also avail-
able for accounting applica-
tions, report generation, and
financial analysis.

Automate your instru-
ments. We make the con-
nection friendly. From sim-
ple data logging to complex
integration, our programming
commands and interface cards
make instrument interfacing
easy. Whether your instru-
ments require gCD, bit-par-
allel, RS-232-C, or HP-IB
(HP’s implementation of IEEE
Standard 488-1975), you
plug the correct interface into
the calculator and connect the
cable to your instrument. It’s
the friendly connection.

HP computing calcula-
tors: from initial design to
final test. Whether you're in
research, design, production,
or test—or all four—we can
provide the computing power
and programs to help you in-
crease productivity and sharp-
en your competitive edge.
Our new brochure for elec-
tronic engineers will show you
how. Get a copy from your HP
representative, or circle our
reader service number in this
magazine.

408/15

HP desktop computing systems put the power where the problems are.

HEWLETT @7 PACKARD

Sales and service from 172 offices in 65 countries.
P.O. Box 301, Loveland, Colorado 80537
For assistance call: Washington (301) 948-6370, Chicago (312) 677-0400,
Allanta (404) 434-4000, Los Angeles (213) 877-1282, Toronto (416) 678-9430
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Highlights

Cover: Solar-energy technology grows, 86
Photovoltaic power systems already answer
some specialized needs, and companies
worldwide are trying to boost solar-cell
capabilities to rival those of conventional
power sources. Part 1 of this special report
examines the work on lower-cost, more effi-
cient solar cells, while Part 2 reports on
efforts to develop volume production of the
cells.

Cover construction by Ann Dalton uses a
solar-cell array supplied by Exxon subsid-
iary Solar Power Corp.

European markets recover slowly, 73

As electronics firms on the Continent
prepare for the end-of-the-month Electron-
ica show, they look back on a year that
hasn’t shown the expected full recovery
from the 1975 slump.

Sharing the work lightens the load, 105

Adding satellite processors turns a comput-
er-controlled system into a distributed
control system that runs faster than a
computer-only setup. Another plus is sim-
pler software.

Low-cost filters can perform well, 111

By designing active-filter circuits for mini-
mum sensitivity to component values, it’s
possible to use loose-tolerance resistors
and capacitors and still achieve high
performance.

And in the next issue. ..

A family of one-chip microcomputers
unveiled . . . tips on memory-system de-
sign . . . digital trouble-shooting through cur-
rent tracing.
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Publisher’s letter

e Dlstnbuted-system architecture

goes all the way back to the
llliac 4 concept of about 10 years
ago,” according to David Fisher, co-
author of the article on page 105.
“However this concept didn’t really
take hold until minicomputer prices
dropped in the early 1970s. Now,
low-cost microprocessors have
changed the whole dimension of the
problem.”

Fisher, an associate professor at
Michigan State University’s Depart-
ment of Electrical Engineering and
System Science, first became in-
volved with distributed systems
through work with environmental
monitoring. Since then, he has
consulted on many large-scale dis-
tributed systems including ones to
monitor and control water pollution
and to manage farming pests for his
university and the state of Michigan.
In his eighth year at MSu, Fisher has
written a number of technical arti-
cles, including one in Electronics on
calculator-based systems.

ne of Fisher’s most successful

systems is a monitoring and
control setup for agricultural pest
management on a statewide basis.
Weather information was “‘stripped”
off 27 stations in an existing coun-
try-wide aviation weather network
and stored in a minicomputer, which
calculated temperature, dew point,
and visibility, before passing on the
data to a large central computer.
Data loggers in the field collected
other variables, such as soil tempera-
tures, which were also fed into the
computer. The central computer,
working with a built-in management
model, could then tell when to
collect biological samples, spray

insecticides, or plant crops. This
system is now being applied to farm-
ing-crop management in Michigan.

Gary Krause, Fisher’s co-author,
is an engineer specializing in design-
ing microprocessors for Motorola’s
Communications division in Chica-
go. Earlier, though, he did his thesis
on Fisher’s water-pollution project.
Discussions of this thesis triggered
the idea for their article.

olar energy is an up and coming

discipline, although there seem to
be a number of obstacles that cast
shadows over the quick harnessing of
the sun’s outpouring of energy. In
this issue, you’ll find a detailed
report on the status of research and
development into one of the most
potentially useful of solar-energy
collectors, the photovoltaic cell.

On page 86, the first part of the
report homes in on the efforts being
made to raise the efficiency and
lower the cost of these solar cells,
which can convert the sun’s rays
directly into electricity. It was writ-
ten by Joel duBow, assistant pro-
fessor of electrical engineering at
Colorado State University, Fort Col-
lins, Colo., where he is in charge of
the school’s solar-cell projects. Be-
fore moving to Colorado, inciden-
tally, he was components editor on
the New York staff of Electronics.
The second part, by our Boston
bureau manager, Larry Curran,
starts on page 91 and examines the
problems of turning out solar cells in
large volume.
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From DC to 1 megahertz, the Model 7500 direct
coupled amplifier puts up to 75 watts and 125
VRMS at your fingertips. This all solid state

unit offers typical frequency response of + .05db
and harmonic distortion of .05%. Output circuit
is both current and voltage protected. Voltage
gain is 0 to X100, fixed or variable. Both AC

and DC input coupling are provided. Ideal for
precision meter calibration and transducer driving.
Price $1500.00. Stick with the WAVEMAKERS.™
Write for complete details, phone (617) 580-1660
or any listed office.

the 7500 amplifier...

WIDEBAND-AID
for

WWLlilpnoHN-HITE

CORPORATION

Avon Industrial Park, Avon, Mass. 02322 ® (617) 580-1660

SALES OFFICES: ALA., Huntsville (205) 534-9771. ARIZ., Scottsdale (602) 957-9110. CAL., San Jose
(408) 292-3220. Inglewood (213) 674-6850; COL., Denver (303) 773-1218. CONN., Glastonbury (203)
633-0777. FLA., Orlando (305) 894-4401. GA., Atlanta (404) 237 7272. HAWAII, Honolulu (808) 9411574
ILL., Arlington Hts. (312) 394 3380: MD., Baltimore (301) 321-1411: MASS., Lexington (617) 861-8620
MINN., St. Paul (612) 645-5816. MO., St Louis (314) 423-1234; N.M., Albuquerque (505) 255-2330
N.J., Cherry Hill (609) 482-0059: N.Y., Elmont (516) 488 2100. Rochester (716) 328-2230. Syracuse
(315) 4376666, Vestal (607) 7859947. N.C., Burlington (919) 227-3639; OHIO, Chesterland (216)
729-2222. Dayton (513) 434-8993: OKLA., Tulsa (918) 299-2636: ORE., Portland (503) 297-2248: TEX.,
Dallas (214) 661-0400. Houston (713) 688-1431: VA., Falls Church (703) 5738787 WA., Bellevue (206)
434.3400: CANADA, Montreal. Quebec (514) 3417630 Ottawa Ontario (613) 2355121. Toronto
Ontario (416) 4459900 Vancouver British Columbia (604) 253-5555 Halifax. Nova Scotia (302)
454-8321. St John's Newfoundland (709) 726-2422
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Benwould have
liked you.

Ben thought that there had to
be more to lightning than just

fire in the sky. So he ignored
what people told him and did
a little rainy-day research
on his own.

Determined curiosity—
like Ben’s—has guided your
imaginative progress in the
microelectronics field. At
Kodak, we have combined
extensive research with a
deep understanding of your
industry, so that our skilled
representatives can help
improve your product or
production techniques.

We try to make your job

Circle 6 on reader service card

a little easier, a little more
efficient.

For more information
about our products for
microelectronics, write
Eastman Kodak Company,
Dept. 412L (48-F),
Rochester, N.Y. 14650.

RESULTS
COUNT

Readers’ comments

Force funds aren’t transferable

To the Editor: I am writing in hopes
of correcting a misunderstanding
that is implicit in your editorial,
“Computer security: a case of priori-
ties” [Sept. 30, p. 10].

I do see the obvious implication of
the juxtaposed facts, but, as usual,
the matter is more complex than is
stated. Each year, Congress funds the
Department of Defense within an
overall ceiling, but DOD is not free to
use these funds as it wishes.

The money is directed into various
categories, called major force pro-
grams, and may not be transferred
between the programs. One such
category contains tactical jet fight-
ers, such as the F-15. Security
research falls into a separate pro-
gram.

The Congress and the people they
represent have an enormously diffi-
cult job in sorting out a balanced
military program from increasingly
scarce resources; therefore, it is easy
to find any number of apparent
incongruences within any given
program.

Please consider that we, both the
military and the Congress, are
simply trying our best to cover the
needs with available wherewithal.
After all, the number of F-15s is also
drastically reduced from the number
required for the envisioned
threat.

Robert J. Kunkle
Capt. USAF
Bedford, Mass.

Surveys no help to engineers

To the Editor: The Oct. 14 issue of
Electronics reported that the Engi-
neering Manpower Commission had
overwhelmingly decided not to modi-
fy its policies of issuing its inaccu-
rate supply and demand forecasts
p. 36].

These “forecasts,” which are dis-
tributed to high school and college
guidance personnel, are used to
seduce gullible students into the
engineering profession. Thus, EMC
serves its academic and corporate
masters, rather than the working
engineer.

Irwin Feerst
Massapequa Park, N.Y.
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SORENSEN

IS THE SOURCE.
FOR MODULAR SWITCHING

POWER SUPPLIES.

Check our standard features:

e 10 models, 1.8V to 56V with power levels ranging up to 225
watts.
115/220 Vac input by external barrier strip change.
50/60-Hz operation with no derating.
Logic shutdown for system applications.
Extra long hold-up time.
Low ripple and noise through use of double-stage filtering.
Wide-range output voltage adjustment.
Built-in adjustable overvoltage protection.
Superior line and load regulation.

UL component recognition.

High power-to-weight ratio.

20-kHz switching.

Rack adaptors available.

Immediate delivery.

Made in U.S.A. of quality components.

Five-year warranty, backed by worldwide service
organization.
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Check our specifications:

AC Input Power: 98 Vac-132 Vac, 187 Vac-250 Vac.
Frequency: 47-63 Hz single phase. 360-440 Hz (double
rms Ripple spec.) No derating. Voltage selectable by a
single link on the front panel.

Voltage Regulations: Line: 0.03% over full AC input range. Load:
0.03% for zero to full lead.

Voltage Ripple: Typical 2m V rms, 20mV pk-pk (20Hz to 20 MHz).
Max. 5mV rms, 50mV pk-pk (20Hz to 20MHz).

Temperature Coefficient: 0.01% max. per °C.

Stability: 0.05% max. for 24 hours after warm-up.

Transient Response Time: Output voltage returns to within 1%
in less than 1.2 ms following a step-load change from
either 50% to 100% or 100% to 50% of full load.

Overshoot: No overshoot at turn-on, turn-off or power failure.

Hold-Up Time: Full regulated voltage holds up for 40ms after

removal of power at full load, and nominal input and output
voltages (80ms for half load).

Overvoltage Protection: Built-in adjustable overvoltage pro-

tection standard on all models.

Efficiency: Up to 78%.

Remote Sensing: Voltage drops can be compensated for up to

the max. specified terminal voltage.

Paralleling: May be directly paralleled without derating.

Soft-Start: In-rush current is limited by soft start circuit.

5V 30 Amps.

$295.

Nominal |Output Volt-
Model No. | Voltage | age Adjust- Output Current Price
ment Raﬂﬁ
min. max. [240°C@50°C@60°C@71°C
SSD2-30 2 1.8 3.01 300 27.0 225 15.0 1295
SSD5-30 5 47 6.5 | 300 270 225 1509 295
SSD9-20 9 6.5 95) 200 180 150 10.0 295
SSD12-15 12 95 130] 180 135 112 7.5 295
SSD15-12 15 130 17204 120 108 9.0 6.0 295
SSD18-10.5 18 16.0 210} 105 9.4 7.8 5.2 295
SSD24-8.5 24 200 26.0 85 7.6 6.3 4.2 295
SSD28-7 28 25.0 33.0 7.0 6.3 52 3.5 295
SSD36-5 36 320 430 5.0 45 3.7 25 295
SSD48-4 48 420 56.0 4.0 36 3.0 2.0 295

For OEM discounts call:
Sorensen, (603) 668-4500.
676 Island Pond Road,

Manchester, NH 03103.
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Get the
scope you
need-Now!

Our “Instrument Professionals”
will tell you which scope will

do the job best, at the lowest
cost, make immediate delivery
and guarantee performance.

Write or call for data on our other
specialties: Instrument Leasing °

Computer Peripherals * Equipment

Sales « Instrument Service.
Circle 8 on reader service card

C ol s
Continental
Rentals

Div. Continental Leasing Co., Inc.
175 Middlesex Turnpike, Bedford,
MA, 01730 (617) 275-0850

Metuchen, NJ (201) 549-8500;
Gaithersburg, MD (301) 948-4310; TX
(214) 357-1779; Elk Grove, IL (312)
439-4700; Costa Mesa, CA (714)
540-6566; Santa Clara, CA (408)

. 735-8300; Los Angeles, CA (213) 477-7521

News update

M The first major telecommunica-
tions product from National Semi-
conductor Corp. is winning a good
reception. The device is an active-
filter receiver system for a push-
button telephone [Electronics, Oct.
30, 1975, p. 26]. So far, says Mike
Hamper, telecommunications mar-
keting manager, National has re-
ceived 5,000 orders. Encouraged by
its success, National plans to offer
several other telecommunications
products. This month, the Santa
Clara, Calif., firm will start selling
sample quantities of a dial-pulse
generator for less than $20 each.

The unit will enable phone manu-
facturers to offer pushbutton dialing
on a dial-pulse line. Then, by Dec. 1,
National will introduce an under-
$10 tone-generator chip that puts
out a signal when a phone is dialed.

The earliest product, the receiver
system for the push-button phone,
consists of two printed-circuit boards
containing thick-film hybrid inte-
grated circuits for eight-tone filters,
a band-splitting filter, a dial-tone
rejection filter, decode circuitry, and
digital outputs.

M When Tektronix Inc. told the
world about its 4051 graphic com-
puting system [Electronics, Oct. 30,
1975, p. 120], a 65-pound model
that could be programed easily in
Basic, industry sages said that Tek
was headed for a market battle with
IBM’s 5100, a portable computer that
was unveiled about six weeks before
the 4051. But, says Tektronix, the
opposite has been the case. IBM’s
endorsement of a personal computer
easily programable in Basic has
actually benefited Tek’s 4051. In
fact, say officials at the Beaverton,
Ore., headquarters of Tektronix,
they have had to revise sales fore-
casts for the 4051 three times in the
past 10 months because sales
increased so sharply.

The heart of the Tektronix termi-
nal is an M-6800 n-channel micro-
processor from Motorola’s Semicon-
ductor division, and up to 32-k bytes
of random-access memory can be
accessed by the central processing
unit (though 8-k bytes is standard).[]

Whenyou
want a small
package
delivered
fast,it'sin

Delta’s DASH guarantees
delivery on the flight or routing
you specify between all Delta
cities and most cities served by
other airlines through interline
agreements. Packages accepted
up to 50 lbs. with length plus
width plus height not to exceed 90

Call Delta for an expedited
pick-up, or bring your package to
Delta’s passenger counter at
least 30 minutes before scheduled
departure time (or to the air
cargo terminal at the airport 60
minutes before scheduled depar-
ture time). The package can be
picked up at the DASH Claim
Area next to the airport baggage
claim area 30 minutes after
flight arrival at destination. Or
we deliver it at an additional

charge. ADELTA

Rate examples (Tax included)

Atlanta-Washington. .. . .. $21.00
Boston-Miami . . : 26.25
Los Angeles-New Orleans. . 31.50
Dallas/Ft.Worth-

Los Angeles. . ........ 26.25
San Francisco-Atlanta. ... 31.50
Philadelphia-Houston . . .. 26.25
New York-Tampa........ 26.25
Chicago-Orlando . .. ... 26.25
Detroit-Memphis. . ... ... 21.00

For full details, call Delta
reservations.

edited pick-up an'd

xtra charge. Lay

92 toll free an}l-n |
J1ta system. 1 |

1%((‘, call 466-3131.

\ For exXp :
| delivery at€
| 1-800-424-10
| where in the
| Washington, I

Delta is ready
whenyou are.

Circle 203 on reader service card

Electronics /November 11, 1976



Want 4-week
turnaround on

16K ROMs?

1) Our SY2316B's are pinned to replace two
hard-to-get 2708 EPROMs.

2) Our SY4600's and SY2316A’s are pin-for-pin
with existing standard parts, only better.
Read on.

Where you've had to have patience, we come
bearing parts.

The 2708 EPROMs you need can be easily
and inexpensively replaced by our 16K
SY?2316B. Its extra address replaces the
+12 Volt supply! And its 450ns access time Metal mask programming is our secret . .
makes it ideal for the fast new micros like our —Z= Z But don't worry about how we get such
SY6500 family. 7 %; . ) fast turnaround. Let us do it for you.

If you're looking for the 16K 2316A, spec'd at W \ Give a call to your local Synertek rep. Or
850ns, you might consider our ion-implanted _ call Bob Cushman at the factory.

SY2316A, which will go at 550ns. It can . (408) 984-8900. TWX 910-338-0135.

help you improve your system's speed. ‘
And Totally TTL Compatible!

For the past year we've been giving you
MOS parts that can help cut system
costs because they are totally TTL
compatible: P's, static and dynamic

shift registers, RAMs. They don't require a
negative power supply; a +5V supply is all
you need.
And our new 16K ROMs are totally TTL
compatible, too. Boggling.

A : Synertek.
i H J Solutions.
Not problems.

*We can give 2 week turnaround on a limited number of codes
each month. Give us a call
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Buy our
4K static

RAMs and

predict the
future.




You knew we had a full, off-the-
shelf family. (And nobody else did.)
You knew it was fully static,
low power, as fast as 200 nano-
seconds and operated on just 5
volts of power. You even knew
there were two organizations:

Well now you know something

new: the future!

$11.40, now. Under $8.00 in 1977.

Under $6.00 in’78. Under $4.00 in

"79. (100-piece price, commercial

grade, 500 nanoseconds.)

So when your boss says “What

1K x4 (Am9130 family) and 4K x1
(Am9140 family).

price technology?” you say,

s Look:

1978 1979 1980

100-piece price, commercial grade.

Now 1977

And if he says “What technology price?” you say,

Look again:

1K x4 (Am9130 Family) and
4K x 1 (Am9140 Family)
Single + 5 volt
200/250/300/400/500 nsec.
578 mW

ORGANIZATION

POWER SUPPLY
ACCESS TIMES (MAX)
POWER DISSIPATION (MAX)

POWER DISSIPATION (MAX)
Low Power Version

INPUT & OUTPUT LEVELS

367 mW

Fully TTL Compatible (400 mV
—Noise immunity)

TEMPERATURE RANGE

Commercial 0°C1o 70°C
TEMPERATURE RANGE

Military —55°C 10 +125°C
100% MIL-STD-883

PROCESSING YES

Advanced Micro Devices’ 4K static RAM’s:
no memories ever had a future like this.

Advanced MOS/LSI
'

901 Thompson Place, Sunnyvale, California 94086 Telephone (408) 732-2400

Distributed nationally by Hamilton/Avnet, Cramer and Schweber Electronics
and regionally by Arrow, Bell and Century Electronics.
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Editorial

Solar energy: the pace quickens

It is heartening to see that the pace of solar-
cell research is picking up. After all,
photovoltaic cells offer the prospect of direct
conversion of the sun’s radiation into
electricity.

The Energy Research and Development
Administration has given a sizeable boost
to the funds allocated to solar cells, although
other energy programs still receive the lion’s
share of its R&D dollars. But even with a
higher level of funding, which is necessary
for the rapid development of solar-cell
technology, ERDA must exercise caution in
how it allocates its funds.

One of Erda’s goals, certainly, should be
to stimulate competition in an infant industry
so that the price of photovoltaic energy can
be cut by a factor of as much as 50 to make
it competitive with fossil fuels. However, it
must find ways to utilize the experience,
knowledge, and expertise of the small group
of companies that early on invested their
risk capital in solar energy. This is just as
important now as it ever was, even though
they are finally being joined by bigger firms.

The agency’s chief tool is its procurement
power —it can buy both finished cells and
R&D studies. ERDA is purchasing photovoltaic
cells for terrestial applications from the
pioneering solar-cell makers, the companies
that years ago identified this small but
profitable commercial market. They refined
their materials-processing technology, built
production lines, and were selling photovoltaic
arrays in the open market even before ERDA
was established. And they were logically
the first suppliers that ERDA tapped, when
it made two purchases of 176 kilowatts
worth of solar cells for testing and eventual
use at several Government installations,
because they were among the handful of
companies that could deliver them.

12

Now the agency is implementing an
ambitious program that calls for technology
advancements in tasks ranging from more
automated manufacturing processes for
silicon and other materials to more efficient
ways to slice the ingots that are now produced.
Some of the study contracts for assessments
of manufacturing processes went to major
semiconductor manufacturers, including
Motorola, RCA, and Texas Instruments.

The entry of such companies is certainly
welcome because of their long experience
in processing silicon and other materials
used for photovoltaic cells, such as gallium
arsenide. They should be able to contribute
to ERDA’s long-term goals of making solar
cells less expensive and expanding the industry.

Yet, ERDA should realize that there is
the feeling among some of the pioneers that
their own considerable technology is being
overlooked. They feel they can do more
than just produce cells; they can point the
way to more efficient production themselves.
One official at a solar-cell company puts it
this way: “The solar-energy companies have
a lot of technology that should be used more
fully. We were disappointed that a solar-energy
company didn’t get some of that money to
assess manufacturing processes.” Another
says flatly that ““it’s rankling to see people
paid Government money to write reports
about things we already know.” No wonder
some of them are worried that ERDA is
funding the latecomers, who could nudge
the early birds aside after getting up to
speed with ERDA money and very little risk
of their own.

It’s clear, then, that ERDA should have
yet another goal. It should do everything
possible to take advantage of the technology
that has already been developed and of the
expertise that has already been gained.
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DARLINGTON

NPN — HIGH GAIN — 2 AMPERE

Py hge @5V, 200 mA
Vv FE .
GE TYPE Te=25°C .CE(C\’,) N O e COMMENTS
Max. (W)  Min. MIN.  MAX.
D40C1 6.25 30 10,000 60,000 ® Very High Gain- 60k typical;
High input impedance — 50k
: 40,000 —
B4oc2 523 40 : ohm typ; 1.2 watts P @ 25°C
D40C3 6.25 30 90,000 = ambient.
D40C4 6.25 40 10,000 60,000 e Applications: IC Interface
D40C5 6.25 40 40,000 208 audio output, touch switch,
oscillator, buffer, high power
D40C7 6.25 50 10,000 60,000 transistor driver, relay replace-
D40C8 6.25 50 40,000 - ment.
COMPLEMENTARY — 2 AMPERES
GE TYPE i A VicEo hge @5V, 200 mA
e iy Tc=257C Min. (V) _ COMMENTS
NPN PNP Max. (W) ’ MIN.
D40K1 — 10 30 10,000 Typical Applications:
® |C Interface
— D41K1 10 —-30 10,000 ®r DEtat
® Regulator
D40K?2 - 10 50 10,000 * Touch Switch
= D41K?2 10 —50 10,000 ¢ Lamp Driver
® Audio Output
- D41K3 10 —-30 10,000 ® Relay Substitute
® Servo-Amplifier
- D41K4 10 —50 10,000 ® TO0O-202 Package
COMPLEMENTARY — 10 AMPERES
P
GE TYPE 15 hgg @5V, 5 Amps
Te=26°¢ Veeo Bk i COMMENTS
NPN  PNP  Max. (W)  Min. (V) MIN.
D44E1 - 50 40 1000 Typical Applications:
® |C Interface
T D45E1 50 —40 1000 ® Relay and Solenoid Driver
® Regulator
D44E2 — 50 60 1000 ® Inverter Power Supply Switch
= = 1 e Audio Output
D4GEZ S0 50 000 ® Relay Substitute
D44E3 — 50 80 1000 ® QOscillator
® Servo-Amplifier
— D45E3 50 —-80 1000 e TO-220AB Package

We'd like to show you our DARLINGTON POWER TRANSISTORS; for free sample, identify GE type
and write on company letterhead to: General Electric Company, Semiconductor Products Dept.,
Electronics Park, 7-49, Syracuse, New York 13201.

GENERAL &3 ELECTRIC
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5 kV ISOLATION

“DIP!!
Isolators

OPTRON
OPTICALLY COUPLED
ISOLATORS

NEW HIGH ISOLATION VOLTAGE
“DIP’’ SERIES OFFERS
HIGH TRANSFER RATIO

Now, OPTRON provides a 5 kV isola-
tion voltage capability for its standard
six pin plastic dual-in-line isolators. A
new, unique internal design allows
high voltage isolation while still main-
taining a high current transfer ratio.
The 5kV DC or 3750 rms AC feature is
available for all devices in OPTRON's
popular OPI 2100 and OPI 3100
series.

OPTRON'’s extended “DIP” se-
ries includes JEDEC types 4N25
through 4N38A, features complete in-
terchangeability with popular industry
types and provides an inexpensive
coupler for every application. Devices
are available with isolation voltages of
1500, 2500 or 5000 volts with min-
imum current transfer ratios rang-
ing from 2.0 to 500%.

OPTRON’s “DIP"” and
a full line of other isolator
. packages with isolation
voltages to 50 kV provide
the versatility required for
maximum electrical and me-
chanical design flexibility.

\ 1.5 kV isolation with

{! 60% current transfer ratio.
Phototransistor base lead

OP1102 ayajlable. Hermetic TO-5
package.

OPI 110

10 kV isolation and 40% current trans-
fer ratio. 4 usec switching time in low
cost miniature plastic package.

Detailed technical information on
“DIP” and other isolators as well as all
OPTRON optoelectronic products . . .
chips, discrete components, assem-
blies, and PC board arrays ... is
available from your nearest OPTRON
sales representative or the factory
direct.

OPTRON, INC.

1201 Tappan Circle
Carrollton, Texas 75006, us A
TWX-910-860-5958

® 214/242-6571
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Norden’s Ergott confers
military rank on PDP-11

“Do we need another company in the
computer business?”” asks Harold L.
Ergott, the vice president for com-
puter products at United Technolo-
gies Corp.’s Norden division in
Norwalk, Conn. Not unexpectedly,
his answer is yes, ‘“because no one
except us offers the military data-
processing systems with software
that’s available in the commercial
market. And we’ll have a full set of
militarized peripherals to go along
with it too.” Ergott is directing
Norden’s thrust into the military
computer market.

The 45-year-old former manager
of avionics and command control
programs at 1BM Corp.’s Federal
Systems division, like an expectant
father, is awaiting the birth later this
month of his first product—a mili-
tarized, medium-performance ver-
sion of Digital Equipment Corp.’s
PDP-11 minicomputer.

This product is coming nine
months after DEC licensed Norden to
militarize, manufacture, and market
its PDP-11 family. “By and large,
computer companies have been serv-
ing the Federal Government’s needs
with boxes—that is, processor and
memory systems,” asserts Ergott.

Software costs. It’s expensive for
the military to develop and maintain
the software, he points out, and he
hopes to see Norden make its mark
largely by eliminating that expense.
“In time, we’ll be offering all of the
performance features and software
that’s available with the PDP-11
family,” he says. That will be for the
full PDP-11 range—even down to a
militarized version of the LSI-11
single-board microcomputer.

The payoff for Norden could be
handsome indeed. The Army and
Navy have agreed to base their new
family of software-compatible mili-
tary computers for the 1980s with
PDP-11 architecture [Electronics,
Oct. 14, p. 77].

Three PDP-11 systems are under
development now, and Norden, here-
tofore a builder of special-purpose
computers for its traditional radar

Computer plus. The military will get more
than just boxes from Harold Ergott.

and display-systems businesses, will
start a fourth after the first model
completes qualification tests around
mid-1977. The company is relying
on a one-for-one translation from
commercial to military design. Com-
ponents and interconnections are
being changed to meet military spec-
ifications, says Ergott. But basic
features won’t be.

Identical. “We’ll have more than
compatibility with the commercial
machines,” says Ergott. “We’ll have
identicality.” The Norden machines
will not just be able to run on the
PDP-11 software. Rather, “we’ll be
bit-for-bit, and function-for-function
identical,” he says.

And he continues, “It’s gratifying
to see people in the military so high
on the PDP-11 software. The fantas-
tic software base of the PDP-11 will
indeed be a tremendous asset.”

Field service, says Presta,
needs decision-making

“The main difference between a
laboratory and a field-service instru-
ment is that the laboratory variety
makes measurements, while field-
service units must make decisions.”
The speaker is Eugene A. Presta,
president of year-old Presta Digital
Corp., North Bellmore, N.Y. He
formed his company to develop
instruments specifically suited to
field service.

Several weeks ago, he introduced
his first product—a logic probe that
can also measure time intervals
[Electronics, Sept. 30, p. 108]. Such
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REST IN PEACE

The brittle bodied, grease shrouded
warrior is forever gone — replaced by
resilient, efficient Cho-Therm 1661.

This new grease-free, thin and
flexible thermal interface material
proved too easy to apply and carried
BTU’s too well.

Hail & Farewell BeO.

Copies of the eulogy (our 1661 specs)
are available on request!

CHOMERICSE

77 Dragon Court
Woburn, Ma. 01801
(617) 935-4850
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a probe is probably the simplest type
of decision-making instrument —the
one or zero is equivalent to a yes or
no. But Presta has his eye on other
decision makers as well.

Very few. According to Presta’s
definition, only a very few true field-
service instruments exist today.
Lacking them, most companies wind
up swapping boards instead of
replacing bad components. The cost
of this practice, he points out, is
enormous. He estimates that the
typical float of digital logic boards
between customers and the repair
shop is about 20% of a manufac-
turer’s production. And at an aver-
age price of $500 per loaded, tested
board, that float requires a lot of
money to be tied up because of inef-
ficient test instrumentation.

Having been a designer of elec-
tronic control systems for 15 years,
the Brooklyn-born, 40-year-old Pres-
ta is well qualified to know the needs
of field-service organizations. For
about two years before founding his
company, he worked for the Elec-
tronics division of Kurz-Kasch Inc.,
Dayton, whose main product was
logic probes, one of the few instru-
ments that meets his definition of a
true field-service instrument.

In aiming exclusively at the field-
service application, Presta believes
he avoids head-on competition with
the giants of electronic instrumenta-
tion. He hopes to sell mainly to
training departments and service
departments, rather than to engi-
neering groups. His main business
and selling strategy is to “‘attack the
float.” He points out, “No one wants
to swap a $1,500 board for the sake
of a 20-cent chip.”

Wait and see. As for the future, he
is waiting for customer feedback on
his first product before making his
next move.

Meantime, he has not only built
his probe with lots of optional plugs-
ins—for the timer function and for
different time bases, as well as for
the different logic families field-
service technicians may have to deal
with—but expects to develop new
plug-ins as well. “Tektronix,” he
observes with a smile, “had a good
idea there.”
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for consistent
quality,
count on

T RN AN e

reliability

For unequaled versatility, durability
and readability you can rely on LXD.
The most experienced engineering
. and manufacturing staff in the busi-
ness, plus rigid quality control stand-
ards, insures bright responsive read-
outs for the entire 50,000 hours of
always-on life built into every LXD dis-

play.
LXD for your LCDs.

D@
P f4 P §
Liquid Xlal Displays:

SUBSIDIARY OF DICKEY-john CORPORATION

24500 HIGHPOINT ROAD ¢ CLEVELAND,OHI0 44122
TELEPHONE: 216/831-8100
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Price

educed \ \\jo've always had unique features and

.\%5 better specs than our competition...
“x!h now, in addition, OUR price is LOWER!

Save your skilled engineers for more important work
with mi Model 2370 Spectrum Analyzer. Simplify com-
plicated measurements such as response, level, gain,
signal purity, modulation and many more. Forget every-
thing you have heard about spectrum analyzers. mi
Model 2370 is unique. It employs advanced technology
to make it as easy to operate as a multimeter. The facts
speak for themselves.

@ Flicker-free high brightness TV display (No more stor-
age tubes to replace)

@ Electronic graticule can pin point position of wave-
form display for rapid analysis and measurement.

® Choice of vertical scales: linear, 10dB/div for 100dB
display, and 1dB/div for 0.1dB resolving power.

@ Counter automatically displays center frequency, iden-
tifies the frequency corresponding to the manually

adjusted ‘bright line cursor’, or the difference fre-
quency between the two. All to an accuracy of 2Hz.

@ Integral synchronous signal source for measuring net-
works, filters, amplifiers, etc.

@ For comparative measurements, memory storage can
retain one display indefinitely, for simultaneous dis-
play with waveform from items under test.

o Automatic adjustment of amplifier gain to optimize
noise performance .

@ Automatic selection of optimum sweep speed.

@ With the 5Hz filter, signals 100Hz from a response at
0dB can be measured to better than —70dB.

Such speed and accuracy must be seen to be believed,
call us for an enlightening demonstration.

e MARCONI

mi
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100 STONEHURST COURT, NORTHVALE, NEW JERSEY 07647 ® TELEPHONE: 201/767-7250 ® TWX: 710-8991-9752
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Meetings

Electronica 76— 7th International
Trade Fair for Components and
Production Facilities, Munich Fair
Authority, Munich, West Germany,
Nov. 25—=Dec. 1. .

Eighth Annual Precise Time and
Time Interval Applications and Plan-
ning Meeting, Naval Electronic Sys-
tems Command, NASA Goddard
Space Flight Center et al., Naval
Research Laboratory, Washington,
D. C., Nov. 30— Dec. 2.

Forum on Computer Technology,
American Society of Mechanical
Engineers, Statler Hilton Hotel,
New York, Dec. 5—10.

Chicago Fall Conference on Consum-
er Electronics, IEEE, Ramada Inn-
O’Hare, Des Plaines, Ill., Dec.
6—17.

1976 International Electron Devices
Meeting, 1EEE, Washington Hilton
Hotel, Washington, D.C., Dec.
6—8.

Bicentennial Winter Simulation Con-
ference, IEEE, NBS,, et al., National
Bureau of Standards, Gaithersburg,
Md., Dec. 6 —8.

1976 National Plastics Exposition
and Conference, Society of the Plas-
tics Industry, Inc. (New York),
McCormick Place, Chicago, Dec.
6—10.

Distributed Data Processing Confer-
ence, American Institute of Indus-
trial Engineers (Santa Monica, Cal-
if.), Ramada Inn-O’Hare, Des
Plaines, Ill., Dec. 7—10.

Solar Cooling and Heating: A Na-
tional Forum, Energy Research and
Development Administration, Fon-
tainebleau Hotel, Miami Beach,
Fla., Dec. 13—-15.

1977 Winter Consumer Electronics
Show, EiA, Conrad Hilton Hotel,
Chicago, Jan. 13—16, 1977.

Reliability and Maintainability Con-

ference, IEEE, Marriott Hotel, Phila-
delphia, Jan. 18 —20, 1977.
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n-circuit emulatign
product can dowhile

The dream of design engineers is to
develop, debug, and integrate hardware and
software in their actual product environ-
ment —from day one. Thereby dramatically
shortening the development time —and
development cost—of their microcomputer-
based products.

The Intellec® microcomputer develop-
ment system makes the dream a reality.
Because the Intellec system has everything
you need to design microprocessor based
products using Intel® 8080, Series 3000
and future Intel microprocessors.

You reverse the traditional product
development flow which postpones hard-
ware/software integration until late in the
development cycle. Move from concept
through design, system integration and
debugging to production in a fraction of
the time normally required.

With ICE-80 and ICE-30 Intellec’s in-
circuit emulation modules, you exercise
your complete hardware/software proto-
type under control of high level diagnostic
software. ICE-80 plugs into the 8080 socket
in your prototype system and runs it in
real time. Under Intellec system control,
you single-step your system program, using
Intellec's memory and 1/O as though they
were part of the prototype system. Power-
ful debug functions are extended into your
system and you can examine or modify
your system memory or Intellec memory
using symbolic references instead of
machine addresses.
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lets you see what your
its still on the bench.

The Intellec system includes its own
8080 processor, memory, and a full range
of peripherals designed to ease your de-
vefz)pment task. These include diskette
operating system, CRT/keyboard, line
printer, universal PROM programmer,

1 o | | high speed papertape reader, the in-circuit
TR el q /8 emulation modules, (ICE-80 and ICE-30)

‘ L ¥ and interfaces for teletypewriter and high

speed tape punch.

Under Intellec software you assemble,
edit, execute and debug programs quickly.
The diskette-based operating system, ISIS,
performs all your program and file manage-
ment tasks automatically. A wide range of
system commands gives you complete con-

L trol of your prototype, including the ability
ol to set multiple hardware and software break
point conditions.

The Intellec system provides the con-
venience of a complete in-house develop-
ment system, backed with the quality sup-
port, service, training, and documentation
you expect from the company that is the
leader in microprocessor systems develop-
ment. And the Intellec system is available
for immediate delivery.

If you've always wanted to see how your
product works while it's still on the bench,
experience an Intellec system for yourself.
For a demonstration or for technical in-
formation use the reader service card or
B write: Intel Corporation, 3065 Bowers

il Avenue, Santa Clara, California 95051.
] ®
SCHANGE DOUBLE REGISTER SP=13FFH |
SBASE HEX
SEQUATE STOP=1
$G0 FROM START
EMULATION BEGUN
B=01H C=41H D=00H E=00H H=00H L=00H F=S6H A
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Orc weapons
l}‘:)[f'ﬁ ¢ Battle

of the 8Os

Now a multiple attack against outmoded,
large and bulky microcomputers.

This multiple attack features a stand
alone Microcomputer Board, Zilog'’s
mighty MCB, that has the capa-
bility to communicate with
both serial and parallel
1/0O devices, has its

own RAM and

ROM capability and is
backed up by a second
board containing a disk
controller and additional
memory allowing the use of
Zilog's complete disk operating
system and applications’ software.

. “TEIE CHOICE OF

‘7\ WEAPONSIS )
\ - YOURS. -
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nnouncing

_ the 7Z80-MCB-
— An assault

against big board

computers.

A single 5-volt power supply does
it. And it's small—only 7.7 x 7.5
inches with a standard 122 pin

edge connector with 100 mil spac-
ing that is designed for ease of use.

squad of fighters
__against obsolete
-~ hardware.

Here's what Zilog's new weapon
gives you:

e Z80-CPU single-chip n-channel
processor with 158 instructions.

e 19.6608MHz crystal oscillator
divided to 2.457MHz for Z80-CPU
operation and dividable by Z80-
CTC to provide any other desired
system frequencies.

e 4K bytes dynamic RAM.

e Capacity for 4K bytes on non-
volatile memory.

e Programmable serial |/O port with
RS-232 or current loop interface.

e Universal parallel I/0 with two
independent 8 bit ports.

e Z80-CTC for programmable baud
rate generation or other user
functions such as real time clock.

e Bus drivers are provided for
memory and |/O expansion to
other boards.

e One-half K-byte monitor software
has terminal handler, load and
punch routines as well as set and
display memory commands. A
GoTo command begins execution
of user programs. The 1K-byte
version adds more debug aids
such as set and display registers
and breakpoints. The 2K and
4K-byte versions include a floppy
disk controller and even more
debug capability.

/% second board
2\ _ givesyou
<’ the advantage.

A second board gives you a
4-drive floppy disk controller and
additional RAM backed up by a full
disk operating system. Plus, you
get the applications software you
need: file, edit, assemble, debug,
and high level languages such as
BASIC, and more will be announced
soon. This second board contains
12K of dynamic memory and addi-
tional 8 bit programmable parallel
1/O ports.

Both cards are easily inter-
faced in a simple, low-cost card
cage.

‘e Mighty Weapon:
+ Zilog’s
780~OF.M System.

Start out with a strong front and
get performance unmatched by any
other microcomputer system in
the field.

You get:
e 780-MCB Microcomputer Board

e Z80-MDC Disk Controller/Mem-
ory Board with disk controller
capability for up to 4 floppy disk
drives.

e Z80-RMB 16K-byte RAM Board
with memory expandable to 64K
bytes in 16K-byte increments.

e Z80-SCC Standard Card Cage
holds up to 9 P.C. cards.

e Z80-MCS Microcomputer System
includes a standard card cage, up
to 2 floppy disks, power supplies
and a push button front panel.

versatility

of attack:

) you can
buy only as much
as you need.

We provide a modular ap-
proach to complete computing and
processing systems. Zilog products
are available as a basic CPU card,
a card set or a complete self-con-
tained computer with floppy disks
and power supplies in one unit.

Behind all this is Zilog's pledge
to stay a generation ahead. We're
the specialists who are responsible
for the development of the most
successful first and second gener-
ation microprocessors. And we're
hard at work on the next step—an
advance that will keep us out in
front in The Battle of the 80'’s.

Appropriate assistance will be
dispatched upon your written re-
quest or telephone call.

—a

Zilog
10460 Bubb Road, Cupertino, California 95014

(408) 446-4666/TWX 910-338-7621

In Europe: Zilog, Inc., Nicholson House,
High Street, Maidenhead, Berkshire, U K.
TEL 0628 36131/2/3/TLX 848-609
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Interested in network variety?
Select from a spectrum of 347 standards.

Allen-Bradley has the popular configurations you need. Pull-ups, Pull-downs. Line
Terminators. Networks to complement Core Memory Sense Amplifiers. TTL to
ECL Translators. O-Pad Attenuators. All styles available from your Allen-Bradley
Electronic Distributor. Call for specs or check your EEM Catalog. If you
need specials, contact your local Allen-Bradley district office for fast
turn-around. Ask for Publication 5840. A-B is an experienced twin-
film manufacturer, i.e. precision thin film and thick film.

o Tt S,
a\lge. Bedlp e

...room for more
resistors, higher
power ratings, larger
resistance values.

"/, b e v 1
(e IV IPL L U

as a special feature.

P y
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; Yot 21l S 20T A
2 2997/ S Ao A
T /AT A

i e £ 7 i i ction.
for mechanical stability. el Aeaa

aids orientatioh and indicates
number of pins. Blue-14 pin;
green-16 pin.

ALLEN-BRADLEY

Electronics Division EC111
Milwaukee, Wisconsin 53204
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Tl, Motorola join
Intel in battle
for 2708 market

National prepares
fast 18-pin
4-k memories

Visually activated
switch tested
by Air Force

Capacitor push
mapped by Ti

Motorola to market
add-on memory

Electronics/November 11, 1976

Intel is about to face formidable competition in a $30 million market that
it practically owns: the 8,192-bit ultraviolet-erasable programable rROM.
The Intel device is one of the hottest items in the industry because it is a
key prototyping element in microcomputer systems, as well as a program
ROM on a single-chip controller.

The competition will be coming from Texas Instruments, Motorola,
and Advanced Micro Devices, which will introduce this part in the first
quarter. Among others working on the difficult Famos process needed to
build the device are National Semiconductor, Mostek, Electronic Arrays,
Signetics, and American Microsystems Inc.

While the rest of the industry is adopting Mostek Corp.’s 16-pin 4027 for
the market in high-speed (better than 200 nanoseconds) 4,096-bit dynamic
memories (see p. 30), National Semiconductor Corp. is staying with fast
versions of its 18- and 22-pin devices. Scheduled for the second quarter are
parts that will have access times in the 100-to-125-ns range, with cycle
times of only 220 ns, according to Jeff Kalb, National’s director of
memory development. Kalb sees the market growing for high-speed 4-k
devices as the 16,384-bit memories begin to appear in volume for the
slower applications. He says that this high-speed process is potentially
capable of 80-ns operation as well as considerable reduction in die size.

The Air Force Systems Command’s Aerospace Medical division is testing
a visually activated switch system as a way of simplifying control-system
switching for fighter pilots in single-seat aircraft such as the F-16.
Developed for Wright-Patterson Air Force Base by United Technologies
Corp.’s Norden division in Norwalk, Conn., the system permits the pilot to
activate cockpit panel switches by directing a head-mounted infrared-light
source onto cockpit-mounted switch sensors.

Watch for Texas Instruments to get into the capacitor business with a line
of axial-lead devices, aimed at high-volume sales and rated at 10 to 1,000
picofarads with tolerances ranging from 1% to 20%. The Dallas firm has
been quietly shipping the nitride-passivated Mos chip capacitors for four
months, but it’s now putting them in its standard diode package, a
hermetically sealed glass cylinder with copper-clad iron leads that lends
itself to automatic insertion. Nickel-iron plugs at the ends of the leads
make a pressure contact with both sides of the capacitor chip.

T1 is using three chip sizes, from 14 to 45 mils on a side, to cover the
capacitance range. Prices will be from 5 cents to 15 cents each in
production lots of devices with 5% tolerances.

Departing from a tradition of avoiding systems business competition with
its customers, Motorola Semiconductor Products Group plans to compete
in the memory-systems market. The first product, a 32-kilobyte RAM
board made up of Motorola’s 6605A-2 4-k rRAMs, plus peripherals and
connectors, is a direct plug-in add-on to Digital Equipment Corp.’s

PDP-11 intended to extend the system to 48 kilobytes. The board costs
$1,200 in quantities of five to 24. Although Motorola plans other memory
systems for the microcomputer and minicomputer market, it has no
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M7 loses $223,000
contracts for
solar arrays

Thick-film hybrids
used in Army’s
Stinger missile

Tl readies
new bipolar
LSI logic

Addenda

Electronics newsletter

immediate plans to compete head on with Intel, National, and Advanced
Memory Systems in the main 1BM add-on market.

The Jet Propulsion Laboratory has terminated two solar-panel contracts
worth $223,000 awarded to M7 International Inc. in its program to
develop low-cost silicon solar arrays (see p. 91). JpL sources in Pasadena,
Calif., calling the move “obviously a touchy and sensitive issue,” confirm
that the contract was terminated, although yield problems appeared to be
on the way to solution. Enough uncertainty remained that project officials
judged it “risky and expensive to proceed.”

M7 admits to early yield problems on its $84,000 contract for 3-
kilowatt arrays, awarded in January, “but I thought they had been
solved,” says Ronald W. Ignatius, president of the Arlington Heights, IIL.,
firm. “We were told that the cost-plus-fixed-fee R&D contract would be
terminated because it would raise the per-watt cost above JPL’s program
goals.” The firm’s second award—$139,000 for 5-kw arrays—was also
terminated ‘“ ‘for the convenience of the laboratory’ and before we were
allowed to perform on it,” he says.

The Army’s Picatinny Arsenal in Dover, N.J., is making extensive use of
thick-film hybrid technology in developing the warhead for the Stinger, a
new portable, forward-area air-defense missile. Now in its final develop-
ment stages, the missile features a new propulsion system, a new guidance
system with infrared counter-countermeasures, a new fuze, and an identifi-
cation-friend-or-foe interrogator.

After two years of intense development, Texas Instruments Inc. is about to
spring afresh into the digital market with a new bipolar large-scale
integrated family—a market it now dominates with its small-scale and
medium-scale integrated 54/74 series. This new family of microcomputer
components has at its heart two versions of a 4-bit microcomputer slice.
They are the SN54/74S481, which has a microinstruction cycle time of
100 nanoseconds for the maximum program throughput, including imple-
mentation of macroinstructions, and an upgraded SBP 0400 4-bit inte-
grated-injection-logic slice that has a wide range of speed/power tradeoff
and full military-temperature performance. Both 4-bit slices are in proto-
type production. Other Schottky members of the family, including
program memory, control elements, and microcontrol memories, either are
in production or soon will be.

Superior Electric Co. of Bristol, Conn., is dropping its line of numerical-
control equipment for the machine-tool industry. NC accounted for 21% of
Superior’s $25 million in sales for 1975, and 16% so far this year. The
company says it’s dropping the line because of competitive price pressure
and a changing market. . . . The Air Force Electronic Systems division
has requested proposals for the design-verification portion of its Joint
Surveillance System. Two parallel 15-month contracts will be awarded
next summer. The system will link radars operated by the Air Force, the
FAA, and Canada to assure air sovereignty of the two nations. The entire
program is expected to cost $250 million.
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With a line of minis and micros like ours,
we don't have topush any one of them.

With other companies, you might set out to buy a micro-
processor chip and end up with the whole chassis. Or get a
box when all you need is a board.

But Data General doesn’t work that way. We don’t have
to push you into buying something you weren't really looking
for. Because we can let you choose from microprocessor chip
sets, microcomputer boards, completely packaged MOS
minis and full-blown NOVA 3 systems. All four are compatible.

And they give you a range of performance with a range of prices.

So, if you're a component user, there are both high-per-
formance microNOVA chip sets and microcomputer boards
that feature Data General’s mN601 microprocessor. The
mN601 is a full 16-bit NOVA-on-a-chip. And the microcom-
puter is a full 4K-word computer-on-a-board. You package
them yourself, for greatest economy. ( Speaking of economy,
the board costs only $589 in OEM quantities of 100.)

And if you're not ready for components yet, there’s our
fully-packaged microNOVA MOS minicomputer. It’s available
with up to 32K words of MOS memory and peripherals like

our diskette subsystem. And it’s supported by our Real-Time
Operating System and diskette-based Disc Operating System.
You can get our mini with 4K words of MOS memory for
only $1995. Or as a complete development system with the
diskette.

If you need bigger systems capabilities, take a look at
our NOVA 3 computer. It's compatible with our microNOVA
family. And it runs with high-performance peripherals,sophis-
ticated software like Real-Time Disc Operating System, high-
level languages like FORTRAN 5 and BASIC, and memory
expansion to a full 128K words.

We've got it all. But we won't try to sell it all. Unless it’s
what you really need. If you don’t believe that line, call us.
Dial 800-225-9497 (in Massachusetts, 1-617-485-9100, ex-
tension 2509 ) and ask for information on microNOVA and
on the free half-day microNOVA seminars that happen this
fall all over the country.

Or write for our microNOVA and NOVA 3 brochures.
And see for yourself.

DataGeneral

Data General, Route 9, Southboro, Mass. 01772 (617) 485-9100. Data General (Canada) Ltd., Ontario.
Data General Europe, 15 Rue Le Sueur, Paris 75116, France. Data General Australia, Melbourne (03) 82-1361
NOVA is a registered trademark of Data General Corp.
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TheUnitrode approach

to power Darlingtons
in plastic.

TO-2025 up to10A.

Introducing classic Unitrode quality and
reliability in a brand-new line of inexpensive
power Darlingtons in TO-202 plastic pack-
ages. These new fast switching Darlingtons
are available in ranges from 3 to 10 amps and
60 to 300 volts.

And the 5 amp, 300 volt package is the
only high voltage, high current, fast switching
plastic Darlington now on the market.

|
@ UNITRODE

28 Circle 28 on reader service card

Thefirst 3A inaTO-92.

We've also come out with the industry’s first
3 amp, 100 volt power Darlington in a TO-92
plastic package. So for applications where
you don’t need a high power package, you no
longer have to pay forit. The 3A TO-92 is
less than 40¢ in volume and can be used with
automatic insertion equipment.

Unitrode’s new line of plastic power
Darlingtons. Never before has so much per-
formance been offered for so little money.
The perfect answer for computer peripheral,
POS, and industrial control applications.

For complete details, contact:

Unitrode Corporation,
580 Pleasant St.,
Q,;J»»::?fg , /’
g;‘,f‘f e

Watertown, MA 02172,
617-926-0404.
ax;:j//
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Electronics review

Hand-held terminal
to give field troops
access to data nets

Litton unit transmits,

over military voice links,

data keyed in via see-through
overlay on LED display

Headed for military evaluation is a
hand-held data terminal that will
give forward outposts “‘punch-up”
access to command-network comput-
ers. While the 4-pound terminal
from Litton Industries Inc. rep-
resents an innovation for the soldier
in the field, it also uses innovative
electronics.

It does its work, for example,
without a conventional keyboard.
Instead, it relies on a transparent
switch plate that overlays a light-
emitting-diode display. And the dis-
play, a good-sized area of 3 by 4V:
inches, allows the operator to com-
pose messages simply by touching
displayed letters and numbers
through the transparent plate. Pro-
gramed function “keys” can also be
called up through the display, their
titles touched in a “menu” list. And,
the diodes will display graphics such
as maps, as well as information
transmitted to the terminal from
command centers.

Basic module. “Seven years of
homework and bits and pieces of lots
of things” led to the interactive
display terminal, says Tom
O’Donnell, marketing manager at
Litton’s Data Systems division in
Van Nuys, Calif. The display por-
tion is built from a basic building
block of a LED module with a display
measuring 1'/2 by 3 inches. Three of
the LED modules go to make up the
terminal, which is 8.6 by 6.1 inches

Electronics /November 11, 1976
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Clear view. Message keyed into interactive display terminal via transparent switch over
light-emitting diodes (left) is reviewed for accuracy before being transmitted.

in area and 1.6 in. thick.

Under a $350,000 contract, Litton
is building three evaluation units to
be delivered in March to the U.S.
Marine Corps and, separately, two
others for the West German Army.
O’Donnell looks forward to a big
market for the device. The Army, for
instance, is interested in a portable
terminal for its Tacfire battlefield
tactical data system for which Litton
is the prime contractor.

The display surface of the Litton
device has a resolution of 33 lines
per inch, according to Ron Harris,
the engineering project manager.
Each module has 4,698 diodes, on a
basic 5-by-7 matrix, with the three
together permitting a total of 288
characters.

While the transparent ‘“‘mem-
brane” switch is not new, it has not

been employed over a display before,
say Litton developers of the termi-
nal. The switch is a three-layer sand-
wich with almost invisible copper
wires 3 to 5 mils thick attached to
outer plastic layers. Contact, from
slight pressure, causes the wires to
touch through holes in a plastic
insulating layer. With 54 separate
switch positions controlled by a
microprocessor in a time-shared
mode, the terminal allows any num-
ber of functions to be keyed in,
Litton explains.

C-MOS processor. Inside the termi-
nal are the microprocessor, a ran-
dom-access memory, a digital-data
modem, a power supply, and three
D-size military lithium batteries.
There is also a backup ‘“keep-alive”
battery that keeps data in memory if
the main batteries fail. Lit-
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ton had to build a Cc-MOS proces-
sor because nothing with the low-
power requirements was commer-
cially available when design began.
However, Harris says the rRca Corp.
1802 Cosmac microprocessor may
be used in production.

The terminal has 20,000 bytes of
RAM in five 4,096-by-8-bit hybrid
packages of 1,024-bit chips. The
model supplies a modulated signal
that is frequency-shift-keyed onto
the carrier of standard voice radio
transmitters. Data rate is 600 to
1,200 bits per second.

So far, a single set of three
batteries has run up to 44 hours,
handling more than 1,000 messages,
Harris notes.

While Litton put its own research
and development funds into the LED
modules, the big impetus came from
an award to build a 4-foot-square
interactive computer presentation
panel for the Army. Litton has a
$2.5 million award for this three-
color panel, which is made up of 392
edge-stackable, plug-in LED modules.
It is in a run-off competition with
Control Data Corp.’s plasma display
approach [Electronics, June 10,
p-25]-

Litton claims anyone can operate
its terminal with only a few minutes
training. “What the terminal does is
allow the operator to think about
communications, and not the de-
vice,” says one developer. O

Solid state

Motorola, Fairchild technology exchange
strengthens Intel’s microprocessor rivals

As the dust settles from the double-
barreled blast of second-sourcing
and technology exchange between
Motorola and Fairchild, it seems
clear the cooperation of these indus-
try giants will have great impact on
the semiconductor industry.

The agreement, announced in two
phases a week apart late last month,
calls for Fairchild Camera and
Instrument Corp., Mountain View,
Calif., to build Motorola’s 6800
microprocessor family, as well as the
MC10800 emitter-coupled-logic 4-
bit slice and the 8,192-bit erasable
read-only memory. In exchange,
Motorola Semiconductor Products
Group, Phoenix, gets manufacturing
rights to Fairchild’s family of low-
power Schottky TTL logic, the F-8
single-chip microprocessor, and the
new 16,384-bit and 65,536-bit
charge-coupled-device memories.

What appears to be happening is a
double- and triple-teaming effort
against Intel Corp., the micropro-
cessor sales leader. Zilog Inc., and
second-source Mostek Corp., are
going after the high end of the 8-bit
market with the Z-80, while Amer-
ican Microsystems Inc., Motorola,
and Fairchild take on Intel in the
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middle. At the low end, Mostek,
Fairchild and Motorola have the F-8
in the $7-to-$12 one-chip range,
while AMI, Fairchild and Motorola
will offer the 6802 two-chip device at
the $15 level.

Intel’s Microcomputer division
general manager and vice president,
William Davidow, declines to com-
ment about how the Santa Clara,
Calif., firm will react in the future.

Different. The top man at Motoro-
la Semiconductor, group executive
John R. Welty, calls the cooperation
a “new kind of second-source agree-
ment. We will provide masks and
process information to Fairchild and
assure compatibility. I am aware of
no 8080 second-source [agree-
ment] where Intel makes sure of
compatibility.”

He says the announcement will
“help with customers sitting on the
fence,” looking at both the 6800 and
8080 but worried about dependable
6800 backup. He regards the ex-
change as even, since “there are
three products involved on both
sides.”

Welty says that Fairchild’s TTL is
the “key element” in the technology
Motorola will get. “It’s no secret

that for the past five years, Motorola
has not been a vigorous competitor
in bipolar ics. This means we’ll step
up our efforts in that marketplace,”
he says. And he notes his company
will not keep working on anything
that duplicates products already
introduced by Fairchild.

Fairchild’s choice. On the Fair-
child side, Van Lewing, microproces-
sor-marketing manager, says the
agreement also includes the two-chip
6802 microcomputer still under de-
velopment at Motorola. Before
choosing the 6800 for entry into the
general-purpose microcomputer
market, Fairchild considered al-
ternatives that included Intel’s 8080,
Zilog’s high-performance Z-80 and
Signetics Corp.’s 2650.

“But if we had gone that [8080]
route, we would have been just
another company, another almost
identical second source,” Lewing
explains. “If we are going to be in
the same marketplace, we thought
we’d better be there with something
as good or better.”

Industry insiders speculate the
6800 now has about 20% to 25% of
the 8-bit market, up from 10% to
15% a year ago. If the new align-
ment goes according to plan, they
say, within a year, the 8080 and
6800 will each have 45% of the
market, the Z-80 will have 5%, and
all other machines 5%.

The sole previous second source
for the 6800, AMI, welcomes Fair-
child’s entry, says John Richardson,
vice president of sales. “We’ll have
to hustle to remain competitive, but
that is offset by the number of new
markets that will be opened up for
an 8-bit machine truly second-
sourced by three companies.” O

Industry moves to
Mostek RAMs

To the surprise of the semiconductor
industry, Mostek Corp. has suddenly
become the technology leader in
dynamic metal-oxide-semiconductor
random-access memories. Although
Intel Corp. and Texas Instruments
Inc. entered the market first with
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Speed leader. Mostek’s 16-k MOS RAM,
with access time of 150 ns, looks good to
the users who’ve seen and tested it.

samples of their 16,384-bit RAM
[Electronics, Jan. 8, p.27], the
recently introduced Mostek 16-k
MK 4116-2 part, which has an
access time of 150 nanoseconds, has
impressed memory users and manu-
facturers alike. The RAM is much
faster than Intel and TiI production
devices.

What’s more, Mostek has caught
the industry off guard in the 4,096-
bit RAM market as well. The Carroll-
ton, Texas, firm’s 150-ns MK 4027,
now in volume production, has found
such strong acceptance that every
major 4-k memory supplier but one
is rushing into production with high-
speed 16-pin 4-k parts of its own.
The exception is National Semicon-
ductor Corp., which will introduce
100-to-150-ns versions of its 18-pin
devices [see p. 25].

Remarkable. Dick Foss, president
of memory-consultant Mosaid Inc.,
Ottawa, Ont., points out: “The 4027
is a remarkable part—the first 4-k
RAM ever to be exactly copied
throughout the industry. With the
16-k device, it has squarely cata-
pulted Mostek into a leadership posi-
tion in the RAM business.” Mosaid is
helping several manufacturers copy
the part.

Typical of user enthusiasm for
Mostek’s new RAMs is the comment
by James Sheehan, manager of tech-
nology engineering at Prime Com-
puter Inc., Framingham, Mass.:
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“While Intel is the strongest 16-k
supplier in terms of volume, the 150-
ns speed of the Mostek part is just
plain super.” Robert Frankenberg,
product manager of 21MX and 2100
minicomputer lines at Hewlett Pack-
ard Co.’s Data System’s division,
Palo Alto, Calif., says that prelimi-
nary lab tests show “the parts are all
that Mostek says they are. But
whether they’ll stand up under rigor-
ous testing is another matter.”

At Digital Equipment Corp.’s
facility in Maynard, Mass., Michael
Gutman, product and engineering
manager for MOS and core memo-
ries, says that, although the big
minicomputer maker has not yet
asked for the 150-ns Mostek part,
the 200-ns MK 4116 is “clearly the
fastest and lowest-powered part
we've seen among 16-k units. I
wouldn’t be surprised to see the
semiconductor industry model itself
on the Mostek part.”

Clearly, the 150-ns, 4-k and 16-k
Mostek parts are already stimulating
serious rethinking of speed specifica-
tions. TI, for example, is continuing
to supply its single-level TMS 4070,
which has a best-case access time of
250 ns, but is designing two-level
parts, aimed at 200-ns speeds and
faster. The parts will conform to the
Mostek timing, which has no restric-
tions on the overlap timing for row-
and column-address selection.

Moreover, in a surprise move, TI
decided to enter the fast 4-k market
with a copy of the 16-pin Mostek
4027. Ed Huber, MOs marketing
manager, says TI's 4027, to be
offered as samples in next year’s
second quarter, will match Mostek’s
speed. Huber predicts that the mar-
ket for fast 4-k dynamic RAMs (200
ns and under) will quickly reach
about 30% of the 4-k total, with a
third of them 150-ns devices. T1 will
supply a range of 4027s rated from
150 to 250 ns, and it has no plans to
redesign its 18-pin or 22-pin parts.

Iterations. At Intel, David House,
memory-applications manager,
stresses that, although design itera-
tions are always underway, “We are
not in a major redesign of our 16-k
RAM.” The company, which leads in
16-k shipments, is committed to
latched parts with 64/128-cycle re-
fresh. Intel, T1, and Mostek will ship
about 50,000 16-k devices this year,
and the total should reach 2 million
next year.

Perhaps in response to Mostek’s
higher speeds in its unlatched 16-k
part, Intel is specifying its latched
part over a wider speed range—to a
distribution of 200, 250, or 300-ns.
“And, obviously we are looking at
ways to tweak down to 150 ns,”
House says. In 4-k, Intel is in
production with a 200-ns 16-pin part
and is considering a 150-ns device. []

Military

RCA charge-coupled-device recon camera
send to pictures to ground in real time

The Air Force is moving closer to
reconnaissance cameras that beam
their pictures back to the ground for
instantaneous development. And it
looks as if the cameras will be built
around charge-coupled devices.

The need for real-time tactical
photo-reconnaissance became appar-
ent during combat in Southeast
Asia, and the Avionics Laboratory
at Wright-Patterson Air Force Base,
Ohio, took steps to fulfill the need.
The lab’s latest move is a recent $1.1
million contract to RCcA Corp.’s

Automated Systems division, Bur-
lington, Mass., for a solid-state wide-
angle camera system that produces a
photograph on the ground almost
immediately after a scene has been
captured by ccD arrays in the
airborne sensor.

Flight test. James Rachal, project
engineer for the program at the
Avionics Laboratory, says RCA is to
deliver hardware for flight testing in
January 1978 —about a year after
the cal division of Bourns Inc. is to
deliver an electronic wide-angle
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camera system it, too, is developing
with cCb arrays. CAl received its
contract in 1973. RCA’s camera will
use a stationary “push-broom” tech-
nique to gather image strips along
the aircraft’s flight path, while the
CcAl approach pans perpendicularly
to the plane’s track, delivering a
“bow-tie”” swath [Electronics, Aug.
22, 1974, p. 30].

Five lenses. According to Gardner
T. Burton, manager of electro-
optical system design engineering in
the RcA division, a chief objective is
to make the airborne package as
simple as possible. It contains five
lenses roughly equivalent to 35-milli-
meter gear, each focusing images
onto its own 1,728-element linear
ccp array, a CCD-121 from Fair-
child Camera and Instrument Corp.,
Mountain View, Calif. The sensor-
head electronics also includes a drive
and synchronization mechanism for
scanning the sensors about 1,000
times per second, plus minimal
video-processing hardware.

The sensor head will measure 11
by 15 by 8 inches and weigh no more
than 35 pounds. A magnetic-tape
recorder will be added to it for non-
real-time transmission, and the Air
Force will furnish a data link to send
the analog video signals to the
ground. There, a laser-beam record-
er and dry, thermal processing on a
silver-halide film will put a film strip
into a photo-interpreter’s hands less

than 15 seconds after the ccps
capture the image.

The sensor head is designed to
cover a 140° field of view. This
corresponds to a 5,500-foot-wide
path on the ground when the aircraft
is flying at 1,000 ft. Because only
one of the five lenses is aimed
straight down, the geometrical dis-
tortion introduced by the oblique
angles of the other four must be
removed during ground processing.

Burton says this will be done in a
digital time-base processor and digi-
tal buffer that follow the data-link
receiver and analog-to-digital con-
verter. The five sensor heads are
scanned at a rate of 10.5 megasam-
ples per second, which requires a
minimum video bandwidth of 5.25
megahertz. “After the a-d conver-
sion, the data goes into the first-in,
first-out buffer,” he says. “It goes in
at a uniform rate, and we’re taking it
out at a variable rate controlled by
the digital time-base processor.”

That processor is built of tran-
sistor-transistor and emitter-coupled
logic. The ECL speed is required to
handle the readout rate of the
buffer, which can be as fast as one
sample per 50 nanoseconds and
ranges from 4 to 22 megasamples
per second. These samples are then
converted back to an analog signal
used to drive the optical modulator
of the helium-neon laser-beam re-
corder. O

Fiber optics

Voltage-responsive crystal allows
direct modulation of light beam

Loading information onto the light
beam in a fiber-optic communica-
tions system is usually done indi-
rectly, by modulating the injection
current of the light source itself. But
now Sperry Rand Corp.’s Sperry
Research Center in Sudbury, Mass.,
has developed an electro-optic device
that modulates the light beam after
it is already in the fiber light pipe.
This approach not only eliminates
an electronic-to-optical interface but
could prove to be useful at very high
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frequencies where the response of
the light source might be inadequate.
In addition, the basic modulator
design can be used to switch data
along different paths, a requirement
of multiplexers and data buses.
Crystal. The Sperry modulator, as
shown in the figure above, is based
on a thin wafer of an electro-optical
crystal, such as lithium niobate or
lithium tantalate, having a refractive
index that changes when a voltage is
applied. But first, identical metal

OUTPUT
FIBER

!

iz
3 \

CRYSTAL

CONTROL

METAL
VOLTAGE ELECTRODE

P
IFUT EiGER IDENTICAL ELECTRODE

Mod crystal. Voltage applied across the
surfaces of the electro-optic crystal mod-
ulates light in Sperry device. The longer the
crystal, the deeper the modulation.

electrodes must be evaporated on
both sides of the wafer, which is 3
mils thick, to match the diameter of a
single multimode optical fiber. The
fiber’s end is polished and butted to
the crystal.

Output nil. When no voltage is
applied, only a small percentage of
light entering the crystal will reach
the output fiber. That is because the
light coming from the multimode
fiber is not collimated. Instead, it
enters the crystal in a cone contain-
ing many different angles and is
dispersed instead of impinging solely
on the output fiber.

When a voltage is applied to the
electrodes, the index of refraction in
that part of the crystal varies,
changing the angle at which the light
enters. The incoming light tends to
be guided along the metal-electrode
path to the output. But the amount
of light at the output depends on the
applied voltage so that the output is
intensity-modulated.

In its development, the Sperry
researchers found that a 50% mod-
ulation depth could be obtained by
applying 14 volts rms, and the
throughput loss was 18 decibels. The
bandwidth was larger than 600
megahertz. A 25% modulation was
achieved with 5 v, but it took 900
volts to approach modulation depths
of 100%.

At an angle. Throughput loss is
considerably improved, Sperry
found, by butting the fiber up
against the crystal so that the axis of
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the fiber is not perpendicular to it.
This angle helps to increase the
amount of light that can be
captured, with voltage on the elec-
trodes, from the input’s wide cone.

For example, for 50% modulation,
throughput loss was reduced to 10
dB when the applied voltage was
increased a small amount—to 23 v.
The voltage required for capturing
the entire cone of light—100%
modulation—was 225 v with the
fiber cut at a 67° angle. This is
roughly a quarter the voltage
required when a fiber is coupled with
its axis perpendicular to the crystal.
Sperry says it can reduce the voltage
required for 100% modulation even
more.

Working with the support of the
U.S. Army Electronics Command,
Fort Monmouth, N.J., Sperry has
already built a time-division multi-
plexer/demultiplexer that inter-
leaves the optical bit streams of four
separate multimode fibers onto a
single output fiber. Such a unit could
be applied in a switchboard that the
Army would like to have when fiber
optics replaces the standard 26-pair
copper cable it at present uses in
tactical environments [Electronics,
Jan. 9, 1975, p. 29].

Elsewhere in the laboratory, Sper-
ry has developed some other electro-
optic goodies, including a 12-port-to-
three-port multiplexer as well as a
low-crosstalk, four-port crosspoint
switch. O

Solid state

Devices meeting
shows trends again

The annual Electron Devices meet-
ing held in Washington in December
usually previews the new process and
device technology being readied for
new-product designs. This year is no
exception. A wide range of new tech-
nologies will be aired at the meeting
Dec. 6 to 8, including new bipolar
and metal-oxide-semiconductor
structures to boost the performance
of both discrete and large-scale-inte-
grated devices, as well as materials
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and designs to make feasible optical
and solar-cell devices for communi-
cations and energy applications. Mi-
crowave technology, both solid-state
and vacuum, will be described that
sets higher limits in frequencies and
low noise.

ccp logic. Perhaps the most inter-
esting developments to emerge will
be TRW’s ongoing work with logic
structures built with charge-coupled
devices [Electronics, June 10, p. 41].
Although ccp techniques are widely
used in memory, imaging, and signal
processing, the TRw Defense and
Space Systems Group is alone in
applying them to logic configura-
tions, and with resounding success.
The TRW ccbD logic, for example,
operates on only 10% as much power
as complementary-mMo0s logic in 1%
of the area. Moreover, the process is
completely compatible with the ccp
analog process. So far, a wide range
of complex digital ccp functions
have been implemented including
half and full adders and multipliers.

A more conventional MoS-logic
approach is a low-power LSI configu-
ration using back-gated, or B-MOS
structures, work that’s underway at
Hitachi Central Research Labora-
tory in Japan. Using a back-gated
input terminal, which forms a p-type
well in an n-type substrate, Hitachi
researchers have built test inverters
that operate with gain at voltage
levels as low as 0.13 volt, or only a
fraction of standard MOs voltages.
Moreover, these test vehicles showed
typical delay times of only 100 ns
and power delay products of only 10
femtojoules, or 1,000th that of other
logic systems.

A development of immediate ap-
plication is the clocked c-M0s logic,
or C2L, which RCA has built into its
1802 microprocessor chip. It pro-
vides triple the packing densities of
standard silicon-gate Cc-MOs while
increasing speed approximately 4 to
6 times. This makes its performance
comparable to n-channel circuits,
but power dissipation is much
lower.

Linear too. Developments in
mixed-process linear integrated cir-
cuits will also be described. With no
additional processing steps, vertical-

junction field-effect transistors are
being mixed on the same chip with
bipolar transistors by Hewlett-Pack-
ard Laboratories, Palo Alto, Calif.
The advantages are high operating
frequency and impressive power-
handling capability.

High-stability voltage references,
which have been the province of
bipolar technology, are now being
implemented with MOS processing by
General Electric Co., Schenectady,
N.Y., for use in monolithic linears
such as interface circuits and data
converters. Also, process improve-
ments in MOS technology are ena-
bling the optimization of chip real
estate.

iBM, Stanford. For example, both
smaller polysilicon-gate MOSFETs are
being made by 1BM’s T.J. Watson
Research Center, Yorktown
Heights, N.Y., and V-groove and
double-diffused MOS transistors are
being fabricated by Stanford Uni-
versity’s Integrated Circuits Labora-
tory, Stanford, Calif.

Advances in microwave semicon-
ductors will also be reported, among
them low-noise bipolar transistors
developed by Bell Laboratories with
electron beams and Trapatt oscilla-
tors from Sandia Laboratories, Al-
buquerque, N.M., that utilize opti-
cally-generated carriers to lower fre-
quency drift and speed up switching
frequency. In opto-electronics, the
news will include a position-sensitive
photo-detector that exhibits high
linearity and a whole rash of
improved-performance photodiodes,
as well as light-emitting diodes, for
easing the characteristics of optical
fibers for data transmission. O

Industrial

Capacitance yields
yarn’s denier

Capacitance measurements and the
textile industry are not commonly
associated. However, they are re-
lated in a piece of electronic gear
when it comes to gauging the
denier —or mass per unit length—of
synthetic fibers coming off produc-
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tion-line textile machinery.

The right denier is a critical
measure of fiber quality—so much
so that a small analytical-instrument
company thinks $50,000 is not too
much to pay for a system it has
developed to measure denier right in
the dirty environment of the mill
rather than a laboratory. Micro
Sensors Inc. of Holliston, Mass.,
says its M/8000 quality-control sys-
tem will cut appreciably the lag
between the time the fiber is spun,
drawn, or texturized and the time it
is sampled and measured.

Accuracy. Moreover, the system
delivers much greater accuracy—
* 1% —measuring denier than the
1+ 10% of other measuring machines,
says the company. Micro Sensors,
81% owned by Analog Devices Inc.,
displayed the system for the first
time late last month at the American
Textile Machinery Exhibition in
Greenville, S.C.

Robert W. Smith, product mar-
keting manager at Micro Systems,
says the company’s previous
products have been either analytical
instruments or in-process on-line
monitoring systems. The analytical
instruments, priced from $10,000 to
$20,000, are intended for quality
control in the laboratory and manu-
facturing-process development. The
on-line equipment can cost as much
as $100,000 to gauge fibers for

Dialing denier. Technician sets desired
denier for which fiber will be tested. Yarn-
handling portion of system is at right.

News briefs

Westinghouse to end TV-tube production

A sign of the competitive times in the U.S. television-set industry is Westing-
house Electric Corp.’s announcement that it will cease production of color-Tv
tubes in December. The last of the independent picture-tube makers in this
country, Westinghouse cited rising costs, low selling prices, foreign imports
of receivers, and lack of profits as the reasons for abandoning its Horse-
heads, N. Y., facility and idling 1,200 people. The company had previously
ceased making its own TV receivers, but sold picture tubes to other U.S.
setmakers and Europe. Still making the tubes in the U.S. are RCA, Zenith
Radio, GTE-Sylvania, and General Electric.

IBM adds processor to its 370/158

Just two weeks after San Francisco-based Itel Corp.’s introduction of its
AS/5, a computer system that duplicates the functions of IBM's 370/ 158
[Electronics, Oct. 14, p. 29], IBM announced an attached processor system
for the 158, that improves performance by 1.5 to 1.8 times. The attached
processor shares the main memory with the existing host processor and
shares the load of processing instructions. This improves the system without
adding main memory, disk storage, or input/output equipment. IBM intro-
duced the concept of an attached processor earlier this year with a unit for
the model 370/ 168.

Huge combat system awarded to RCA

RCA Corp.’s Missile and Surface Radar operation in Moorestown, N.J., has
been awarded a $159.2 million U.S. Navy contract to develop a shipboard
combat system using the Aegis fleet air-defense system as its nucleus. It will
incorporate a number of sensors and weapons in addition to the RCA-
developed Aegis system, which uses the Standard missile (Type Il) built by
General Dynamics Corp.’s Pomona division. Components of the combat
system include Mark 26 guided missile launchers, Harpoon surface-to-
surface missiles, and 5-inch guns.

Control Data sales to China, USSR finally approved

It took a year longer than expected, but Control Data Corp. finally got
Federal approval for its long-standing proposal to sell two Cyber 172 models
to the People's Republic of China for approximately $6 million [Electronics,
Nov. 27, 1975, p. 59]. At the same time, cbc said it won approval to ship one
Cyber 173 system worth $5 million to the Soviet Union. The equipment for
Machimpax—the China Machinery Import and Export Corp.—will be
installed in a seismic institute outside Peking to monitor earthquakes and aid
the search for new oil reserves. The Soviet Cyber 173 will be used in similar
applications. The Chinese and Soviet 60-bit-word, medium-scale, general-
purpose systems will each have 65,000 words of central core memory plus
another 250,000 words of extended core storage. For peripherals, the
Soviets will get three coc 841 disk drives of 432 million bits each, while the
Chinese system will have four 844 disk drives with capacities of 870 million
bits each.

U.S. consumer-electronics trade deficit for first half tops $1 billion
America’s deficit in consumer-electronics trade during the first half of 1976
more than doubled the 1975 figure, soaring to a record $1,333.5 million.
Japan accounted for 80% of the total, more than $1,075 million, according
to new Commerce Department figures.

Imports of phonographs and tape recorders and players, the largest
category, climbed 60% to $471.8 million. The largest percentage of imports
gain—313%—came in radio transceivers and receivers, which totaled
$413.3 million. Sales of citizens’ band radios rose sevenfold to $262.4
million. Imports of Tv receivers jumped 80% in the half to $333.5 million, with
color sets accounting for $183.8 million, more than double the 1975 level.
Commerce reported ‘‘a major shift in product mix"’ as sets with 19-inch and
larger screens now account for more than half the import total.
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One bution
dialing.

The busy personis con-
stantly dialing telephone
numbers. Locally. Through- ‘
out the country. Even internationally. 3 e

But let's face it. Dialing is 4
one of the biggest time wasters in a v ’
busy day. ?;, Q

Think of the number of digits you dial. %4/
And have to remember. If you forget a tele- /
phone number and your secretary is unavailable, you lose
valuable time looking it up. If the line’s busy, you have to
re-dial.

But General Instrument Microelectronics is chang-
ing all that. Our MOS /LSl circuits are making the telephone
easier to use and a whole lot more human. They're making
possible today’s third generation solid-state phone. And
tomorrow’s “‘super phone.”

With one-button dialing, the sky is the limit. You pro-
gram your phone’s memory with the numbers you call most
frequently. Then, instead of dialing, you simply push a but-
ton. The phone dials for you. Instantly. Automatically.

You can set up your own identification system, too.
If you like surnames, list your telephone numbers by sur-
names. Or by locations. Or by digits in sequential order.
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It's up to you.

That's not all. If you get a busy sig-
nal, the phone will re-dial until you hang
up. You can see the number you're dialing with a digital
read-out display. And you can even convert your phone
into a data transmission center.

Gl circuits are opening the way to advanced phone
technology. You can select our AY-5-9200 that stores tele-
phone numbers in multiples of ten. Or our AY-5-9100 that
converts push button input to rotary dial pulses. Or our
AY-3-9400and AY-3-9410that generate MF /tone telephone
frequencies. Or our AY-5-9800 that decodes them.

Making engineering more human is our real job at Gl
Microelectronics. One-button dialing is a good example.
Another is TV games. And hand-held calculators that print.
And microwave ovens that practically nudge you when the
food is cooked. And lots more.

True, Gl makes standard and custom circuits. By the
millions. Whole families of them. In depth. But we're really
in business to help you make products that do things people
want them to do. If you'd like to make your products more
human, write or call General Instrument Microelectronics,
600 West John Street, Hicksville, New York 11802, Tel. (516)
733-3107.

We help you compete.

GENERAL INSTRUMENT CORPORATION
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mounted switch.

= Low profile...can be readily edge
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= Grayhill's reliable spring loaded,
sliding ball contact system...life
rated at 50,000 operations with
positive wiping action and immunity
to normal shock and vibration.

Here’s the latest entry to the com-
prehensive and innovative Grayhill
DIP switch line...a new switch that
can be actuated without removing
the PC board from its rack. Because of
its distinctive shape and side ac-
tuation, Grayhill calls this the
PIANO-DIP™. It's ideal for mounting
on the exposed edge of a racked PC
board, allowing engineer or technician
easy programming access. PIANO-
DIP™ switches are now offered

with 7 rockers; future versions will
include 4 to 10 switch stations.
Complete information is contained in
Bulletin 260R321, available free on
request from Grayhill, Inc.,
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denier and other specifications.

The M /8000 fits in between these
two classes of equipment. It’s an off-
line station that quickly tests each
package or bobbin of fiber just after
it comes off the machines. Smith
says this hasn’t been possible before,
especially with the accuracy the
M/8000 offers. Heretofore, fiber
makers usually had to gauge samples
away from the production area.
Because of the time lag between
production and testing, large batches
of fibers could wind up as expensive
scrap before the out-of-tolerance
machinery could be adjusted.

Six transducers. A standard
M /8000 station consists of an auto-
matic yarn-handling system, which
controls the speed and tension of six
parallel thread lines, six transducers,
and a processor-based central mea-
surement and control system. A
digital panel meter and printed read-
outs present test results.

The transducers are the key to the
station’s performance. “We're mea-
suring capacitance to 10 picofa-
rads,” notes Smith, pointing out that
other fiber-measurement approaches
are designed to measure deviation in
capacitance. ‘“They can measure
changes, but we measure absolute
and how far off the fiber is.”

Fiber is fed through a slot in the
transducer head, where its average
absolute denier is measured. The
system can also compute the fiber’s
coefficient of variation, which takes
into account the amplitude and
durations of deviations from average
denier. The coefficient is the ratio of
standard deviation to average denier
for a given length of yarn.

No comment. All Smith will say of
his system, which does not contact
the yarn, is that MsI’s transducers
use the relationship between the di-
electric constant of a fiber and fiber
mass to measure the yarn’s absolute
denier as it moves through the
sensing element at high speed.
Circuitry translates a continuous
dielectric measurement into a signal
proportional to the absolute denier.

Four-year-old Ms1 was acquired
by Analog Devices in 1973 to gain
new markets for its own measure-
ment and control capabilities. MSI

itself was formed originally in a
diversification move by Northrop
Corp., the aerospace concern. Sales
of MmsI could reach “several million
dollars in several years,” predicts
John Corsi, vice president of the
Analog Devices Instruments and
Systems group. |

Computers

Low-cost analog unit
simulates digital ICs

An analog computer for simulating
the fastest kinds of monolithic digi-
tal circuit chips can be put together
from hardware costing only about
$3,600, say two West Germans.

Built by Hans-Martin Rein, a
professor of electrical engineering,
and Roland Ranfft, a research assis-
tant, both at Ruhr University’s Insti-
tute of Electronics in Bochum, the
computer is being used to analyze
nonsaturated-logic families. These
include emitter-coupled, diode-tran-
sistor, and Schottky transistor-tran-
sistor logic. The two researchers,
applying their computer to devel-
oping experimental low-power sub-
nanosecond devices, are checking out
the limits of the bipolar silicon-
planar techniques with respect to
such characteristics as power dissi-
pation and delay times.

Plug-ins. The computer consists of
two (possibly three) “mainframes,”
plus their power supplies. Each
“mainframe”’consists of 12 plug-in
modules, 10 of which model tran-
sistors and two of which model
diodes.

The transistor models are based
on the so-called transport model,
which is similar to the well-known
Ebers-Moll model. This model al-
lows variation of the following
parameters: base transit time, collec-
tor-and base-spreading resistances,
four junction capacitances, and the
collector-base capacitance, which is
divided into extrinsic and intrinsic
parts. Current gain and the emitter-
base forward voltage can also be
adjusted. If necessary, the equivalent
circuit can easily be expanded to
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modules will help you do it better. It's clearly the display module you
should consider. See the difference for yourself, write or call us and we’'ll
prove it.

When clear displays count — Specify Ferranti-Packard.

(FERRANTI) Ferranti-Packard Limited

Electronics Division,

121 Industry Street,

Toronto, Ontario, M6M 4M3, Canada
Telephone: (416) 762-3661

Telex: 06-22007

PACKARD
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take into account additional spread-
ing resistances in series with the
junction capacitance.

The diode models are analogs of
10 Schottky diodes, five in each of
the two plug-in modules allotted to
them.

The basic two-mainframe comput-
er can simulate logic gates with as
many as 20 transistors and 20
Schottky diodes. These numbers are
usually the upper limit on what
needs be simulated in the design of a
circuit chip. However, if necessary, a
third mainframe can be added.

Device parameters can be set by
potentiometer knobs on the comput-
er’s front panel. As with other
analog computers, no special pro-
graming knowledge is needed.

The $3,600 cost of the computer is
for a pair of 12-module mainframes
and associated hardware, according
to Ranfft. It does the same job as an
expensive large-scale digital comput-
er using elaborate and time-consum-
ing network-analysis programs: a
multitude of computer runs is
required as parameters are changed
to optimize the circuit.

Time scale. In typical analog
fashion, the computer works with a
time-scale factor that slows the
speed at which the circuits operate.
A factor of one million, for example,
translates an actual transistor
switching time of 1 nanosecond into
I millisecond, slow enough for the
gate elements to be interconnected
by simple wiring.

Even at gate-delay times of 0.4
nanosecond, there has been good
agreement between the transient
response of the real circuit and the
simulation, Rein says. This holds
even though the transistor equiva-
lents are less flexible, the two point
out, than those available in modern
network-analysis programs used on
high-speed digital computers.

The low millisecond speeds of
their computer allows switching be-
havior to be displayed as parameters
are varied on an inexpensive low-
frequency dual-trace oscilloscope.
Dc characteristics can also be
displayed. Any standard pulse gener-
ator with a variable pulse rise time
can drive the computer system. [
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138.90 59 157.25 68

Pr Er

es 140.90 65 167.26
Tb
60 158.92 69 174.97
Nd Tm
144.24 66 168.93
Dy
62 162.50
Sm
150.4 67 232.03
Ho
63 164.93
88.90 Eu
151.96

rare earths rhone-poulenc

all grades ranging
from 95% to 99,9999% purity

Chemicals Division, P.O. Box 125 - Monmouth Junction - NEW JERSEY. 08852 (USA) - Telex 844.527 - Tel. 846.77.00

(CF/PSP), 21 rue J.-Goujon - F. 75360 PARIS - Cedex 08 - Tel. (1) 256.40.00

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, >%

Address

L rhone-poulenc-chimie finﬂ
Please send me information on rare earths.

CF.G1.6/12 - Electronics
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THE

BiIMOS OP AMP

The BiIMOS concept we
announced just three years ago has
already changed the thinking of many
system designers. And has sweeping
implications for both engineer and
manager.

BiMOS is easy to use. Improves
product performance values. And reduces
costs over just about any op amp. In just about
any socket that calls for one.

BiMOS combines the best of
Bipolar and MOS.

The BiMOS technology was born with the CA3100. Without
miracles of any kind. We simply put our experience in two technologies
together on the same chip, using standard commodity manufacturing
processes.

BiMOS proved that two technologies could be better than one.
More stable. More rugged electrically than either unprotected Bipolar
or BIFET. And lower priced by far than BIFET op amps.

By varying the mix of Bipolar and MOS we have made BiMOS op
amps which match a wide variety of circuit requirements.

BiMOS fills today’s need for a more
universal approach.

The chart below represents a new guide to op amp performance
and application for the design engineer.

BiMOS
Voo
7 A
GEN'L PURPOSE SPECIAL, HI PRECISION
\ /
V \V/
BIPOLAR BIFET
42

TRazow

With just a few types,
BiMOS affords the opportunity
to establish new low-cost

standards in all op amp cate-
gories. For example, the 3140
does most things better than the 741. Yet,
in all but a handful of critical situations it will
also get BIFET jobs done. At a fraction of the cost.

And since BIMOS is a high-volume, simple-
to-manufacture technology, you can use it freely
without concern about availability.

Op amp category What BiMOS contributes RCA device
General Purpose Wide applicability. CA3140
Low cost CA3130
FET Input Lower device cost CA3140
Reduced circuit cost CA3130
Wideband High siew rate with CA3140
4.5to0 70 MHz low ringing CA3130
CA3100
Micropower Strobability CA3130
down to 1.5mW
High Current Eliminates driver stage CA3130
up to 22mA Low device cost.
Rail-to-rail output swing

Simple manufacture means
high yield with high uniformity.

From one manufacturing step to the next, the BIMOS op amp
doesn't know whether it's a 3140 or a 741. It takes the same kind and
number of processes to make both.

In sharp contrast to the simplicity of BIMOS, the BIFET process is
longer and relies on ion implantation, used to define a channel in a
doped epitaxial layer.

Since the electrical characteristics of this epi layer vary, the junction
formed varies. That affects the FET pinch-off voltage, making device
parameters harder to hold to BIMOS tolerances. This is illustrated by
the gain vs. voltage and temperatures curves.
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A management report
on a technology
whose time has come.

Since the BiMOS process is easy to control, high yields are the
order of every manufacturing day. This has been our consistent
experience in three plants producing BiMOS in three different parts
of the world. So we are confident we can fill your high-volume needs
without interruption.

BiMOS BIFET
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BiMOS puts a new slant on
the learning curve.

The fast build-up of s4
BiMOS production, already in
the millions, brought a corre- $:8
spondingly sharp decline in
the price-learning curve.

One year after our first
announcement, the 3130 was ¥
introduced at the one-dollar
level. And this year, we made o T T
the 3140 available at the
same price as a 741.

Once again the BIMOS experience is in sharp contrast to that of
BIFET op amps which, although announced in 1974, are still relatively
high in price and low in volume.

Curves show lowest published price for each
technology.

BiMOS encourages engineering
and manufacturing economies.

Savings from BiMOS go beyond low purchase price. For one
thing, the all-embracing performance of BiMOS simplifies and speeds
up the design process for engineers.

Whether they're redesigning a circuit or tackling a new problem,
they can confidently use BiMOS to do a wide spectrum of jobs —where
previously, each of these jobs may have required careful, time-
consuming selection from an array of specialized op amps. What's
more, BIMOS op amps can often do jobs that used to require addi-
tional parts. This opens up further savings in design, manufacturing
and parts costs.
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TYPICAL PUBLISHED OP AMP PRICES

_J BiMOS
BIFET I FET Input ]
Wideband
High Slew Rate
Micropower I
j General Purpose
0 $5 $10

Standardizing on BiMOS offers other important cost benefits, too.
Such as consolidated purchasing, simplified incoming inspection, and
fewer types in inventory. You can treat BIMOS as a second source for
all the op amps it replaces.

BiMOS answers consumer demands
for improved values.

To sum up, BIMOS is an advance in step with the times. It pro-
vides many performance and reliability advantages over the old way
of doing things — at no extra cost. It's in keeping with the trend toward
standardizing on fewer components that can do more jobs. At a time
of squeezed profits, it can help reduce costs all along the line —costs
of design, manufacture, purchasing, inventory control, incoming
inspection. The end result is that you can offer consumers more value
at competitive prices.

A BiMOS offer from
RCA management to yours.

If you want to know more about how to use BiMOS circuits in your
new designs or redesigns, or if you'd like to discuss how you can fit
BiMOS into your present inventory program, call us. Ask for the BIMOS
Product Director at 201-685-6116. That's our specially dedicated
BiMOS phone. Or write him at RCA Solid State, Box 3200, Somerville,
New Jersey 08876.
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DELCOS NEW 25-AMPERE HIGH VOLTAGE

DARLINGTONS WITH THE SPEED

AND ENERGY CAPABILITY
YOU ASKED FOR.

Good news for motor
speed control designers who
have expressed a need to
upgrade horsepower ratings.
The 25-ampere gain of these
new Darlingtons permits
increased horsepower
ratings of existing AC motor
speed control systems and
a reduction in paralleling in
new designs. However,
grouping of t is available for
current sharing in designs

MAJOR PARAMETER LIMITS

Type @hggA @hng \‘/CEO l\ggfl ICE
@ susl  @90A @600V
DTS-4066 5 75 350V 35V 0.25mA
DTS-4067 10 150 350V 2.0V 0.25mA_
DTS-4074 5 75 350V 35V 0.25mA
DTS-4075 10 150 3b0V 2.0V 0.25mA
TYPICAL SWITCHING
DTS-4066 DTS-4074
DTS-4067 DTS-4075
Al & ~ 0bus  Dbps
3 ts 50w 3.2us
o 45  1.0us

menple diffused silicon Darlingtons are packaged in solid
copper cases conforming to JEDEC T0-3 outline dimensions.

SAFE OPERATING CURVES
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with parallel Darlingtons. A
speed-up diode is built
into the DTS-4074 and
DTS- 4075 permitting
data sheet t; typicals of
1.0 us. Drive circuit
techmques involving
I;,= 2 A and a Baker clamp
produce t; typicals in the
0.4-0.6 us range for the
DTS-4066, DTS-4067,
DTS-4074, and DTS-4075.

Our experience with
tolerances, faults, transients,
and start-stall conditions in
most systems convinces us
that these Darlingtons have
the right trade-off between
speed and peak power
handling capability. Note the
greater than 10 kVA region
of the reverse bias safe
operating graph. All this,
and you still get Delco’s
traditional solid copper
TO-3 hermetic package that
has a conservative 0.75°C/W
thermal resistance.

These Darlingtons are
already in high volume
production and are available
on distributor shelves.
Prices, applications litera-
ture, and data sheets from
your nearest Delco sales
office or Delco distributor
can complete the story on
these new Darlingtons.

Features
of Delco’s
new DTS-4066,
4067, 4074, 4075
Darlingtons.
[] Upgrade
existing
motor
speed
control
horsepower
[J] Reduce ne
ing in new systems.
[ Offer switching speed
improvements over our
earlier types.
[ Achieve greater than
10 kVA peak power
dissipation.
[] Available with t.«grouping
[] Delco hermetic copper
package with 0.75°C/W.
L] Currently in high volume
production.
208/220 Vac,
3¢ MOTOR SPEED CONTROL

6 STEP WAVEFORM—5 to 60 Hz—1.5% SPEED CONTROL ACCURACY

UNU NET\UN
OSCILLATOR

36
MDT[]R
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EMITTER

SPEED-UP DIODE
USED ON DTS-4074/4075 ONLY

3¢ DARLINGTON INVERTER
DTS-4066-4067
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NOW AVAILABLE FROM THESE DISTRIBUTORS
IN PRODUCTION QUANTITIES.

MIAMI SPRINGS
Powell Electronics/Florida
(305) 592-3260

ILLINOIS

ALABAMA

BIRMINGHAM
Forbes Distributing Co., Inc.
(205) 251-4104

HUNTSVILLE
Powell Electronics

ELK GROVE VILLAGE
Kierulff Electronics, Inc.

NEW JERSEY

CINNAMINSON

Wilshire Electronics/
Philadelphia

(609) 786-8990

(215) 627-1920

205) 539-2731 ’ CLIFTON
. ) (53K1(§:(t|5E40 2t Wilshire Electronics/
ARIZONA Elell Industri[gs D (zg]e;vjj%{si?bo
ectronics Distributors Div. ol
nglli_ﬁlx (312) 282-5400 (212) 2444940
ing
Electronics, Inc. NEW MEXICO
(003) 2564551 TR ALBUQUERQUE
CALIFORNIA INDIANAPOLIS Sterling Electronics
: —e Gr;ham E:ectromcs (505) 345-6601
. GARDENA upply, Inc.
**_Electronics (317 6346202 NEW YORK
Distributors Div.
Bl Industries SAARYLAND BINGHAMTON
(213) 321- BALTIMORE Harvey Electronics

GOLETA
R.P.S. Electronics, Inc.
(805) 964-6823

RESCO/Baltimore
(301)823-0070

LOS ANGELES MASSACHUSETTS
Kierulff Electronics, Inc.
(213) 685-5511 BILLERICA

R.P.S. Electronics, Inc.
(213) 748-1271

PALO ALTO

Kierulff Electronics, Inc.
(415) 968-6292

SAN DIEGO

Kierulff Electronics, Inc.
(714) 278-2112

R.P.S. Electronics, Inc.
(714) 292-5611
SUNNYVALE

Bell Industries

(408) 734-8570

Kierulff Electronics, Inc.
(617) 935-5134

(617) 667-8331

NEWTON

The Greene-Shaw Co., Inc.
(617) 969-8900

MICHIGAN

LIVONIA
Pioneer/Michigan
(313) 525-180

MINNESOTA
LORAD
e 2 g’\INEEAPOLI_S ke o on
DENVER tark Electronics Supply Co.
Kierulff Electronics, Inc. (612) 332-1325
(303) 371-6500 MISSOURI
a3

CONNECTICU .
NORWALK Waiters Radio Supply, Inc.

(816) 531-7015
ST. LOUIS
LCOMP-St. Louis
(314) 647-5505

Harvey Electronics
(203) 853-1515

FLORIDA

CLEARWATER
Diplomat/Southland
(813) 443-4514

CLAMPED INDUCTIVE
SWITCHING PERFORMANCE

L.
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(607) 748-8211
BUFFALO
Summit Distributors, Inc.
(716) 884-3450
FARMINGDALE
Wilshire Electronics/
Long Island
(516) 293-5775
FREEPORT
Milgra /New York
(516) 546-6000
WOODBURY
Harvey Electronics
(516) 921-8700
(212) 895-9260

OHIO

CINCINNATI

United Radio, Inc.

(513) 761-4030
CLEVELAND

Pattison Supply Co.
Industrial Electronics Div.
(216) 441-3000
DAYTON
Pioneer/Dayton

(513) 236-9900

OREGON

PORTLAND
Almac/Stroum Electronics
(503) 292-3534

PENNSYLVANIA

PHILADELPHIA
Almo Electronics
(215) 698-4000

PITTSBURGH
CAM/RPC Electronics
(412) 782-3770

HOUSTON
Harrison Equipment

Co., Inc.
(713) 652-4700
Sterling Electronics
(713) 627-9800

WASHINGTON

SEATTLE
Almac/Stroum Electronics
(206) 763-2300

Kierulff Electronics, Inc.
(206) 763-1550

SPOKANE
Almac/Stroum Electronics
(509) 928-0679

IN CANADA:

Zentronics Ltd.

Toronto (416) 787-1271
Ottawa (613) 238-6411
Montreal (514) 735-5361

OVERSEAS:
EUROPEAN
INQUIRIES:

European Parts &
Accessories Marketing
Grou

General Motors Continental

Plant 2, Noorderlaan,
Postbus 9

B-2030, Antwerp, Belgium

ALL OTHER
OVERSEAS
INQUIRIES:

General Motors Overseas
Operations

Parts & Accessories Dept.

767 Fifth Avenue

New York, N.Y. 10022

(212) 486-4412

DELCO ELECTRONICS
REGIONAL SALES
OFFICES

SOUTH CAROLINA

COLUMBIA
Dixie Radio Supply Co., Inc.
(803) 779-5333

TEXAS

DALLAS
Sterling Electronics
(214) 357-9131

Charlotte, North Carolina
28209

4600 Park Road

(704) 527-4444

Van Nuys, California 91404
Box 2968

(213) 988-7550

GENERAL SALES
OFFICE

700 E. Firmin, Kokomo,
Ind. 46901
(317) 459-2175

Electronics

Division of General Motors

Kokomo, Indiana

Circle 44 on reader service card 45



Under New



Management

Introducing a revolutionary
new product.

The 8080A microprocessor.
Well...new for us anyway.
National is now second-sourcing
the 8080A. Backed by support devices

galore and a complete family of 8080 products
(some available now, some coming soon).

We're cranking 8080A’s out by the carload.
Delivery (as many as you want) is no problem.
So if the other guy’s line is busy, you might give us a call.

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

Gentlemen,
Please send your passel of prolific pontifications about your
INS8080A, support devices, and related family products.

NAME e IR S-S oL etk
COMPANY____ e
ADDRESS__ _ s Mooy u Sl —— I SN
1 if T B S LS SPATRS e o 7B e O
e e e e e e e e e e e e e e e e e e e e — — —————— -

ZNational Semiconductor
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Now, an alternative

in the precision resistor world.

Beckman introduces precision
film networks.

The board geography savings are obvious.

But our standard, 16-pin Series 698 Precision
Film Resistor Networks mean much more.
First, they’re competitive in purchase cost with
thin film discrete resistors. And, when you
consider inventory and handling costs, lead
bending, QC and other factors, they mean
about a 30% savings in “on-the-board” costs.

That isn’t all. Beckman precision networks
have better performance and stability than
unmatched discretes. With =5 ppm/°C tracking,
the matched resistors in our dual in-line
packages feature (1) absolute 1% resistance
tolerance ratioed to 0.5%, and (2) =50 ppm/°C
tempco.

The two models (see schematics) are standard
size and pin-spaced for automatic insertion.
Series 698-1 comes in 17 stock resistance

values; Series 698-3 in 20 stock values. And
these parts can be coupled, in series or parallel,
to obtain other values in gain-setting, summing
and feedback circuit applications.

The 1,000-piece price: just 65¢ for the 698-3
(8 resistors), 81¢ for the 698-1 (15 resistors).
Compare with discretes!

And remember: they’re standard.. . for quick
delivery, off the shelf through our widespread
distribution.

Ez;m $ ’ $ % £ 3 3Re

| 572 [ 5 G 5 i = i IS o ) o =2 3

Get into the world of precision resistor
networks. For more data, and applications
information, contact your local distributor or
Beckman Helipot today at (714) 871-4848,
Extension 1776.

BECKMAN-*

HELIPOT DIVISION

48 Circle 48 on reader service card
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Independents dispute
AT&T’s $1 million
lobbying costs

Trade balance drop
seen steeper
in second half .. . .

. . . despite gains
in exports of
components, EDP

Tougher scrutiny
of military R&D
sought in Congress

Electronics /November 11, 1976

Washington newsletter

American Telephone & Telegraph Co.’s disclosure that it spent $1.04
million in three months lobbying for passage of the Consumer Communi-
cations Reform Act of 1976 is being questioned by an “outraged” North
American Telephone Association, independent makers of telephone equip-
ment. Citing AT&T’s “massive”” congressional lobbying effort, NATA asked
“if this is the total quarterly expenditure incurred by Bell” in the April-
June period covered by the company’s report to the Federal Communica-
tions Commission.

The report is the first to the Fcc since the Common Carrier Bureau
ordered AT&T and its subsidiaries to separately report lobbying expenses on
the company-sponsored bill to limit telecommunications competition. It
will be reintroduced next year. AT&T expects to report lobbying outlays for
1975 and the first 1976 quarter soon. Apart from NATA’s criticisms, the
report received little notice in Washington because it came in the final
week of the Presidential election campaign.

The 40% decline in America’s favorable electronics trade balance to $818
million just posted for the first half of 1976 is expected to be even larger in
the second. Commerce Department trade specialists privately estimate
that consumer electronic imports, mostly from Japan, continue to rise
sharply (see p. 36). “They are more than offsetting our exports gains in
computers, components, and military hardware,” says a Federal analyst.
First-half imports rose 58% to $3.12 billion from 1975, while exports of
$3.94 billion reflected an increase of only 18%.

First-half component exports climbed 30% from last year to $1.26 billion
compared to a 45% rise in imports to $746 million, according to new
Commerce Department figures. Computer exports rose 11% to $1.22
billion against $83 million in imports, up 32%. The commercial/indus-
trial/military category posted a 26% rise to $609 million compared to a
53% imports gain to $317 million. A 20% increase in medical electronics
exports to $115 million was partially offset by $89 million in imports, up
11%. Telephone- and telegraph-equipment exports of $112 million were up
12%, while imports dropped 2% to $48 million. But test and measuring
equipment shipments fell more than 7% to $238 million, while imports
rose 14% to $82 million. Calculators again posted a negative trade balance
of $54 million, more than double last year’s as imports rose 4% to $169
million and exports dropped 16% to $115 million.

With an eye to earlier identification and termination of failing high-risk
R&D programs, the new Congress will be asked to give tougher scrutiny to
military and space rR&D plans next year. That’s one major proposal
expected to come out of a new 115-page analysis for the Joint Economic
Committee’s subcommittee on priorities and economies in Government.
Nearly $15 billion will be spent in fiscal 1977 on military and space R&D,
about 63% of all federal r&D outlays.

Sen. William Proxmire (D., Wis.), subcommittee chairman who won
reelection handily last week, said the studies identify “serious and startling
shortcomings” in the allocation and expenditure of Federal R&D funds.
The study challenges congressional funding of large projects without a
clear understanding that the potential or actual benefits are worth the

49



Tunney loss seen
easing pressure
on surveillance

Retailers urge
shared, low-cost
EFT terminals ...

.. . while bankers

contest commission

50

on new rules

Washington newsletter

costs, the low termination rate of high-risk programs which have an
acknowledged success rate of only about 10%, and the failure of the R&D
community to “come up with scientific tools for measuring R&D results.”

Most Washington representatives of electronic intelligence and surveil-
lance equipment makers are feeling less defensive about the release by
November’s end of a 1,000-page Senate subcommittee report. The docu-
ment is expected to be highly critical of surveillance technology and its
possible threat to individual citizens’ liberties. The reason for their change
in mood: Sen. John V. Tunney (D., Calif.), chairman of the Judiciary
Committee’s constitutional rights subcommittee and champion of the
report calling for tighter industry regulation, was defeated in his reelection
bid. Nevertheless, industry officials await the report in order to examine its
section of the state of technology dealing with electronic eavesdropping,
data processors, sensors, optics and imaging, including night vision.

The nation’s retailers say they expect bankers to share access to the
hardware in their stores and pick up the operating costs if electronic fund-
transfer systems are to succeed. The warning was delivered to the National
Commission on Electronic Fund Transfers by the American Retail Feder-
ation during four days of hearings recently concluded in Washington. The
retailers “oppose the proliferation of hardware in our stores,” and are
convinced that ““both the retail industry and consumers will reject EFT if its
costs exceed those of existing cash, check, or credit sales.”

Most bankers agreed EFT technical standards should be permitted to
evolve after deployment of terminals in the marketplace, rather than be
framed beforehand in anticipation of abuses. That was the view presented
by the American Bankers Association to the commission and supported by
former U.S. Comptroller of the Currency James E. Smith in a call for
more marketplace experience. But it was sharply disputed by several
citizens’ rights organizations who urged greater protection for privacy of
customer data in EFT systems. The commission is pushing to make a
preliminary report to Congress by February in order to begin framing EFT
legislation, even though it has until October 1977 to complete its final
report.

The National Commission on EFT wants legislation freeing systems from
restrictive Federal and state legislation regulating terminals as ‘“‘branch
banks’ [ Electronics, Oct. 14, p. 50]. But that is opposed by mutual savings
banks, which see an unbeatable competitive threat from “multibillion
institutions that might literally flood an area with electronic terminals and
be able to shrug off resultant losses if they occur.”

While banks dispute the nature and extent of regulation, savings and
loan associations are gaining valuable EFT installations and experience.
Since s&Ls got initial approval two years ago for EFT systems, the U.S.
League of Savings Associations say its 4,500 members have 23 projects
under way. Of the 1,368 terminals involved, about half are installed and
operating. Twelve projects with 336 terminals are proprietary, while the
other 11 involve 1,032 terminals shared in varying degrees by 167 s&Ls
and 17 other institutions.
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SPRQGUE
TYPE g35,

-.300" -

GOMPATIBILITY

] |
- 300" -

SPRAGUE GIVES YOU A CHOICE OF 2 MONOLYTHIC®
CERAMIC CAPACITORS THAT GO HAND IN HAND
WITH ALL TYPES OF STANDARD DIP COMPONENTS

Type 933C DIP-Style* Molded-Case

Moisture-proof case offers excellent mechanical pro-
tection during hand or automatic insertion. Made by
alternately depositing thin layers of metallic elec-
trodes and ceramic dielectric until desired capac-
tance is obtained, then firing into a homogenous
block. Capacitance range: 18pF to .1 uF @ 100 WVDC;
to .22 uF @ 50V; to 47uF @ 25V

Type 7C Saddle-Base Resin-Coated

Tough resin case, with outer epoxy varnish coating,
protects against damage from handling as well as
moisture. Phenolic base plate insures accurate lead
spacing and eliminates resin run-down on leads.
Capacitor sections made with proven layer-built con-
struction. Capacitance range: 51pF to 1uF. Voltage
ratings: 50 and 100 WVDC

For more information on these and other Monolythic” Ceramic Capacitors,

write for Short-Form Catalog MC-108 to: Technical Literature Service,
Sprague Electric Company, 35 Marshall Street, North Adams, Mass. 01247.

R P S R MR K A S S e
% Sprague puts more component families into
dual in-line packages than any other manufacturer.
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Electronic snapshots at 40 per second

Interface GE’s latest automation camera to micro and mini
computers for new sensor applications. Each exposure provides ’—ﬁj
discrete data from 16,384 picture elements for inspecting parts,
measuring hole diameters, handling materials, and controlling

2.4”

manufacturing processes. As the eyes of industrial robots or O e
other automated equipment, TN2200’s can exactly locate and :
identify an object on an assembly line. R T 77
For quality control the TN2200 can also view x-ray displays Typical Camera Body
of packaged materials. Other applications include tracking air- Lens

planes, viewing callers on picture phones, and recording research

observations as they occur. ‘ 3
Optoelectronic Systems Operation

GE'’s advanced design ensures long life and lack of drift. And General Electric Company
being solid state it's small, rugged, and low on power consump- Electronics Park 3-201
tion. For resolution and reliability at only $840, call us about S(y:;?g;Jies'erjl;svgg%rrkgs%%o1

the TN2200.

GENERAL @D ELECTRIC
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IL chip, started in Japan, provides
phase-locked loop for citizens’ radio

Integrated injection logic is used in a
phase-locked-loop frequency synthe-
sizer that contains all frequency-
determining circuits for single-crys-
tal control of a class-D citizens’ band
radio, except for the voltage-
controlled oscillator and the low-
frequency-loop amplifier. Because of
the versatility of the XC3390P 1°L
chip, initiated by Motorola Semicon-
ductor Products Group applications
engineers in Tokyo, many of the
peripheral components needed with
competitive complementary-Mo0S de-
vices are eliminated.

Even though the device integrates
high-speed and high-density logic on
the same chip with linear functions,
it is inexpensive because it is
processed on the same line as the
company’s low-cost linear integrated
circuits. Use of a 24-pin dual in-line
package with same 0.3-inch spacing
between lines of pins as packages
with a smaller number of pins
minimizes the space requirement
and maximizes cost-effectiveness.

Operation. The basic design of the
new device was developed by Motor-
ola applications engineers in Tokyo,
working with their customers. Devel-
opment of the device, especially for
the 40-channel transceivers to be
used next year in the U.S., was
completed by Motorola engineers in
Phoenix, Ariz.

The phase-locked-loop frequency
synthesizer operates in double-
superheterodyne CB radios with in-
termediate frequencies of 10.695
megahertz and 455 kilohertz. In the
transmit mode, the XC3390P gener-
ates the exact channel frequency. In
the receive mode, it generates a
frequency that is offset from the
channel by the first intermediate
frequency. A fixed 10.24-MHz fre-
quency converts the first i-f to the
second i-f in an off-chip mixer.

Like many other pLL chips, the
Motorola device divides the frequen-
cy from the reference oscillator
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down to 5 kHz in a fixed-ratio
divider. Also, the frequency of an
operating channel, derived from the
voltage-controlled oscillator, is div-
ided down to 5 kHz in a programable
divider.

Comparing. The two frequencies
are then compared in a phase
comparator off the chip, which
generates a correction voltage to
maintain the vco at the precise
frequency of the channel. An inter-
nally generated out-of-lock signal is
applied to the linear gate, and it
effectively turns off the output at the
exciter-output pin of the synthesizer

chip to prevent out-of-band radiation
during the initial look-up time.

The Motorola 1L chip differs from
most competitive devices in that it
uses a crystal of 30.72 MHz rather
than the usual 10.24 MHz. Two emit-
ter-follower-logic prescalers on the
chip separately divide the crystal-
oscillator frequency by two to obtain
15.36 MHz and three to produce the
10.24 MHz. The frequencies are
divided at a low level on the chip.
The 10.24-MHz signal is divided in a
binary counter by 2,048 to produce 5
kHz as one input to the phase
comparator. O

Around the world

s

physical dimensions.

SSRGS S

aur

German coupler aligns optical-fiber ends

Researchers at West Germany’s AEG-Telefunken have built several experi-
mental connectors that align the ends of optical fibers accurately enough
that the plug of one fits into the socket of any other. The connectors hold
coupling losses to less than 0.4 decibel for multimode fibers with a core
diameter of 45 micrometers and outer diameter of 130 um. The fiber ends
are cemented in V-grooves cut longitudinally to the centers of two steel
cylinders that form the plug and socket.

The fibers, flush with the ends of the cylinders, are automatically aligned
when the ends of the plug and socket are held in place by an overlapping
cylindrical pin, which has one flat side to align the V-grooves of the two parts.
The pin is fastened to the cylinder in the plug end, and a spring in the socket
end opposite the V-groove forces the cylinder against the pin. The tolerance
is controlled by the accuracy of the V-groove angles, rather than other

Sony PCM adapter adds hi-fi to video recorder

An experimental pulse-code-modulation adapter can convert a home or
industrial video-tape recorder into a stereo tape deck that performs better
than the finest professional product. Japan’s Sony recently demonstrated
the adapter at the International Audio Fair in Tokyo and plans to produce it
during the second half of 1977 at roughly the same price as a home VTR—
about $800. The attachment should provide outstanding reproduction when
connected to the video terminals of any VTR, but Sony will guarantee
performance only when it is used with the company’s own recorder.

Best results are obtained with commercially recorded tapes, the firm says.
However, standardization both of the VTR and the PCM recording technique
may be required to build a commercially viable market for prerecorded
tapes. The adapter/VTR combination plays back with a dynamic range of 85
decibels for program material it records and 95 dB for commercially
recorded tapes. For operation at 0.1% harmonic-distortion level, these values
are 40 dB and 50 dB, respectively —better than those that open-reel tapes
can achieve. The system can provide harmonic distortion of 0.03%, better
than the most expensive professional analog tape recorders.

Wnuﬁlkuﬂraj
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You can buy
this signal generator

for a 3-month job,
and then let it

gather dust.

When you buy electronic test equipment
for a short-term project, you’re stuck with the
equipment after the project is completed.
Maybe it’ll sit around gathering dust and cost-
ing you money. Or maybe you could sell it at
a loss.

Or maybe, you should have rented it
from REI.

When you rent equipment from us, you
keep it only as long as you need it. When you’re
through with it, you send it back. Since you pay
only for the time you have your instruments,
you never have to spend your money on idle
equipment. Short-term needs are just one
reason for renting. Immediate delivery is an-
other. Because we maintain over $10 million in
inventory in fully stocked instant inventory
centers around the country, you can get
delivery within hours.

You can rent
this signal generator
for a 3-month job,
and returnit
when you're done.

REI stocks over 8,000 fully checked-out
test instruments. And they’re ready whenever
you are. For the full story on renting as well as
our low prices, send in the coupon for prompt
delivery of our free illustrated catalog. Or call
us now for your immediate requirements.

Rental Electronics, Inc., _l
99 Hartwell Avenue, Lexington, Mass. 02173.
Please send me your free instrument rental catalog:

Name

C
_ompany

Address

City
Tel. Number

|
Title {
|
|
|

Rental Electronics, Inc.

A PEPSICQ LEASING COMPANY

Burlington, MA (617)
Des Plaines, 1L (31

)
3.
2

27¢
2)

2770 o Gaithersburg, MD (301) 948-0620 e Oakland, NJ (201) 337-3757 e Ft. Lauderdale, FL (305) 771-3500
827-6670 ¢ Dallas, TX (214) 661-8082 ¢ Mountain View, CA (415) 968-8845 ¢ Anaheim, CA (714) 879-0561

Rexdale, Ontario (PLC Leasing Ltd.) (416) 677-7513
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Quality stressed
in Japan’s program
to bolster defense . . .

. . and plan favors
U. S. warplanes

Plessey speeds up
ECL line at same
power levels

Nordmende markets
TV games in color
from West Germany
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International newsletter

Japan is stressing quality rather than quantity in its upcoming national
defense program, which begins March 31 at the end of its fourth five-year
plan. One reason for the change is that the government no longer
envisions a steady increase in numbers of weapons; in fact, the number of
operational aircraft is expected to decrease from about 490 to 430 because
of the withdrawal of F-86 fighters, which are of Korean War vintage.

What’s more, the program’s provision for a new budget each year
minimizes the chances for unreasonable reductions, which in the past have
been forced by opposition parties because the entire budget had to be
approved in the first year of the plan.

U.S. aircraft are expected to be selected to fulfill Japan’s latest five-year
plan. The new mainstay fighter, probably the F-15 from the U.S., will be
selected late this year or early next year. The fighter is included in the
authorizations for 10 squadrons of interceptor units, three squadrons of
support fighter units, and one squadron of air-reconnaissance units. Also
authorized is a squadron of early-warning aircraft, which may come from
the U.S.

The popular fast emitter-coupled-logic families are about to get even
speedier siblings with the same power levels from Britain’s Plessey
Semiconductors. The first product in the Plessey ECL-3 family is the
SP1660F dual four-input gate that is three times faster than standard
devices. It has a gate delay of 500 picoseconds with a power dissipation of
200 milliwatts. Targeted applications are instrumentation, nucleonics, and
pulse-code-modulation communications links. Still under development is
the SP 10131, an ecL 10-kilobit dual-D flip-flop that quadruples the clock
rate to 750 megahertz.

Plessey says the higher speed of the device comes from improving its
own Process 3 to dope a fully implanted transistor with arsenic that way,
it can get well-defined structure edges. Also made by the same process is
the SP8619 1.5-gigahertz divide-by-four counter with guaranteed
performance from 0°C to 70°C.

A new color television set featuring built-in games and a novel wired-in
electronic-photocell rifle is being pushed by West Germany’s Nordmende.
The 26-inch Nordmende set, called Spectra-Color-Teleplay, provides six
different ball games—squash, tennis, soccer, ping pong, hockey, and jai
alai—and four shooting-type games—fox hunt, combat shooting, rabbit
chase, and pigeon shooting. For the shooting games, the rifle is connected
to the set.

The game module, designed around an integrated circuit from General
Instrument Corp., is built into the receiver and connected to the video
input. Spectra-Color-Teleplay models cost only $80 more than Nord-
mende’s standard 26-inch color sets. .
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Uncertainty clouds
CDC computer sale
to mainland China

Japan urges makers
of VTRs to adopt
standard products

Philips color-TV
concept extended
to 20-inch tubes

ICL system chosen
by European
Economic Community

56

International newsletter________

Although President Ford has approved the sale of two Control Data Corp.
Cyber 172 computers to the People’s Republic of China, [p. 36], officials
of Control Data France remain worried that the new Carter administration
might delay or scrap the deal. And the Paris-based International Coordi-
nating Committee for exportation to Eastern Countries still must approve
the sale of the computers [ Electronics, Oct. 14, p. 55].

Control Data France, which is furnishing the computer network in
collaboration with France’s Compagnie Générale de Géophysique, hopes
that Cocom approval will come by the end of this month and that the first
computer will be delivered to Peking by the end of the year.

The Japanese government has applied pressure to the country’s manufac-
turers of consumer video-tape recorders to adopt an industry-wide stan-
dard so that a tape made by any of them will play on any recorder.
Although the Ministry of Trade and Industry has unofficially urged the
companies individually to standardize, this is the first “administrative
guidance.” miTI officially called together executives of 13 manufacturers
Oct. 28 and urged them to begin work as soon as possible on a new
generation of compatible products and stop the proliferation of noncom-
patible ones.

The three leaders in the sales race—Sony, Matsushita, and Japan
Victor—are expected to intensify their sales effort to grab a dominant
market share. If one of these systems is chosen for production and sale by a
company not yet in the market, such as Hitachi, the standard could be
virtually set. Still, it may take several years to make agreements on a
single design, work out a way to share patents, and formulate a policy
with respect to present incompatible equipment and tapes.

Now that the Philips-developed 20AX self-converging beam system
[ Electronics, Aug. 8, 1974, p. 120] is being used on 18-, 22-, and 26-inch
color-television tubes, the Dutch company and its subsidiaries are also
gearing up for production of 20-inch versions. The 20AX tube concept has
become the dominant one in Europe since it was introduced about two and
a half years ago, and it is gaining in Asia, Latin America, Australia, New
Zealand, and South Africa. The guarantee for color tubes using it has been
134reased to three years in Germany, says Philips subsidiary Valvo GmbH
in Hamburg. Philips has nine factories producing color-Tv tubes and three
making tube-deflection units.

The European Economic Community commission has decided to install a
computer system from Britain’s International Computers Ltd. at its data
center in Luxembourg. The ICL 2980, chosen to meet needs of the center,
which are growing about 25% annually, will replace existing equipment
from Cie. Internationale pour I'Informatique of France and iBM of the
U.S. The complete system will rent for $225,000 to $245,000 a month.
For several weeks, the commission has leaned toward the i1CL system, even
though it is fairly new, and despite reports that a similar installation at the
European Space Research Organization center at Darmstadt, West
Germany, has been having software problems.
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At last.

Aup
built for

engineers!

Programmers

have had it

all their way
too long.




This new engineer-
oriented 8-bit micro-
processor is both
simpler and more
economical. The

EA 9002 is designed
for hundreds of real-
time, real-world jobs
that engineers used
to tackle with hard-
wired logic. Systems

glecironic
dIrdys

to do most of these jobs can be built
with fewer components and at lower
cost than is possible with other uPs.

Circle 57 on reader service card

It's easier to understand.

Easier to program.

Easier to interface because it
connects directly to standard ROMs,
PROMs, RAMs, [/Os and MSI circuits
from most manufacturers. These in-
clude the EA 4600, EA 4700 and EA
4900 ROMs, the EA 2708 EPROM, the
EA 2111 RAM, et cetera.

We designed the EA 9002 espe-
cially for small-to-medium data and
process control applications. Like
smart instruments. Data collection
terminals. Peripheral controllers.
POS terminals. Elevator controls.
Video games. Machine tool controls.
Electronic scales. Bottling machines.
Any application that's essentially
logic processing and control.

We gave it all these advanced
features to make it simple to use:

A 512-bit RAM right on the uP
chip. (So you may not need
an external RAM at all.)

Binary and BCD arithmetic in-
structions. (With built-in deci-
mal correction. )

’;

'EA 9002

A 28-pin package in place of the
usual 40-pin DIP. (That tells
you it's got to be simpler —
and cuts the cost too.)

A single +5v supply require-
ment. (Just like TTL.)
Standard TTL inputs and out-
puts. (So you can intercon-
nect directly from the uP to
any standard TTL logic.)

A single-phase clock input
(For more simplicity.)

A 2 usec fetch and execution
time. (So the speed is there if
you need it.)

Simple as it is you still need
software and firmware support. So
we've got that all together for you
too. A comprehensive user's manual.
A cross assembler available on
National CSS and GE time-sharing
networks. A micro-controller PC
board for prototyping. An emulator
for software development, program
edit and resident assembly. And a
full-blown software development
terminal with complete ASCII key-
board, CRT display, and floppy disk
memory.

Here's your chance to get out
from under unnecessarily compli-
cated uP development —and end
up with a less costly system as well.



The

ICI0
controller.

Just plug programmed PROMs
or one 16K ROM into the EASE 1001
board to make an operational micro-
controller. Excellent for prototypes—
and the final product in many cases.

Preconnected on the board are
an EA 9002 microprocessor (with an
on-chip 512-bit RAM), a clock, I/O cir-
cuits, and sockets for eight 1702A 2K
PROMs plus one EA 4600 16K ROM.

The board interfaces directly
to standard TTL circuits. Requires
only +5v and —10v supplies.

Circle 57 on reader service card

Here's a breadboard for your
system already complete except for
programming. It can save you weeks
of development time and expenses.

We built the EASE 1001 primar-
ily for prototyping. The design is so
generalized that it works well in a
great variety of applications. And
many low-volume users find it eco-
nomical to incorporate this board
into their final system.

If you load the board with eight
1702 erasable PROMs, you get 2048
8-bit bytes of program memory. Any-
time you're ready, this memory can
be replaced with a single economical
EA 4600 mask-programmed ROM.

‘EASE 1001

There are two 8-bit TTL input
ports (16 terminals) and three 8-bit
TTL output ports with latches (24
terminals).

The board has a crystal-controlled
oscillator allowing an instruction
execution time of either 3.2 or 6.4
usecs for l-byte instructions.

The EA 1001 board helps you
realize the full potential of the EA
9002 microprocessor. Helps you build
complete uP systems, quickly, simply
and economically.




This $995 emulator makes
programming easy and inexpen-
sive. Costs only a fraction as much
as equipment with comparable
capability. And it’'s the only hard-
ware/software development system
that’s complete in one stand-alone
desk-top machine.

The EASE 2000 is an in-circuit
emulator that you can wire right
into your system to see how it
works. The emulator uses the same
components as your final system —
except it has RAM where ROM or
PROM will be.

You can program with simple
hexadecimal object code. Or plug
in an optional $250 assembler and
program with instruction-set
mnemonics through a TTY terminal.

EASE P

Circle 57 on reader service card

EASE 2000

tor.

The EASE 2000 has keyboards
for both control and data entry. It can
also be loaded and dumped via an
ASR33 TTY terminal. A built-in hex
LED display indicates keyboard
entry, a 3-digit address, and 2 digits
for data bus contents.

The emulator operates in two
basic modes: either EXECUTE or
EDIT. In the EXECUTE mode, the
program may be run at normal
clock speed, stopped automatically
at preset breakpoints, or stepped
through one instruction at a time
while displaying the current address
and data status.

In the EDIT mode you may
read, modify or write into program
memory and microprocessor
memory locations as defined within
the editor software. All EDIT oper-
ations appear in the LED display.

If you plug-in the optional
resident assembler and program
with mnemonics, the emulator will

Europe

ELECTRONIC ARRAYS, INC.
Hadleystraat 3

Aalsmeer, Netherlands

Tel. 02977-23722/23838

TLX: (844) 12674

United States
ELECTRONIC ARRAYS
550 E. Middlefield Rd.
Mountain View, Calif.
Tel. (415) 964-4321
TWX 910-379-6985

flag errors in your program, assign
symbol values, and convert instruc-
tion mnemonics to 9002-executable
codes.

The emulator has 2K 8-bit bytes
of RAM to store the program —the
same program capacity that will go
on the EASE 1001 micro-controller
card in ROM or PROMs.

The EASE 2000 emulator really
takes the place of the logic bread-
board you used to build and debug.
Like the breadboard, it can be
wired right into your system for
real-time operational tests. That's
another reason we call the EA
9002 the engineer's microprocessor.

For a complete package of
informative literature contact any of
our worldwide offices. In the U.S.
call on our toll-free WATS line below.

94043

Far East

RIKEI CORPORATION
1-18-14 Nishi-Shimbashi
Minato-Ku

Tokyo 1095, Japan

Tel. 03-591-5241

TLX: (781) 24208

out<1de Cadlifornia use toll-

free WATS (800) 227-9962

EAST
Cherry Hill, NJ, (609) 795-5066
MID-AMERICA

St. Louis, MO, (314) 878-6446

Huntington Beach, CA
(714) 968-3775

electronic
dITdys



Switch to the LICON.

LPB line...a spur
to your imagination!

Your design ideas really will
track better when you keep
Licon LPB’s in mind. With
Licon’s vast array of choices
and options you're sure to find
the switch you need quickly,
save design time, and avoid
frustration.

Take our Series 05 LPB'’s for
example. These economical
lighted or non-lighted low-
level switching devices are
available in seven lens cap
colors, plus clear. Centrally-
located red, yellow or green
LED display, too. Excellent
illumination with LED’s or
inexpensive T 1% wedge base
lamps. Fits .625 panel cutout.

Single ordouble pole versions.

Unitized housing and
mounting latches. Bifurcated
contacts with long wipe. Good
tactile feedback. U.L. listed.
Wide application range. Ideal

2 Illinois Tool Works Inc. 1976

for low energy digital
electronics switching.

Our Series 06 LPB’s feature
Licon’s ultra-reliable double-
break Butterfly® switches. One
or two-lamp illumination. Over
200 display options. One light
full screen. Two-light vertical
split, horizontal split, or full-
screen illumination. Solid
color, projected color,
insertable legend or hidden
display. Use standard T 134
flange base lamps. Fits .70 x
.920 panel cutout. U.L. listed,
C.S.A. certified, and meets

3 mm terminal spacing
requirements. Wide

LIGON

application range. Both Series
05 and 06 LPB’s have standard
PC or .110 quick-connect
terminals.

Many other brilliant choices
available in our amazing array
of lighted and unlighted
switches. Switch to us for best
answers. Call or write for our
Licon Switch Catalog: Licon,
6615 West Irving Park Road,
Chicago, lllinois 60634.

Phone (312) 282-4040.

TWX 910-221-0275.

El LICON

A DIVISION OF ILLINOIS TOOL WORKS INC

AON LICON LINE = am

" Ao s ", —s—-———
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Above Any Othel
Bipolar Micropro
Family

FAIRCHILD 4-BIT SLICE vs 2901

PACKAGE SIZE

DIE SIZE

COST (100-PIECE PLASTIC)

SPEED (MINIMUM CLOCK PERIOD)

LS| DEVICES IN FAMILY
(200 OR MORE GATES)

9405A 2901
FAIRCHILD AMD
$12.00 $21.00
75ns 105 ns
T 2;1-LE/;E 40-LEAD o

0.4-INCH WIDE 0.6 INCH WIDE

e ————————— e —————————————

10,000 MIL2

Macrologic Bipolar Microprocessors: by part, by

Faster. Cheaper.

Part for part, system for system,
the Fairchild Macrologic family is
faster and cheaper than any other
Bipolar Microprocessor family
around. There are currently eight
200-gate-plus LSI devices, with
four more coming soon. Yet
because we've kept design
parameters simple (to meet 95%
of potential applications), you pay
less and get maximum speed.
Better matched.

The Macrologic family of Bipolar
Microprocessors is the most
advanced family available. There

62

is more flexibility, more combina-
tions of functions to best meet
your application needs. So you
get a better matched system with
better performance.

More memories.

Because there is more to a
microprocessor than just the
processing, Fairchild delivers
more bipolar memories, in greater
variety, than any other source.
Thirty devices in total. Including
our industry standard 93415
(1024 x 1) and 93422 (256 x 4),
plus the fastest PROM around —
our 93448.

Step into the future.

Our commitment to Bipolar Microprocessing
is substantial. By combining our broad (and
growing) Macrologic product base with our
unique process background in Isoplanar,
Injection Logic, Schottky and Subnanosecond
ECL, we'll always be at the leading edge of
this critical technology. We invite opportunities
to put this engineering mix to work on your
particular operation. Contact any Fairchild
Distributor, Rep or Regional Office.
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7e World'’s Fastest Microprocessor Family

FUNCTION vs FUNCTION

(LSI ONLY)

DEVICE FUNCTION
FAIRCHILD AMD :
B g 4-BIT SLICE.

9406A 2901 | ALU/REGISTERS
9408 Focoiy | MICPOEROORAM
| | DATA PATCH SWITCH.
9404 BYTE MASKING, SIGN
| EXTENSION, SHIFTING
| PROGRAM COUNTER
9406 AND LIFO STACK
ki S SR e
9407 } | ADDRESS ARITHMETIC
= 5= 5 ] e VTR SR
| CYCLIC REDUNDANCY
9401 | | CHECKER
_ =
9403 FIFO

so1a | VECTORED PRIORITY
INTERRUPT ENCODER

SCRATCH PAD
s EXPANDING MODULE

. j 'COMPATIBLE BIPOLAR
_3OMEMORIES | 14 MEMORIES | GRNREIES

MACROLOGIC vs SSI/MSI

ONE REPLACES
MACROLOGIC THIS MANY
PART SSI/MSI PARTS

9401 . 12
9403 16
9404 22
9405A

9406

9407

9408

9410

More Macrologic
Family On The Way

‘unction, by system, always a step ahead.

Added sources.

Our Macrologic line is being sec-
ond sourced by another major
bipolar manufacturer. So you are
assured of always having sufficient
supply at competitive pricing.

Special offer. For a limited time, we're offering complete data

books on parts and applications for Bipolar Memories (@ $3)
and Macrologic (@ $3)...or both for a special price of $5.
Check the appropriate box and send it along with your check. F

=)

Mail to: Fairchild Camera & Instrument Corp., Bipolar Memory
& ECL Division, PO. Box 880A, Mountain View, CA 94042

-
|
I
I
I
I
I
I
=

Fairchild Camera & Instrument Corp., | [0 Bipolar Memories @ $3 [ Both @ $5
I
I
I
I
I
I
I
I
I
I
|
=

Bipolar Memory & ECL Division, O Macrologic @ $3 0O Free Line Card
464 Ellis St. Mountain View, CA 94042, T ' WHO ELSE?
Tel (415)962-3541. —

TWX:910-379-6435.
Macrologic from Fairchild.

COMPANY NAME
ADDRESS
CITY/STATE/ZIP

Electronics /November 11, 1976 Circle 63 on reader service card 63




The only microcomputer
with the power of a PDP-11.
The PDP-11/03.

If you've beenlooking fora
microcomputer with minicom-
puter power at a micro price, join
the hundreds of OEMs who've
already found it with the DIGITAL
microcomputer. The PDP-11/03.

The 11/03 gives you every-
thing you could ask for in a small
computer. High performance.
High reliability. And alow price —
just $1,357 in quantities of 50.

And that micro price buys you
mini features that quickly trans-
late into benefits OEMs appreciate.
Features like full PDP-11 instruc-
tions with eight general purpose

registers for fast program devel-
opment. RAM (MOS or Core) and
PROM memories thatlet you
match the memory with the appli-
cation. Hardware vectored inter-
rupts with stack processing for
real computer power. And
multiple-sourced components

for sure delivery.

Buying our 11/03 also buys
you the chance to start small with-
out staying small. Because you can
add up to 32K words of memory,
fast floating point instructions,
and more. Whenever you and
your customers are ready.

Besides growing bigger in
size, the 11/03 lets you grow big-
ger in scope. It’s software com-
patible with every other PDP-11
we offer. From our LSI-11 all the
way up to our medium scale
PDP-11/70. That means you can
take full advantage of Digital
PDP-11 software and services.

You can also take advantage
of Digital’s OEM Referral pro-
gram — your chance to take onan
international marketing and
support team without hiring
them. The OEM Referral program
can help you locate new custom-




ers and new markets around proven microcomputer with

townand around the world. And  proven power and performance,
it can all start with the PDP-11/03.  get the micro with all the power

Soif you'relooking for a and performance of a PDP-11.

[] I'minterested. Please send information.
[J I'm more than interested. Please have your nearest Digital sales
representative contact me.

| Name Title
Company

| Address Phone
| City State Zip.

Digital’s PDP-11/03. Call your
nearest Digital sales office.

Or send the coupon to Digital
Equipment Corporation, May-
nard, Massachusetts 01754.

(617) 897-5111. European head-
quarters: 81 Route del’Aire,

1211 Geneva 26. In Canada:
Digital Equipment of Canada, Ltd.

dlijgliltlall

50,000 computers saving
managers millions.
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Note rough,
jagged edges

. always
present. }
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Your IC lead frames look like
this at 30X enlargement (unre-
touched). Because they are punched
out of metal, the edges are rough,
. jagged and irregular. In contrast, the
flat sides of the lead frame are
smooth, even and perfectly plated.




Secret of RN high reliability
‘side-wipe’ DIP sockets
revealed by microphotos

Here’s microscopic proof that high reliability
Robinson-Nugent “side-wipe” DIP sockets
make 100% greater contact than any edge-
bearing socket on the market. This advance
design provides constant low contact resist-
ance, long term dependability—trouble-free
IC interconnects. Yet RN high reliability DIP
sockets cost no more than ordinary sockets!

| WRITE TODAY

for catalog and informative
book “What to Look for in

IC Interconnects.’ Free
from Robinson-Nugent—the people who make more
kinds of high reliability IC sockets than anyone.

ROLINS ON
”ﬂ”ﬁfﬂl,’ V/ (/2

expose’junk’socket problems

R I L od b
Get the high reliability that eliminates trouble.
RN “side-wipe” DIP sockets make contact with the
wide, flat sides of your IC leads. You get 100% greater
surface contact for positive, trouble-free electrical
connection.

They’re even packaged for high reliability.
“Protecto-pak”® packaging delivers consistently per-
fect RN sockets to your production line—for auto-
mated or manual assembly.

800 East Eighth Street, New Albany, Indiana 47150 » Phone: (812) 945-0211

Call me, I'm interested circle 66
Send product information circle 205
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THE J387:
WHEN PRODUCTIVITY
COUNTS.

Here are seven ways in which the J387 Memory Test
System helps increase productivity. Study them closely.

hen it’s time to invest in memory testing equipment, you'll
want to remember them all.

REPEATABLE RESULTS WITH HANDLERS or PROBERS.
Because the system was designed to drive devices at the end

of cable, test results are consistently repeatable even when

wafer probers or automatic handlers are connected to the system.

NO TEST STATION TWEAKING.

The system’s software eliminates the need to modify the pro-
gram every time you change test stations. Once set, the times
stated in the test program are always valid.

PROGRAM YOUR OWN PATTERNS.
Teradyne’s new programmable pattern generator allows you to produce whatever
patterns will exercise your memories best in the least amount of time.

TWO STATIONS MEAN HIGH THROUGHPUT.
The basic J387 arrives with two test stations because experience has shown that
%)wo g(sjuglly offer the lowest cost per device tested. Should you require more, they can
e added.

TESTS RAMs, ROMs, EVEN 16Ks.
The J387 will test many different RAMs and ROMs, including 4k devices in 16-,
l118-, daln(cii 22-pin packages. Even memories with up to 16 address inputs can be
andled.

ALL THE DATA YOU NEED.

You're provided with cumulative Schmoo plots, lot summaries, distribution analy-
ses, datalogged parametric values, and all the other data you need to increase yleldy
and improve productivity.

TERADYNE PRODUCTIVITY TURNS UP EVERYWHERE.

You'll find it in hardware optimized for memory testing. And in Teradyne’s unique
10-year circuit module warranty. It's why we maintain a seven-da{, 24-hour trouble-
shooting service. And a global service program backed up by local parts stocking
centers.

Whether you're a memory user or manufacturer, the J387 delivers what you need.
Optimized memory testing that will boost your throughput and increase your produc-
tivity. For the full story on the J387 Memory Test System, write: Teradyne, 183
Essex Street, Boston, Massachusetts 02111. In Europe: Teradyne, Ltd., Clive

House, Weybridge, Surrey, England.
WE SELL PRODUCTIVITY.

J ERADVE:

CHICAGO (312) 298-8610/DALLAS (214) 231-5384/NEW ENGLAND (617) 458-1256/NEW YORK (201) 334-9770
SUNNYVALE (408) 732-8770/LONDON (0932) 51431/PARIS 073 16 98/ROME 59 47 62/MUNICH (089) 33 50 61/TOKYO (03) 406-4021

 Tor pecolb with mowony problms A
'Oc’a/?z%g oaz‘wza’;dz//je
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Probing the news

Analysis of technology and busines elopments

Manpower forecasts need surgery

Experts agree that engineer demand studies are useless,
but that fresher and better data could improve them

by Bruce LeBoss, New York bureau manager

Are existing forecasts of engineering
manpower needs accurate and scien-
tific? The answer from experts is
no—but, they add, while such stud-
ies will never be perfect, improved
data and methodology could make
them better and more useful.

Authorities in the field agree that
the forecasts share major faults.
Among them:
® They’re based on information that
is outdated.
® They fail to consider market
forces.
® They don’t allow for short-term
economic changes.
® They ignore regional and interna-
tional factors.
® They are inaccurate when based
on hiring plans, because employers
tend to be secretive.

The result is that persons, particu-
larly in engineering schools, using
demand studies may be misleading
students about career opportunities.
That has been a major complaint
about data furnished by the Engi-
neering Manpower Commission in
New York [Electronics, Sept. 16,
p. 75], a research arm of the Engi-
neers Joint Council that is supported
by 36 professional societies. But
other professional groups, industry
associations, and government agen-
cies share the guilt, and several of
them are beginning to move toward
remedies. The IEEE, for one, has a
task force that will begin writing a
report this month on what data it
must have (see “The IEEE steps in,”
p. 70).

Until reforms are made, statisti-
cians and economists will remain
dissatisfied with demand surveys.
Perhaps summing up the views of his
colleagues is Eli Ginsberg, professor
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of economics at Columbia Univer-
sity’s Graduate School of Business
and chairman of the National Com-
mission on Manpower Policies.

“My general view of all demand
studies is that they’re not worth-
while. I'm unenamored by all of the
high-powered model analyses.
They’re a lot of garbage,” he asserts.
Nonetheless, “this doesn’t mean that
they shouldn’t be done, but that they
should be both done and used with
caution and restraint.”

A good system of forecasting,
according to Herbert Bienstock,
New York regional commissioner of
the Bureau of Labor Statistics, has
to be revised frequently. “These
kinds of regression forecasts have a
Maginot Line aspect to them, as we
are projecting on a number of givens
and assumptions that are subject to
change,” he says. While certain
assumptions tend to remain static,
others are subject to change given a
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different set of energy, ecology, and
occupational safety and health poli-
cies, or a change in technology,
administration, or regional move-
ments, he notes.

In the engineering field, Bienstock
adds, “we have been through a
number of forecasting disasters. To-
day’s job openings are not tomor-
row’s job opportunities, and tomor-
row’s job opportunities don’t relate
to growth alone but substantially to
replacement needs.” Generally,
short-term forecasts (one to three
years) tend to miss the mark more
than long-term forecasts for obvious
reasons, he says. “The economic
level for the short term is unpredict-
able and subject to change. The level
of economic activity is not well
projected, and it’s the most signifi-
cant factor in any short-term
forecast.”

Bienstock feels short-term fore-
casts are just a springboard off the

ADDITIONAL REQUIREMENTS

DEATHS AND RETIREMENTS
BETWEEN 1974 AND 1985

1972 SCIENTISTS AND
ENGINEERS STILL WORKING

1972 1985
NATURAL SCIENTISTS

Slowdown. Typical demand chart, based on Bureau of Labor Statistics data, indicates
slower growth in demand after 1980 than in the period leading up to that year.
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Probing the news

basic data one has. “Projections will
be no better than the basic data they
jump off from. Therefore, there is a
need for an improvement in the basic
data.” Included in such data, he
says, should be better information on
employment, productivity, produc-
tion demand in relation to sales, as
well as better updating of informa-
tion of the supply side.

One of the needs for improving
the basic data “is geographic dis-
aggregation—in other words, not
only data on the labor market, but
data on where people live and work;
a regional breakout by disciplines,”
adds Jesse Benjamin, chief of BLS
program research. What also might
help the demand picture, he notes,
“is to do studies of the proportion of
engineering graduates taking jobs in
their major. We could then deter-
mine the number of those generally
underemployed and use this as an
indicator to be applied to the number
of engineers coming out on the
supply side.”

Bad base. The National Science
Foundation, whose ad hoc committee
on manpower concluded “the data
base upon which calculations are
made is considered to be in-
adequate” and that for a number of
reasons ‘‘manpower projections are
tentative at best,” is seeking a quan-
titive understanding of demand on
supply and vice versa, ‘“so that the
effect of feedback can be better esti-
mated in future projections,” says
Joel Barries, director of the man-
power-utilization-studies group.

His organization also wants infor-
mation on occupational-specific at-
trition rates. “We don’t have good
data on death and retirement rates
for scientists and engineers,” he
says, noting that NSF’s data is based
on that supplied by the Bureau of
Labor Statistics. ““BLS has been
applying the death and retirement
rates for all people to its demand
projections, but we believe it to be
different for scientists and engineers.
If so, this would have a significant
impact on the supply and demand
picture.”

Barries sees a need for a better
understanding of the market forces,
as does Columbia University’s Gins-

70

The IEEE steps in

For the IEEE, what's needed in projecting demand is breadth. John Kinn, the
institute’s program manager, says that the only way to do a good job of
forecasting would be to first get a census, rather than just a sampling of
industry and government inputs.

Not many of the companies sampled in the manpower-demand studies by
the Engineering Manpower Commission were employers of electrical and
electronic engineers, he notes. “We would get a much clearer picture of
what’s happening in our industry if there was a broader sample by
disciplines. It's also important that someone look back to see how the
forecasts compared with the actual demand. Otherwise, the demand study
might just be an exercise in futility.”

Meanwhile, the IEEE has formed a task force that is studying the
manpower situation and will begin writing a report this month on what
manpower data it thinks the institute should have. Ross Stander, project
manager of the task force and manager of microprocessor product planning
at RCA Corp.’s Solid State division in Somerville, N.J., says, ‘“We should start
giving more realistic projections to the schools so we could control the
supply.” He believes the IEEE should first establish a strong data base.
“Present |IEEE data is very limited. It's restricted only to members and not all
of them at that.”

Stander’s task force will recommend that the IEEE make good use of its
annual dues mailings. The first mailing, he says, could be broader and
include a list of questions to be filled out that would provide data on the
specific fields in which engineers are working. ‘“This would establish a more

extensive ground zero for future forecasting studies.”

berg. This could include an improve-
ment in estimates of both demand
and supply on a regional basis and
how they have changed through
time. “There is a tremendous elas-
ticity in the American economy,”
Ginsberg says. “If we’re short on
engineers, we have all kinds of tech-
nicians and other people that can fill
engineering jobs. And if we’re long
on engineers, we have ways of
keeping them around in technician-
type jobs. If we could get a better
handle on how companies tackle
their utilization problems, then we
might be able to do a better job of
projecting demand.”

Another important consideration
is national versus international engi-
neering demands. “A multinational
company surveyed may have a
demand for engineers, but it may be
at some facility in South America
where the company has to produce
its equipment to be competitive in
the world market,” notes Martin
Hamburger, professor of education
at New York University’s Graduate
School of Education.

“We also need to understand
regional needs, such as what would
occur in the New York and Los
Angeles areas if there is a change in
policies affecting the aerospace in-

dustry. And there needs to be a
breakdown by disciplines. It can’t be
done by groups because that would
be meaningless in a real-world situa-
tion.” Of prime importance too, is
that “we need a method of fore-
casting demand that doesn’t take up
the lead time to produce the
people.”

Change coming. Moves are coming
on several fronts to change things.
The Bureau of Labor Statistics has
begun a Federal/state program, in
which 32 states are participating, to
determine how many people are
employed in the various occupations.
The bureau provides the states with
definitions of job categories, based
on the Standard Industrial Classifi-
cation Code. The states then develop
samples that include members of the
various industry groups, mail the
surveys, and expand the returns to
estimate the various occupational
levels.

The bureau has a request before
the National Science Foundation for
funds to survey those states not in
the program. Its proposal is being
evaluated, and observers expect it to
be funded, as it would maintain
NSF’s data on a yearly basis.

“BLS’s long-range goal is to collect
data annually,” Barries notes. |
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The
Ansiey

lln”
Connector...

w»

Our new series of male and fe-
male “D” connectors offer you a
cost effective external mass termi-
nation cable and connector system
second to none. lts uniqueness be-
gins with a one-piece “D” con-
nector package that meets industry
standards for size, pin spacing,
and contact reliability. With no
loose parts to match up, positive
cable-to-contact alignment is as-
sured. Conductors are mass termi-
nated in seconds with our standard
BLUE MACS™ hand or bench
tools. The results? Faster installa-
tion, higher reliability.

Contact pins are spaced on
.0545" centers — a perfect fit for
any standard inter-cabinet “D” type
connector application. Our new

“D"” connectors are designed to
mate with standard .050” pitch flat
cable as well as our new, improved
jacketed cable — the only flexible
flat cable engineered specifically
for out-of-cabinet use.
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The Ansley BLUE MACS™ jack-
eted cable is U.L. listed for ex-
ternal interconnection of electronic
equipment. Electrically, it outper-
forms standard jacketed twisted
pairs in typical 1I/O applications.
And there’s no special zipper lock
tubing required — reducing the
need for an extra cable accessory.
Installation is faster, easier. And
like all Ansley connectors, you can
daisy chain our “D” types any-
where in the cable — along with
our DIP socket, card edge, or pc
board connectors.

Cable alignment and high con-
tact reliability is assured — because
both cable and connector are
grooved for absolute alignment.
Our patented TULIP™ 4-point in-
sulation-displacing contacts are
permanently fixed and sealed-in
to provide a reliable, gas-tight,
corrosion-free mass termination.

For the full reliability/cost ef-
fectiveness story and technical
data, call or write:

The mass termination company.

T&B/Ansley Corporation * Subsidiary
of Thomas & Betts Corporation

3208 Humboldt St. « Los Angeles, CA
90031 » Tel. (213) 223-2331 «

TWX 910-321-3938

Available through authorized

Ansley distributors

In Canada: T&B/Ansley, Ltd.
700 Thomas Ave.,
Industrial Park
Iberville, P.Q.




TURNKEY 620 SYSTEMS FROM NEFF
USING THE HP 9825 CALCULATOR..

the logical next step in data acquisition.

You're involved in a scientific, engineering, or industrial
project that could use a high performance, low cost data
acquisition system. But you know that system integration
and software costs of most systems actually exceed the
hardware. And your need is now, so you want a

system that will take data immediately with minimum
user training.

Our turnkey 620S was designed foryou. ... ...

620S is a sophisticated data acquisition system with
amplifier-per-channel or differential multiplexer analog
signal processing and using the H.P. 9825 computing

calculator for system control, data analysis and recording.

Neff systems are known for high performance and the
6208 is no exception. Consider 0.1% accuracy with
50kHz channel scanning rate, fullscale input sensitivities
from 5 millivolts to 10 volts, up to 256 channels or 2048
channels fully expanded, and 120dB rejection of common
mode voltages up to 300 volts. Selectable data filters,
simultaneous sample and hold and input signal
conditioning are but a few of the many available features.

The Hewlett-Packard 9825 calculator provides the 6208
computer performance with the operating convenience
of a calculator. Programming is simple with HPL, an easy
to learn, high level language designed for scientists and
engineers. Standard features include a live-keyboard,
alpha numeric printer and cassette recorder. Up to 24K
memory is available. Plug-in peripherals include floppy
disk, line printer, x-y plotter, and tape punch. It also
attaches to H.P. Interface Buss.

A complete. integrated data acquisition system thats
easy to use - thats our turnkey 6208S.

Like to know more? Call us today at 213-357-2281 or
write for our free brochure.

INSTRUMENT CORPORATION

1088 E. Hamilton Rd., Duarte, Calif. 91010
Tel. (213) 357-2281 TWX 910-585-1833
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Probing the news

Electronics abroad

Apprehension pervades Munich show

Manufacturers gathering at biennial Electronica

agree that recovery falls short of expectations

by Arthur Erikson, Managing Editor, International, and John Gosch, Frankfurt bureau manager

In the vast beer halls of downtown
Munich, the mood of heavy hearti-
ness whipped up by the annual Okto-
berfest lingers on. But at the fair-
grounds, the late-November atmo-
sphere will be charged with appre-
hension as Western Europe’s electro-
nics community converges there for
the biennial Electronica show, Nov.
25 through Dec. 1.

To be sure, the components sup-
pliers who dominate the show won’t
be as jittery this year as they were at
the 1974 edition. Then, market
watchers were predicting—rightly —
a downturn for the year ahead.

There’s been some recovery from
the 1975 slump, of course. But 1976
hasn’t brought the boom most com-
ponents makers had hoped for. “This
year’s expansion won’t even push the
components business back up to the
1974 level,” points out Alfred Prom-
mer, vice president in charge of sales
at Siemens’ Components division.

Against that benchmark, this
year’s recovery for components sales
turns out to be not as solid as the
figures make it look at first sight.
Price rises, too, bloat the totals.
Industry officials, for example, peg
1976 components consumption in
West Germany at $1.63 billion, up
13% over 1975. (All dollar amounts
are figured at exchange rates in
effect at the end of October.) In
France, the industry trade associa-
tion GIEL (for Groupement des
Industries Electroniques) sees a
$1.17 billion market this year, up
18%. In Great Britain, the Depart-
ment of Trade and Industry figures

Munich in November. Scene at fairgrounds
will be repeated at end of month as 1976
edition of Electronica opens.
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that this year’s components business
will run $853 million, a gain of 10%.
Partial returns from Electronics’ an-
nual market survey indicate a rise to
a $350 million market in Italy this
year.

By and large, components-mar-
kets watchers figure the sales curves
will continue heading upward next
year as the recovery—albeit
slowed —struggles on. However, Bri-
tain and Italy are beset by very
shaky economies that could turn
erratic. But color-Tv set production
this year in both countries turned out
to be surprisingly high—1.45 million
sets in Britain and better than

500,000 in Italy.
Despite less business than ex-

pected, then, in sectors like telecom-
munications, computers, and indus-
trial equipment, components sup-
pliers in both countries did reason-
ably well this year. So far, compo-
nents marketing men are looking
toward further rises next year—to
something like $1.01 billion in
Britain and $400 million in Italy.
But either of these markets could
turn sour fast.

Better gains. One thing seems
sure: semiconductor makers should
score above-average gains. “We see
overall increases of about 22% with
almost no price rise,” says Piero
Martinotti, marketing director for
Motorola Semiconductor in Europe.
In West Germany, the market




Why Do MoreTop Designers
Insist On Working WithHarris
GenericPROMs?

The compatibility and depth of our Generic PROM family simplifies
selection, application, and production. But that's only the beginning.
Here are a few specific reasons for choosing Harris.

v ldentical programming specifications means that one program-
mer programs the entire family.

v Single pulse one millisecond per bit programming achieves fast
programming and superior reliability.

v Industry’s highest programming yield increases production effi-
ciency, regardless of PROM size.

v Access times are guaranteed over full temperature and voltage
ranges and any random addressing sequence.

v Harris is the only JAN-38510 QPL-1 approved PROM supplier.

v* Proven Nicrome fuse design I R P N L=
and SChOﬂkyteChn'Ology.. ok Bis | zation | Pins [Com.] M
1/Completefamlly_e}vaIIablllty o To02, | 256 | 32x8 | 16 |aons| s0ns
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thon VOIumslS' The 1Kx4 PROM (aaron) | 1024 | 256x4 | 16 | 6ons | 75ns
ow See How The groney
Can Improve Your System. e oty | 1024 | 256x4 | 16 | 60ns| 75ns
v High-density 16 or 18 pin pack- | HM7620 | o048 | s12xa | 16 | 70ns | ssns
ages greatly reduce board area. Av7621 | oo T T e | 7ome] some

v HM-7644 (16 pin,noenables) s

: . HM-7640
provides direct upgrade for systems | _(opencold
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v HM-7642/43 (18 pin, 2 enables) | i ress
extends high density packaging to ks

4096 | 512x8 24 70ns| 85ns

4096 | 1024x4 | 18 70ns | 85ns

HM-7644

large memory configurations. (active pullup) | 4996 | 1924x4) T8 | 7one] 5ne
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For a quick look at our PROM fam-
ily check the chart. And for complete
details call your nearby saleslocation
or write toHarris Semiconductor,P.O.
Box 883, Melbourne, Florida 32901.

Proven PROM Capability

I HARRIS

w SEMICONDUCTOR

A DIVISION OF HARRIS CORPORATION

3

Visit with us at Electronica 76 Booth 16232, U.S. Pavilion
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HARRIS SEMICONDUCTOR
GENERIC PROM
INFORMATION CENTERS

OEM SALES OFFICES

CALIFORNIA: Long Beach (213)
426-7687; Palo Alto (415) 964-6443
FLORIDA: Fort Lauderdale

(805) 971-3200; Melbourne (305)
724-7430

ILLINOIS: Hinsdale (312) 325-4242
MASSACHUSETTS: Wellesley
Hills (617) 237-5430

MINNESOTA: Minneapolis

(612) 835-2505

NEW YORK: Endwell (607)
754-5464; Melville, L.1., (615)
249-4500

OHIO: Dayton (513) 226-0636
PENNSYLVANIA: Wayne

(215) 687-6680

TEXAS: Richardson (214) 231-9031

SALES REPRESENTATIVES

ALABAMA: Huntsville

(205) 533-6640

ARIZONA: Scottsdale

(602) 948-5590

CALIFORNIA: Los Angeles (213)
870-9191; Mountain View (415)
961-8121; San Diego (714) 565-9444
COLORADO: Denver

(303) 773-0666
CONNECTICUT: East Norwalk
(203) 838-1493

FLORIDA: Boca Raton (305)
395-6108; Oviedo (305) 365-3283;
Tampa (813) 933-1759

ILLINOIS: Elk Grove Village
(312) 640-1850

INDIANA: Indianapolis

(317) 849-6454

IOWA: Cedar Rapids (319) 377-8275
KANSAS: Wichita (316) 943-6221
MARYLAND: Lanham

(301) 459-1556
MASSACHUSETTS: Burlington
(617) 273-1313

MICHIGAN: Farmington

(313) 476-2446

MISSOURI: Hazelwood (314)
731-5799; Independence (816)
737-1100

NEW JERSEY: Keasbey (516)
567-5900; West Caldwell (516)
567-5900

NEW MEXICO: Albuguerque
(505) 265-5655

NEW YORK: Albany(518)489-7408
or 4777; Huntington Station (516)
567-5900

NORTH CAROLINA: Winston-
Salem (919) 722-5151

OHIO: Cleveland (216) 831-8292;
Dayton (513) 890-2150
OREGON: Beaverton

(503) 643-1644
PENNSYLVANIA: Allison Park
(412) 487-4300; King of Prussia
(215) 265-0634

SOUTH CAROLINA: Greenville
(803) 268-1125

TEXAS: Dallas (214) 691-4592;
Houston (713) 661-3007
VIRGINIA: Charlottesville
(804)973-6672

WASHINGTON: Bellevue

(206) 454-0300

CANADA: Mississauga (Toronto)
(416) 676-1042, (416) 678-0401;
Montreal (514) 626-6723, (514)
389-8051; Ottawa (613) 749-0740,
(613) 226-3491

Probing the news

should do even better. Gerhard Lieb-
scher, director of marketing services
at Intermetall GmbH, part of the ITT
Semiconductor Group, puts next
year’s rise at 25%, which would
carry the market to a level well
above $550 million.

This assessment fazes almost no
one. At a preshow curtain raiser,
Electronica’s organizers predicted
that by 1980, semiconductor and
electromechanical sales would match
sales of passive components. Last
year passives outsold semis almost
two to one in West Germany.

The push, of course, will come
from the consumer sector, which will
gobble up more than half the semi-
conductors in West Germany next
year. Although automobile, wash-
ing-machine, and camera makers are
becoming increasingly good cus-
tomers, it’s the Tv-set producers who
buy most. And they’re putting more
and more semiconductor content
into their hardware.

A remote-control system, Lieb-
scher figures, accounts for roughly
18% of the semiconductors in a

color-Tv set. Fully 65% of the 2.8
million sets have them. Electronic
content is continuing to rise as set
makers add to their receivers fea-
tures such as on-screen channel and
time displays, digital tuning, and the
like.

MOS out front. Although they still
rank well below the mainstays like
signal transistors and transistor-
transistor logic, metal-oxide-semi-
conductor devices will lead the
growth list next year, predicts Hel-
muth Schuett, a Siemens market
researcher. He predicts the West
German market for MOs and com-
plementary-MOS circuits next year
will be triple the 1975 level, which
reached $22 million.

An even steeper rise—a quadru-
pling from 1975 to 1977 —is in store
for microprocessors. That would put
the level in Germany at more than
$14 million. For all of Western
Europe, the figure totals some $50
million.

So it’s little wonder that all the
U.S. and West European heavy-
weights in semiconductors will be
scrambling hard at Electronica to
woo customers and win shares of the
fast-growing market. O

The American way. Teradyne booth at 1974 show is typical of the stands of U.S.
manufacturers. American firms are placed in a single area.
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Probing the news

Semiconductors

Keeping an eye out for counterfeiters

Makers, distributors, and buyers agree that major safeguards

are to know your vendor and tighten test procedures

by Larry Waller, Los Angeles bureau manager

For semiconductor manufacturers,
the sale of counterfeit semiconduc-
tors ranks as the industry’s most
nefarious practice. Almost everyone
involved gets hurt when cheap or
reject parts are mislabeled or
repackaged: the manufacturer whose
reputation suffers; the distributor
who gets blamed for handling them
(often unknowingly); the buyer and
the end user whose equipment might
fail; and, sometimes, the counter-
feiter who now and then gets
caught.

With the most recent storm over
counterfeiting still boiling—bogus
parts were uncovered in assemblies
for the Space Shuttle, and parapher-
nalia allegedly used to alter package
markings were turned up in Los
Angeles—a major question is: what
can potential victims do to protect
themselves? A survey of manufac-
turers, distributors, and users elicits
some basic procedures that, when
rigorously applied, are effective. In
fact, several sources say that letting
down their guard caused some users
to get burned.

The bedrock recommendation,
proclaimed by big semiconductor
users to be more important even
than testing and inspection, is ‘“know
from whom you’re buying.” While
such advice might sound simplistic,
ignoring it is perilous, officials agree.
Roger Borovoy, vice president and
general counsel at Intel Corp. of
Santa Clara, Calif., observes that
some customers try to bypass the
traditional distributor ““to save mon-
ey or for faster delivery. That is
where they get into trouble.”

Even the big military-systems
firms, where large inspection and
testing staffs labor to insure quality,
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stress this principle. John J. Tamsen,
who manages reliability and main-
tainability assurance for the aero-
space groups of Hughes Aircraft
Co., Culver City, Calif., calls distrib-
utor relationships the real key to a
company getting what it pays for.
Hughes goes as far as running
quality audits on distributors, which
include actually watching how parts
are broken out of large batches and
handled internally.

Another military-space contrac-
tor, TRW Systems Group of Redondo
Beach, Calif., performs quality sur-
veys of distributors that lean heavily
on how well the distributors’ trace-
ability codes document a part’s path
from manufacturer to user. “The
best protection is to buy from a
major vendor and keep up your
surveillance,” a TRW procurement
official advises.

It works. One major distributor,
Cramer Electronics Inc. of Newton,
Mass. confirms that this technique
works, and that large-volume cus-
tomers keep a vigilant eye on its
internal operations. Inspectors come
in periodically, ‘“concerned about
semiconductors more than any-
thing,” a spokesman says.

Also, Cramer buys only from
manufacturers and will not sell any
product that doesn’t originate from
the manufacturer. The result is a
record unblemished by phony com-
ponents, the spokesman claims.
Another distributor, Hamilton-Av-
net of Avnet Inc., New York, N.Y.,
says it has protective procedures but
won’t describe them.

Right behind knowing your ven-
dor is testing, the thoroughness of
which is largely governed by ex-
pense. At the upper end of the semi-

conductor cost spectrum— micropro-
cessors and custom integrated cir-
cuits—buyers are willing to pay for
reliability. Beckman Instruments
Inc., Fullerton, Calif., for one,
screens and tests each 1C, and has
since 1971.' The firm even has an
independent testing laboratory do
96-hour burn-ins of all parts. “It
adds to the cost,”” notes Robert
Appel, reliability specialist, “but it’s
worth it.”” Part failure rate in
assembly is down to one-tenth of the
4% prevailing before outside testing
was started.

For cheaper, commodity-type de-
vices, such as transistors, resistors,
and capacitors, even the large
systems houses mostly stick to a
sampling approach. Rockwell Inter-
national Corp.’s Autonetics Group in
Anaheim, Calif., which found some
faked transistors aboard the Space
Shuttle [Electronics, Oct. 28, p. 59]
has tightened its procedures consid-
erably. For the most part, it sticks to
buying from franchised distributors,
but, when going to an alternate
source, the firm demands certifica-
tion of source and testing. Then
random destructive testing is done
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on ‘“an appropriate sampling plan
based on normal statistical prac-
tices,” according to a spokesman.

While large-volume consumer
product manufacturers would seem
to be prime counterfeiting targets,
this does not seem to be happening.
“We have seen no examples of coun-
terfeit parts,” says James R. Smith,
director of quality and reliability for
RCA Corp.’s Consumer Electronics
division in Indianapolis. “On occa-
sion, when we try to buy something
through a jobber, he’ll send one
manufacturer’s part when we’ve
ordered another’s. But nothing has
been misrepresented.”

This record is largely due to
rigorous incoming inspection proce-
dures instituted by RCA and other
television manufacturers. “We
‘fingerprint’ a part before we qualify
it,” Smith says, “and our incoming
inspection, based on samples, is
almost an ongoing qualification. In
addition, we dissect almost 100% of
failed devices and also track parts
through production by, not only the
date codes, but also the batch
numbers.” This routine analysis is
good enough to uncover changes in
die placements or in process tech-
niques.

Dumping hurts. An industry prac-
tice that contributes to counter-
feiting is dumping by the manufac-
turer of surplus or rejected parts,
which become stock for the fly-by-
night dealer. This is most widespread
during business recessions. Some
semiconductor firms are recognizing
the short-sightedness of that custom,
and many will not sell surplus parts
because “the counterfeiters would
take them and brand them,” as
Intel’s Borovoy says.

Among the majors, both Intel and
Fairchild Semiconductor, Mountain
View, Calif., say they are developing
internal techniques to prevent coun-
terfeiting, but decline to describe
them. But they and other Bay-Area
semiconductor firms are said to be
looking at some exotic countermeas-
ures. One is introduction of tracer
elements inside the package, to
quickly identify a suspicious batch of
parts. Others are marking them with
a multitude of codes top and bottom
or stamping on the lead frame to
make remarking by anyone much
more difficult.
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Now, a single inte-

grated circuit, our TAD-32 (Tapped Analog
Delay), can provide filtering with passband-
to-stopband ratios of 40 DB or more per de-
vice. Simple variation of the clock sampling
rates over 5 decades will accordingly shift a
given filter characteristic. Transversal or
recursive filters can be constructed with over
60DB dynamic range and linear phase.
Tapped delays up to several hundred milli-
seconds are possible.

Discrete time analog
signal processing using charge transfer de-
vices is a reality at RETICON.

The TAD-32 is just one
device in this growing family.

Wedon’t just talk about
them, we make them.

THIS DIP
DOES IT ALL.

TAPPED DELAYS
MATCHED FILTERS |
CORRELATION
CONVOLUTION

AARAARARRRRARARA;
RETICON

910 Benicia Avenue, Sunnyvale, California 94086
PHONE: (408).738-4266 TWX: 910-339-9343
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Probing the news

Low-priced DM to ta w road

Digital meters are expected to replace some analog units

as prices drop and to find way into new applications

by Andy Santoni, Instrumentation Editor

The digital panel meter, heralded as
the long-awaited digital replacement
for analog instruments or as the
wedge into new markets for the
meter makers, may turn out to be
both. The latest ppms are still too
expensive to replace analog de-
vices—but price-competitive instru-
ments may not be far off as semicon-
ductor makers bring out new, lower-
cost DPM chips.

Meanwhile, the bppm field is
becoming segmented as the analog
market did several years ago, says
William Weir, marketing vice presi-
dent at Weston Instruments Inc. in
Newark, N.J. “Right now, we have
two strong DPM segments: the clas-
sical high-priced, high-performance
unit [selling for about $70], and the
new, much lower-priced [about $40]
and lower-performing ppM. [ don’t
believe the lower segment is going to
have any measurable effect on the
higher-priced area, nor do I see the
$40 ppM having a measurable effect
either on the $10 or the $40 analog-
panel-meter segments.”
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Agreeing that the new low-priced
DPMs won’t replace analog instru-
ments, Fred Katzmann goes a step
further. Katzmann, president of Bal-
lantine Laboratories Inc. in Boonton,
N.J., says, “it appears there might
be a new market developing for
them.” Although he, like his oppo-
site numbers in the highly competi-
tive instrument business, is reluctant
to specify these new analog applica-
tions, they probably include micro-
processor-based instrumentation.
That’s because the digital output of
the more expensive DPMs analog-to-
digital converter is not needed in
such uses.

At Simpson Electric Co., Elgin,
I11., the thinking is perhaps typical of
meter manufacturers. While market-
ing director Irving Linker says, “We
haven’t seen any real impact on our
analog business from pPMs” —which
Simpson also makes—he agrees
that, as prices continue to drop,
digital units will replace analogs in
some places. “But there are some
large markets that will never go digi-

tal,” Linker maintains, naming trend
measurement as one. “It will be a
long while before they’re used in
battery-powered portable testers,”
he adds.
More coming. But Simpson will
expand its digital family. By the end
of this month, the firm will begin
shipping a $46, 3'/-digit panel meter
(shown above). It is accurate to
within * 1%, has automatic polarity
indication, and has 0.43-inch light-
emitting-diode readouts. The unit is
built around a one-chip a-d convert-
er from Motorola Semiconductor
Products Inc. Next year, Simpson
will add 3- and 4'/2-digit units.
Another pPM supplier with a low-
priced instrument is Analog Devices
Inc. of Norwood, Mass. Its 3-digit
AD2026, selling for $39 in hundred-
piece quantities, uses a custom inte-
grated-injection-logic chip from RCA
[Electronics, Oct. 14, p. 34].
Charles Hasley, national sales
manager at Newport Laboratories
Inc. in Santa Ana, Calif., sees DPMs
heading two ways: toward $20 mod-
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els for the analog replacement mar-
ket and toward higher-priced instru-
ments incorporating such functions
as scaling, digital outputs, and
systems interfacing. But price isn’t
the only consideration, he notes.
DPMs aren’t the same size as analog
meters, so panels have to be
replaced; they have printed-circuit
connector contacts instead of
threaded terminals, and they need a
source of power.

One major question still unan-
swered is just how far the semicon-
ductor firms now making DPM chips
and modules will go toward building
and selling complete meters. At
RCA Solid State, Somerville, N.J.
Robert Rauth, manager of industrial
linear IC market planning, says his
firm won’t make either modules,
which include conversion circuitry
and display, or complete packaged
instruments.

Texas Instruments plans to start
delivering samples of two chips
providing most of the circuitry
needed to build a 4'/-digit pPM. The
set, to sell for $15, consists of the TL
500, a bi-MO0s analog chip, and the
TL 502, an 1L logic control device.

All the way. But Fairchild Camera
and Instrument Corp., Mountain
View, Calif., takes a different
approach. Its Semiconductor divi-
sion makes light-emitting diodes,
transistors, and 1Cs for DPMs, and its
Instrumentation and Systems group
assembles these and other parts into
complete meters. The company has a
3'2-digit panel meter that uses
discrete transistors and sells for $60
to $70. It plans to introduce a
$30—9%$40 unit next year. Later, a
completely complementary-MoOS,
one-chip meter will be phased in.

National Semiconductor Corp.’s
Jerry Zis, product marketing man-
ager, says, “We plan to supply 3'2-
and 4'-digit modules by the middle
of next year.” The module would
have to cost $10 to $15 so that a
finished meter could sell for $30 to
$40. Zis says the Santa Clara, Calif.,
company doesn’t plan to get into the
finished meter business. And Sili-
conix Inc., which makes two DPM
components, plans to remain a com-
ponent supplier. “The display is a
major part of the cost of a pp™m,”
says Art Fury, marketing vice presi-
dent, “and we don’t make them.” []
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The cool one
from Tecnetics
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55% efficiency in a 25 watt DC to DC Converter

Why pay for useless heat when you want
power? That's the philosophy behind the
new high efficiency 1200 Series 25 volt
regulated converter from Tecnetics.

With efficiency as high as 55% at full
load under normal conditions, an integral
heat sink, improved circuitry and a black
anodized aluminum case, this converter
operates within a range of —20°C ambient
to +100°C case temperature.

Available with a single output, this
serigs features full input-output isolation
to 500VDC allowing the user to change
polarity and prevent ground loops. Com-
pact size and sturdy barrier strip terminals
make this the perfect converter for a wide

variety of military, industrial, aerospace
and telecommunication applications.

For more information on the 1200, and
hundreds of other power supplies, write
for our 26 page catalog.

SPECIFICATIONS: 1200 Series 25 watt
DC to DC converter

Inputs: 12 =2VDC to 48 +=6VDC
Outputs: 12, 24, 28 and 48VDC
Dimensions: 5" x 4.1"x 1.25" (typ)
Weight: 16 oz.

Price: Single Output—$198.00

tecneucs :?'he Power Conversion Specialists P.O. Box 910,

1625 Range Street, Boulder, Colorado 80302 (303) 442-3837 TWX 910-940-3246

Circle 79 on reader service card

CAREER
OPPORTUNITIES

Usually the best opportunity to grow in your field lies within your
present company. You have made an investment in them.

They have an investment in you.

But occasionally the best opportunity lies somewhere else.

No one can decide but you.

Companies looking for good people run their recruitment ads in
our Classified Section in the back of this magazine. Perhaps you'll
find an opportunity there that’s worth following up.
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Probing the news

Companies

Cybernet expects to stay on top

Haruki Tomonoh, president of the leading supplier of CB radios,

pins hopes on automated production and wide distribution

Well before the post-oil-crisis boom
in citizens’ band transceivers in the
United States, Cybernet Electronics
Corp. of Kawasaki, Japan, set out to
establish itself as a leading supplier.
In a year’s time, a combination of
good luck and good timing have
made the company number one with
40% of the ¢B market (according to
Japan’s Electronic Industries Asso-
ciation), despite the previous posi-
tion of well-known firms, the over-
night entry of some 200 newcomers
and the fact that not a single set that
it manufactures bears the Cybernet
name.

But since the Federal Communi-
cations Commission has announced
the expansion of B frequencies from
23 to 40 channels in January and the
simultaneous imposition of stricter
compliance regulations, the trans-
ceiver market has been in a turmoil.

An interview in Japan with com-
pany president Haruki Tomonoh
provides some insights into how
Cybernet gained its position and how
the firm hopes to stay on top.

Q. How would you describe the state of

the citizens’ band transciever market?

A. There has been much confusion
because we have to wait until
January to sell the new models. I
don’t think the rcc fully understood
the impact its decision would have
on the market. Sales to dealers of
23-channel models have almost
stopped.

Nevertheless, we estimate there
will be a total of 20 million units sold
in 1976. After that, demand should
reach a level of about 10 million
units a year. The change to 40 chan-
nels will change the makeup of the
competition. By mid-1977 the num-
ber of companies making trans-
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ceivers will probably drop to half the
present number.

Q. Is the United States the only CB
market; can’t you look elsewhere
around the world to expand your
sales?

A. There are three factors that make
a B market: a large land space, a
large population with buying power,
and freedom of communications.
Only the U.S. has all three.

Q. What effect will auto companies
installing transceivers as original equip-
ment have on Cybernet’s business?

A. We see in-dash CB as two possible
products: First as a unified ¢B and
a-m/fm combination produced for
the auto companies and second as a
separate CB kit or part supplied to
the regular auto-radio makers to put
into their combination radios. Both
products need high volume — perhaps
500,000 units a month—to bring
down the cost of the 1Cs used to
make in-dash units as small as possi-
ble.

Q. How do you account for the rapid
growth of Cybernet?

A. Most people believe that the oil
crisis brought about the boom in CB

radios, but it was only the trigger.
Before the boom, we made a survey
to find out why CB was not growing
faster in America. We found that
people wanted to use this personal
form of communication but believed
that the transceivers were too com-
plicated. On the technical side, we
found that failure rates were high
and prices were also high.

Why did these conditions exist?
We found that, even though produc-
tion . quantities were limited, there
were many different models offered
by each manufacturer.

Starting with this survey, Cyber-
net made important changes. First,
we decided to design a transceiver
that would be easy to use. Then we
designed all our models around the
same circuit to simplify production
and provide room to cut costs
through volume. Finally, we set up
automated production lines to pro-
vide flexibility to expand capacity at
short notice.

Our first automated factory has a
capacity of 300,000 units a month
and employs 800 workers. Our
second automated facility has a
capacity of 250,000 units a month,
but has only 450 employees. We
have two other semi-automated fa-
cilities making the combined capac-
ity 900,000 units a month.

Cybernet’s sales channels in the
United States consist of automobile
companies, consumer-product com-
panies, CB specialists, importers, and
after-market auto-supply companies.
You have to have all five; otherwise
you miss a share of the market.
However, Cybernet will remain an
OEM supplier. With this marketing
arrangement, we couldn’t have our
own brand-name products. O
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Industry asked us for hundreds of

variations of these switches.

Evndently we're pushing the right buttons.

And we intend to keep
pushing them.

So that every time one of
your new ideas creates a design
problem, MICRO SWITCH will
be ready with the miniature
manual switch that solves it.

At last count, we offered
hundreds.

The Series 8 lineup of
miniature manuals includes
toggles, pushbuttons, paddles
and lighted or unlighted rock-
ers. They're UL listed at 6 amps,
125 VAC. And every one is
available in a low energy
version as well.

~ Choose terminal varia-
tions ranging from solder to
quick-connect to PC board or
wire wrap. There's also a choice
of panel and bushing-sealed
pushbuttons and toggles. And
non-threaded bushings on PC
mounted toggles. Even colored
sleeves and integral colored
tips for the toggles.

And of course, you'll
tind one feature you won't find
anywhere else —the quality
you've come to expect from
MICRO SWITCH. Series 8
switches are inspected to a 1%
Acceptable Quality Level
(AQL). .
That's quality you can
put your finger on.

For your immediate
product needs, see your nearest
MICRO SWITCH Authorized
Distributor. If you have other
requirements, contact a
MICRO SWITCH Branch
Office or call 815/235-6600.

MICRO SWITCH

FREEPORT.ILLINOIS 61032
A DIVISION OF HONEYWELL

MICRO SWITCH products are available world-
wide through Honeywell International.

Circle 80 for Data,
Circle 111 for Salesman call.




If you think Mostek’s
only industry standard memory
is the 4K RAM, forgetit!

Our 4116 was setting standards even
before it hit volume production. It's the smallest,
fastest, most flexible and reliable 16K RAM in
the industry. These are strong claims, but we've
got the facts to back them up.

Speed/Power. We have the industry’s two
fastest 16K RAMs: The MK4116P-2 at 150 ns
access time and 375 ns cycle time. And the
MK4116P-3 at 200 ns access time and 375 ns
cycle time. Max power ratings are 462 mW
active and 20 mW standby.

Easy to Use. Mostek’s 4116 features
+10% tolerance on all power supplies (+12V,
+5V.) This is a Mostek exclusive but you should
expect it from all of your memory suppliers.
Also, the 4116 features Schottky-TTL com-
patibility for truly high performance systems.

Unlatched Outputs. You asked for it, you

got it. And the reasons are self-evident: A
common |I/O data bus. Full control of data out,
thereby controlling the length of valid output
time. Extension of page mode boundaries
beyond the 128 column locations in a single
chip. And two methods of chip select.
Operation Flexibility. The 4116 offers
greater versatility in operating modes — read,
write, read-write, read-modify-write, and page
mode. The unique page mode allows for
successive memory operations at multiple
column locations of the same row address.
Access time during page mode is just 100 ns for
the MK4116P-2 and 135 ns for the MK4116P-3.
Reliability. Mostek memories are recog-
nized as the quality standard throughout the
industry. And for good reason. Every memory
circuit we make — and that includes the 16K
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RAM — goes through an arduous series of
screens and stresses: Full parametric pre-
burn-in testing. Temperature cycling.
Centrifuge. Dynamic burn-in at 125°C. And final
test at high temperature with wide guardbands.
Want proof? Ask our customers.

Processing. Mostek’s state-of-the-art
POLY-II™ process (double-level polysilicon) is
an evolution of the N channel, silicon-gate
process — the same process used with our
high-performance 4027 4K RAM. And POLY-II™
s now a production-proven process.

Chip Size. At 122 mils x 227 mils, Mostek’s
4116 is the smallest in the industry. 22% smaller
than Intel's and 59% smaller than Tl's.
Remember, smaller chip sizes mean increased
manufacturing productivity.

Mostek is the recognized leader in 16-pin
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4K RAMs, shipping more 16-pin 4K’s than all
other manufacturers combined. This same
production know-how will make Mostek the
industry’s largest producer of 16K RAMs in 1977.
How about alternate sources? Eleven other
manufacturers planning to build 16K RAMs are
designing for pin compatibility as well as
functional compatibility with Mostek.
There are lots more facts on Mostek’s industry
standard 16K RAM. Just drop a note on your
letterhead or call your Mostek sales representative.

1215 W. Crosby Rd., Carroliton, Texas 75006
214/242-0444

In Europe, contact

MOSTEK GmbH, TALSTR. 172, 7024 Filderstadt-1
West Germany

Telephone: (0711) 701096

Circle 83 on reader service card




NEW FROM KEITHLEY:
TWO “BEST BUY” DMMs.

ey

EINIM




Advanced features are found in both these general-purpose DMMs:

Clear, bright
1/2-inch digits

5-function
capability

-@

30000 count
display
Superior speed:
3 readings

per second

Outstanding
basic accuracy:
*=0.01% *=1digit

Lighted
function
indicator

Calculator/
computer
compatible

2 or 4-terminal
resistance
measurement

Automatic

or manual
ranging on
all functions

Take a look at the remarkable features of the
new Keithley Digital Multimeters. They're
unmatched in the industry.

Now consider price. At $499 we think you'll
agree the Keithley 172 is the best buy in a
general purpose 4%-digit DMM.

There isn't another 4% that matches the
price-performance value of the 172. Except for
its higher-rated companion, the Keithley 173.

For $499: the exceptional 172.

To begin with, you get a dependable, durable,

portable, easy-to-use, autoranging instrument

with five functions. Designed for research,

engineering or production applications.
Measure from 10 microvolts to 1200 volts dc,

10 microvolts to 1000 volts ac, 10 milliohms

to 300 megohms, 10 microamps to 2 amps,

ac or dc. DC accuracy is 0.01% = 1 digit.
There's more: 3 month recal cycle. No-

nonsense, full-year guarantee on parts,

workmanship, and specs. 30000-count display

yields maximum accuracy for 15, 18, 24 and

28-volt measurements.

For $625: the even more exceptional 173.

The Keithley 173 is our top-rated 4'%-digit DMM.
It gives you all the performance and accuracy
of the 172 plus superior autoranging current
measurements from 10 nanoamps to 3 amps.
This makes the 173 the most complete and
versatile general purpose 4'-digit DMM in the
world—at any price.

More versatility. Now or later.

Options and accessories expand the 172 or 173
to your specific needs: Rechargeable battery
pack you can buy now or add later. Digital
output/control. RF probe. 50-amp shunt. Clamp-

\

® Hi-Lo ohms

on ammeter. High-voltage probe. Rack mount
kits. Test lead sets. Carrying case. IEEE 488
interface.

Make this easy decision.
For most 4%-digit DMM applications, the new
Keithley 172 is your best buy. When you require
more current measuring capability, the 173 is.
For convincing proof, send for detailed specs
or request a demonstration. Or if you're already
convinced, send your order to: Keithley Instru-
ments, 28775 Aurora Road, Cleveland, Ohio
44139. (216) 248-0400. Europe: Heiglhofstrasse
5, D-8000 Munchen 70, West Germany. (089)
7144065.
DMMs for all your needs.
We know you have a variety of measurement
requirements. So we offer a growing family of
DMMs to meet your application and price
objectives. Send for details.

3% digits 472 digits 572 & 6% digits

Model 168 Models 172 and 173 Model 190

General purpose. Two “Best-Buys®' Multi-function.

Low cost. Model 171 Low cost.
Model 160B 1 1V sensitivity. Model 5900

14V and 10 pA 5-functions. 0.001% accuracy.

sensitivity. Model 174 High stability.
Model 616 0.1 «V sensitivity. Model 6900

Super-sensitive.
0.1 pA full-scale.

(coming soon)
Model 180
30 nV sensitivity.

Accuracy, stability
and sensitivity
measured in ppm.

KEITHLEY

The measurement engineers.

For Demonstration, Circle # 84

For Technical Data, Circle # 85



Technical articles_____

From photons to kilowatts:
can solar technology deliver?

Lower-cost, more efficient solar cells are crucial, says Part 1
of this two-part report on photovoltaics today

by Joel duBow, colorado State University, Fort Collins, Colo.

[J The direct conversion of sunlight into electrical power
promises to provide energy that is both abundant and
inexpensive. Although it’s not a viable worldwide busi-
ness yet, photovoltaics for terrestrial use is developing
fast as a technology. And because of all the recent
encouraging progress in the U.S., Japan, and Europe
(see p. 92), it’s quite possible that multimegawatt power
plants based on solar light energy will be operational by
the turn of the century.

Solar cells are the key

The success of photovoltaic power systems depends on
the availability of solar cells that are sufficiently
economical and efficient. Since solar cells represent the
first stage in converting sunlight to usable electrical
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power, overall systems costs are especially sensitive to
the price and performance of the cells themselves and
their associated hardware. In fact, even small changes in
cell efficiency or cost can have important implications
for system efficiency and cost.

Outlook is bright

Significant advances are being reported. The cost of
conventional solar cells has been cut in half, and many
new and promising types of cells are being developed. In
the concerted effort to obtain economical power from
them, even research bordering on technologies formerly
considered esoteric is being brought to the forefront.

However, the present cost—approximately $15 per
peak watt—of photovoltaic arrays is still 30 to 50 times
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too high to compete with fossil fuels. An order-of-
magnitude reduction in individual-cell and array costs by
1986 is the present goal of the U.S. Energy Research
and Development Administration, and some recent
projections indicate that this goal could well be
achieved.

Reviewing solar-cell basics

A solar cell is actually a semiconductor photodiode
that is optimized to convert sunlight into electrical power
efficiently. Although a diode is the oldest form of
semiconductor device, much is still unknown concerning
its performance limitations— particularly when it is used
as a photoconverter.

Every solar cell has seven basic elements, as the
structure of a typical device shown in Fig. la makes
clear. It consists of a base material that forms one side
of the junction, a diffused or deposited region that forms
the other side of the junction, an anti-reflection coating
to boost efficiency, front and back contact grids to
reduce series resistance, and a transparent adhesive and
cover glass to improve the environmental stability of the
cell.

Figure 1b illustrates the electrical characteristics of a
typical cell. In the absence of light, the device behaves as
a conventional junction diode. But when illuminated, it
exhibits a reverse current (Isc) without the application of
an external voltage and generates a voltage (Voc) even
with no current flowing. That fraction of the maximum
output power (Vgoc X Isc) available for delivery to a
load is called the fill factor.

The traditional base materials for solar cells are
silicon (Si) and cadmium sulfide (CdS). But a number of
other possible semiconducting materials are being
explored, including gallium arsenide (GaAs) and thin
films of indium phosphide (InP), amorphous Si, or
cadmium telluride (CdTe), as well as various combina-
tions of these materials.

Silicon cells are the most promising

Since Si is the most highly developed semiconductor
technology, it is the most promising material for solar
cells. However, even for optimized versions of present-
day technologies, Si solar cells cannot achieve the
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required ERDA cost goals. At this time, the cost of single-
crystal Si starting material is higher than the maximum
permissible cost of completed cells under current ERDA
targets. The miain research efforts going into reducing
the cost of current Si cell designs include lowering
materials costs, automation of device processing, and
development of low-cost materials like polycrystalline
and metallurgical Si. =

The most efficient Si cell is the nonreflecting structure
(Fig. 2a), which can yield efficiencies as high as 18%. It
has a textured upper Surface that collects a large
percentage of reflected light and minimizes the distance
photogenerated carriers must diffuse before collection.
However, this cell’s voltage output is lower than desir-
able, and its response to short wavelengths is limited.

Two other Si solar-cell structures look very promising
because of their potential for low cost and relatively high
performance. One is the heterojunction structure
(Fig. 2b), in which a thin layer of a semiconductor other
than Si is deposited on a Si base, forming a diode
between the two dissimilar materials. The other is the
Schottky-barrier structure (Fig. 2c) that is made by
depositing a thin metallic layer on the Si to create a
diode.

Heterojunction Si solar cells are made from tin oxide
(Sn0O,), indium oxide (In,0;), CdS, or gallium phos-
phide (GaP) deposited on n- or p-type Si. Efficiencies of
up to 10% may be achieved with SnO, on n-type Si, close
to 6% with CdS on p-type silicon, and as high as 12%
with indium-tid oxide on p-type Si.

Process simpler for heterojunction cells

Unlike the nonreflecting configuration, the hetero-
junction Si solar cell has no surface dead layer caused by
low-lifetime, highly doped, diffused regions. So, its
short-wavelength response is better, and its processing is
simpler, as well as amenable to continuous-flow manu-
facturing. However, the junction interface itself must be
carefully controlled because it critically affects device
performance.

The Schottky-barrier Si cell also features good short-
wavelength response. In addition, it does not require
processing at elevated temperatures. Efficiencies of up to
8% have been obtained with aluminum (Al) as the

CURRENT 4

DARK
CHARACTERISTIC

\V
il

VOLTAGE

i

ILLUMINATED
CHARACTERISTIC

]SC \

1. Typical solar cell. Essentially, a solar cell is a semiconductor photodiode. It is made up of seven structural elements (a), starting with a
base contact and topped by a cover glass. Electrically (b), it behaves like a conventional junction diode when not illuminated. But when
illuminated, it develops a small electrical signal, even though no external bias voltage or current is applied.
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2. Good efficiency with silicon. Solar cells based on Si provide
reasonable efficiencies—on the order of 15%—at reasonable cost.
Several variations look quite promising—among them nonreflecting
(a), heterojunction (b), and Schottky-barrier (c) structures.

barrier metal, increasing slightly to 8.6% when
chromium (Cr) is the barrier metal.

Heterojunction Si cells are particularly attractive
because they require only very small amounts of fairly
scarce materials. Since the top layer of a heterojunction
cell is typically about 1 micrometer thick, only a small
volume of a rare metal, like indium, is needed for a
comparatively large surface area.

Tandem cells boost efficiency

Additionally, heterojunction devices permit the con-
struction of tandem cells, which consist of two pn
junctions placed back to back. When a metal Schottky
barrier or another type of semiconductor junction is
deposited on the top layer of a heterojunction cell,
creating a tandem cell, photovoltaic conversion occurs in
both the top and bottom junctions.

If both junctions are suitably connected, the conver-
sion efficiency of each junction adds, so that efficiencies
as high as 40% are possible. Although no commercial
tandem structures are currently available, development
devices based on either Si or GaAs having conversion
efficiencies in excess of 25% are being investigated.

Variations look worthwhile

Both heterojunction and Schottky-barrier Si cells look
especially promising for implementation with low-cost Si
materials because both are deposited, rather than
diffused, structures. Diffusion is not possible with inex-
pensive ribbon or polycrystalline Si because the high
concentration of grain boundaries and defects in these
materials leads to uneven diffusion profiles, as well as
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3. Cadmium sulfide for low cost. Although they deliver efficiencies
of around only 6%, CdS solar cells are cheapest. They can be built on
inexpensive substrates, like plastic or glass, with a cuprous-sulfide
coating over either CdS (a) or cadmium zinc sulfide (b), or with either
indium phosphide or cadmium telluride over CdS (c).

junction short-circuiting. In general, heterojunction and
Schottky-barrier technologies require further develop-
ment before commercial devices become available.

Another variation in Si cells—oxide semiconductors
on Si—is starting to receive a lot of attention. These
devices combine the advantages of heterojunction and
Schottky-barrier structures. With indium-tin oxide,
which is highly transparent and also highly conductive,
efficiencies of up to 12% have been achieved with an
oxide-semiconductor-on-Si structure.

And interest in metal-insulator-semiconductor solar
cells is increasing. In these structures, a thin insulating
layer, only 10 to 20 angstroms thick, separates a metallic
layer and a semiconductor layer, which is usually Si. The
insulator must be thin enough to reduce the short-circuit
current only slightly, while yielding an increased open-
circuit voltage. Efficiency is somewhat higher than that
of Schottky-barrier cells. Both oxide-semiconductor and
Schottky-barrier devices are being built as metal-insula-
tor-semiconductor configurations.

Costs lowest for cadmium sulfide

Silicon solar cells combine reasonable efficiency —on
the order of 15%— with reasonable cost. However, recent
systems studies indicate that if solar cells were free,
conversion efficiency need be merely about 6% to
produce energy economically. If this hypothesis proves to
be true, then CdS cells may well fit the bill—they are
the least expensive of all solar cells, but have the lowest
conversion efficiencies, only around 6% to 8%.

Figure 3a depicts a typical CdS cell, consisting of
polycrystalline CdS deposited on an inexpensive glass or
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plastic base. The CdS is then covered by a coating of
cuprous sulfide (Cu,S). Although they are the least-
expensive solar cells on a per-unit-area basis, CdS
devices are plagued by low efficiencies and by stability
problems that reduce their effective lifetime.

At present, the efficiency of these cells is too low for
them to be viable options for terrestrial applications.
However, their low fabrication cost and the large body of
expertise developed about them over many years are
bringing about a number of other potentially viable
structures based on CdS.

Principally, three other configurations of CdS cells are
now being investigated —cadmium-zinc-sulfide (CdZnS)
devices (Fig. 3b) and cells (Fig. 3c) fabricated on single-
crystal CdS where the top layer is either InP or CdTe,
replacing the Cu,S coating of conventional CdS devices.
Efficiencies of up to 15% have been obtained from
CdZnS structures, close to 13% from cells coated with
InP, and up to 7% from those coated with CdTe.

Concentrating sunlight on gallium arsenide

One technique for minimizing the effect of solar-cell
fabrication costs on overall systems cost is to intensify
the sunlight that shines on a cell. For example, GaAs

cells are at least 100 times more expensive than Si
devices. However, if sunlight were concentrated by a
factor, say, of 1,000, then the combined costs of their
fabrication and the associated systems hardware could
be less than the cost of making 1,000 cells that operate
from unconcentrated sunlight. Moreover, concentrated
sunlight causes the cell to operate at an elevated temper-
ature, enabling it to convert both solar light energy and
solar thermal energy into electrical power for higher
overall systems efficiency.

Benefiting from solar thermal energy

On the whole, GaAs cells (Fig. 4a) are expensive
small-area devices that are useful primarily at high
concentration factors and elevated temperatures, which
can be up in the range of 250°C to 300°C. As shown by
the efficiency plot of Fig. 4b, for a concentration factor
of 1,000 suns, combined photovoltaic and photothermal
conversion efficiencies can be as high as 25%.

Although such overall efficiency numbers are impres-
sive, a number of feasibilty factors must be evaluated for
these GaAs concentrator cells, including their suscepti-
bility to environmental contamination, their perform-
ance in diffused sunlight, and the costs of maintenance
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4. For concentrated sunlight. The high cost of fabricating gallium-
arsenide cells (a) can be offset to a large extent by intensifying the
sunlight that shines on them. What's more, concentrating sunlight
raises cell operating temperature, so that both solar light energy and
solar thermal energy can be converted into electrical power. The
result, as shown in (b), is high overall efficiency.
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5. Low cost but not yet practical. Solar cells (a) made with thin
films of polycrystalline semiconductors on inexpensive substrates
hold the promise of reasonable efficiencies at low fabrication costs.
The curves (b) show the theoretical efficiencies achievable for
various combinations of substrates and semiconductor films, as a
function of the thickness of the semiconductor film.
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PERFORMANCE SUMMARY OF PRESENT SOLAR CELLS

and hardware. In general, these cells are being consid-
ered principally for use in central power stations, as
opposed to homes.

Conventional Si solar cells can also operate at concen-
trated sunlight levels, but the factors must be fairly
low—on the order of 10 to 25—or else special cooling
becomes necessary. However, it’s quite possible that
conventional Si cells, operating at low concentration
ratios with inexpensive hardware, may be the most
economical near-term photovoltaic technology for terres-
trial use.

What’s more, modifying the Si cell to a vertical
multijunction structure enables it to operate at concen-
tration factors as high as several hundred suns. Such a
structure consists of a string of vertically oriented junc-
tions formed by alternating adjacent regions of n- and p-
type Si. But the fabrication cost of these devices is rather
high, so—like GaAs concentrator cells—they are limited
to power-station applications.

Cost projections promising for thin films

Solar cells can also be formed with thin films of
polycrystalline semiconductors on inexpensive sub-
strates. If reasonable efficiencies are achieved, thin-film
cells could offer the low cost required for large-scale
terrestrial photovoltaic applications.

For a typical thin-film structure (Fig. 5a), the key
material parameters are grain size, grain orientation,
and device thickness. Since material grain boundaries
act as current sinks for photogenerated carriers, large
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Family Structure Efficiency voltage current density Fill factor Comments
(%) (V) (mA/cm?) (%)
conventional 12-16 0.55 35 73-76 cost now $15/W,
commercially available
nonreflecting 18 0.6 36 75 highest-efficiency
conventional cell
Silicon heterojunction 6i— 10 0.5 15— 25 0.5 — 07 still in research stage
' Schottky barrier 8- 10 055 24 0.67 =
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| T [ G [
| cuprous indium
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heterojunction 23 0.9 35 0.8 mainly for concentrator
: applications
Gallium 2
Sfsenide Schottky barrier 15 0.9 16 0.7 el e
semiconductor structure
Si on graphite 5 0.5 17 0.6 polycrystalline Si structure
| amorphous Si ' -
| onglass | 5.5 08 10 0.58
Thin-film | f — ; :
. | CdS on plastic 5.2 0.4 20 0.5 —
o2t i s 7.4 0.6 16 06 -
e aret s | e S I SSNRTS

grain sizes are needed to ensure reasonable carrier
collection efficiency. Moreover, a fibrous orientation,
with grains extending vertically throughout the thickness
of the film, is preferable to a more random orientation of
the semiconductor grains.

Figure 5b shows the ultimate achievable efficiencies
for various single-crystal thin-film structures as a func-
tion of film thickness. The minimum thickness of the
thin polycrystalline film depends on the optical proper-
ties of the material itself.

Thin films not practical yet

Many of the thin-film cells represented in this graph
are still theoretical devices. In practice, efficiencies of up
to 4% have been achieved with a 10-um film of CdTe on
glass, nearly 5% with a 15-um film of GaAs on Al, over
5% with an 8-um film of CdS on plastic, and up to 5%
with a 10-um film of polycrystalline Si on a substrate
made of graphite.

The table summarizes the performance of practically
realizable solar cells. However, most of the structures
listed here are still in the laboratory stage of develop-
ment. Only conventional Si cells are commercially avail-
able at this time, although conventional CdS cells may
soon also become available commercially. )
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Companies look
for ways to raise
solar-cell output

A specialized market exists,
but only volume production
will make energy from sunlight
competitive with fossil fuels,
says Part 2 of this special
report on photovoltaics

by Lawrence Curran,
Senior Editor
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[J Companies and governments the world over are
busying themselves with photovoltaic cells. Already
arrays of these cells are sitting on mountaintops, in
deserts, or on oil-rigs out at sea, turning sunlight into
electrical power at sites that cannot economically link up
with the conventional ac grid. But the goal is more
ambitious: photovoltaic energy that is cost-competitive
for routine power-generation applications.

The main obstacle to commercial success seems to be
not technology but the inability to produce efficient
enough cells in enough volume. On that both cell makers
and the U.S. Energy Research and Development Admin-
istration agree. But as to how soon that will change,
opinions differ.

The problem is being attacked from many angles.
Single-crystal silicon solar cells are still getting most of
the attention in the U.S. and abroad. Cadmium sulfide
and gallium arsenide are considered to be in the second
generation of materials that will emerge between 1980
and 1985, as are polycrystalline and thin-film silicon.
The conversion efficiency of silicon cells in production
quantities with good yields has inched upward from 10%
to 12% in the past two years. The use of sunlight
concentrators to boost array power output is fast
becoming attractive. And the price of a peak watt of
electricity generated by photovoltaic cells has been cut in
half —down to about $15—in less than two years.

ERDA is justifiably proud of that $15 figure (see
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1. Quantity counts. A new polycrystalline material from Wacker-
Chemitronic has enabled AEG-Telefunken to build experimental 10-
by-10 centimeter cells with 10% efficiency. Here eight are being
electrically welded into one module of a photovoltaic generator.

“ERDA’s position on photovoltaics,” p. 94). It beats the
agency’s original goal for this year of $20 per peak watt
and is the average ERDA is paying five companies for
silicon cells that will generate 130 kilowatts of power.
The price for a peak watt just two years ago was $30 and
had dropped to $21 in an earlier ERDA buy of 46 kw
worth of cells. Both procurements were part of the
agency’s low-cost silicon solar array project, which is
administered by NASA’s Jet Propulsion Laboratory,
Pasadena, Calif. And both procurements were won by
the same companies: Spectrolab Inc., Sylvar, Calif;
Sensor Technology Inc., Chatsworth, Calif.; Solar Power
Corp., Billerica, Mass.; M7 International, Arlington
Heights, 11I., and Solarex Corp., Rockville, Md.
Nevertheless, in announcing the 130-kw buy, Henry
H. Marvin, director of ERDA’s division of solar energy,
candidly pointed out that “we have a long way to go to
meet our 1986 goal of 50 cents a peak watt.” That price,
ERDA believes, will put photovoltaic energy in direct
competition with other energy sources. But that time-
table seems optimistic to some. To keep to it, says Joseph
Lindmayer, Solarex president, volume would have to
more than triple each year. “Volume is more than
doubling,” he notes, “but it still will not be a factor of
three unless there is some change we haven’t foreseen.”

A growing industry

The 130-kw procurement attracted 17 bidders, and
while Mobil Tyco Solar Energy Corp., Waltham, Mass.,
was not one of them, A.l. Mlavsky, its executive presi-
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dent, says that the number of bidders is a notable
achievement in itself, reflecting a considerable expansion
of the photovoltaics “industry.” Two years ago, such a
request for proposals probably would have drawn just
about five bids, says Mlavsky, whose company pioneered
the silicon ribbon-growing process now being used world-
wide by at least five other firms. And expansion of the
industry is precisely ERDA’s aim.

Another significant achievement, this one unaided by
ERDA, will take place early next year if Solar Energy
Systems Inc., which is 80% owned by Shell Oil Co.,
brings it off. The company plans to open a plant in
Newark, Del., for the production of arrays of cadmium-
sulfide cells capable of delivering more than 500 kw per
year of electricity at full capacity. That’s about two and
a half times the total power today’s terrestrial cells can
generate—and from a material that has not topped a
conversion efficiency of 8% even in the laboratory. It will
also represent the first time cadmium-sulfide cells will
reach the production stage, an accomplishment that’s
further in the future for gallium arsenide.

Is there a market for that much photovoltaic energy?
SES officials apparently think so, mainly in remote,
unattended applications. Like ERDA, president Steven
DiZio sees his ultimate goal —a production volume great
enough to support the generation of electricity at well
below §1 per watt—as 7 to 10 years away.

In Japan and Europe

Meanwhile, Japan Solar Energy Co., a joint venture,
is fabricating silicon ribbons under license to Mobil
Tyco. The goal is to produce ribbons suitable for evalua-
tion by cell makers this year, says technical director
Kenjiro Kimura. Capitalization of the firm is divided
among Kyoto Ceramic Co. (51%), Sharp Electric Co.
(24%), Matsushita Electric Industrial Co. (10%), and
Mobil Oil Corp. and Tyco Laboratories (7.5% each).

The 2% improvement in solar-cell conversion effi-
ciency in the U.S. and its 50% price reduction of the past
two years has been paralleled in West Germany by AEG-
Telefunken. Horst Fischer, who heads the company’s
solar-cell efforts, says his group is using low-grade
polycrystalline silicon. With it, the efficiency of volume-
produced cells at air mass zero has been boosted from
10.5% to 12.5%. That increase is the equivalent of
approximately 7.5% to 9% efficiencies at air mass one —
the standard atmosphere at sea level between the earth
and the sun. Fischer says the improvements have been
realized by obtaining higher yields from the production
process and by enlarging the cell area from 2 by 2
centimeters to 2 by 6 cm. (Laboratory results at AEG-
Telefunken are even more impressive: 15% efficiency
measured at an atmosphere of air mass zero, while with
an air-mass-one material the experimental cells shown in
Fig. 1 are delivering 10% efficiency.)

The French leader in silicon photovoltaic technology is
La Radiotechnique Compélec, the French components-
producing subsidiary of Philips Gloeilampenfabrieken,
which has an annual output of silicon cells for terrestrial
applications of 30 kw. That makes RTC one of the largest
producers in the free world.

To date, the preponderance of work in photovoltaics
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for terrestrial use at both RTC and its confreres world-
wide has drawn on experience gained in producing
silicon cells for space applications. That means single-
crystal semiconductor-grade material, which is becoming
more expensive all the time. According to Paul Caruso,
engineering vice president at Solar Power Corp., single-
crystal cell efficiency in production devices will rise to
15% in the next two years, as a result of reducing the
amount of light reflected off the cell, matching the
spectral response of silicon with junction depth, and
minimizing photon recombination on the cell’s back and
front. But in all probability, either cheaper material or
the use of concentrators —lens-like devices that intensify
the sunlight focused on arrays to boost the power output
and cut the amount of material required —will be needed
before photovoltaic energy costs can be brought down.

Toward lower-cost materials

Cadmium sulfide is by far the cheapest photovoltaic
material on a per-unit-area basis, and Solar Energy
Systems’ commitment to it is echoed by physicist Karl
Boer at the University of Delaware, also in Newark, Del.
He cites some important recent advances in the knowl-
edge of this material. Two years ago, not enough was
known about it to predict its theoretical efficiency; Boer
now says it is expected to be about 20%, although the
highest repeatable conversion efficiency achieved in the
lab has been 7.8% (Fig. 2). “We expect significant
breakthroughs in efficiency in the next few years,” Boer
says. The work at the University of Delaware is spon-
sored by the National Science Foundation under the
Research Applied to National Needs program.

Indeed, it is in the laboratory that most of the
important recent steps have been taken with all photo-
voltaic materials. Silicon-ribbon pioneer Mobil-Tyco has
an ERDA contract to refine what it now calls its edge-
defined film-fed growth (EFG) technique. In the past
year, reports executive vice president Mlavsky, the
company has progressed from making vertically drawn
1-by-2-centimeter ribbon cells with a 10% efficiency to
producing 1-by-4-inch ribbon cells that are 8% to 9%
efficient. He is quick to point out, though, that the
company is two to three years away from a commercial
ribbon product —last year merely gave his firm a better
understanding of the EFG process and the material.

Mlavsky probably sums it up best when he says that
the company’s EFG technique ““doesn’t produce pristine
single-crystal silicon. It’s not as good as Czochralski
material, but we can make solar cells with efficiencies of
10% plus with it, and that’s the bottom line.”

The list of companies with a parallel aim includes
major chemical firms like Dow and Union Carbide, as
well as Westinghouse, Texas Instruments, Honeywell,
and Crystal Systems Inc. in the U.S.; Ferranti in
England; Laboratoires d’Electronique et de la Physique
Appliquée (LEP); the Philips group research facility in
Eindhoven, the Netherlands, plus Matsushita in Japan,
among others (see “What other governments are doing
for photovoltaics,” p.96). Also active in this field are
Monsanto, the top U.S. silicon producer, and 1BM, which
is working on a ribbon process.

Westinghouse, for one, is bullish about being able to
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2. Next generation. Least expensive of photovoltaic materials,
cadmium sulfide has a theoretical 20% conversion efficiency. These
thin-film CdS cells, developed at the University of Delaware’s Institute
of Energy Conversion, have attained 7.8%, the highest yet.

cut the cost of high-grade silicon from $60 per kilogram
to $10 using electric arc heaters to reduce a silicon
intermediate to pure elemental silicon. The company has
an ERDA contract via JPL with that cost reduction as its
goal. But Westinghouse is still a long way from any kind
of demonstration. The initial award is for a nine-month
design and feasibility study, which would be followed by
an experimental demonstration and, ultimately, con-
struction of a full-scale demonstration plant that would
produce large-area silicon sheets suitable for solar
arrays. The study is a joint effort between the Westing-
house Research Laboratories, Pittsburgh, Pa., and the
company’s Power Circuit Breaker division.

Dow Corning Corp. has an ERDA contract with the
same goal as Westinghouse — production of solar-grade
silicon to sell for $10/kg. It, too, homed in on the electric
arc furnace after studying some 200 reactions for
converting sand or quartz into single-crystal silicon.
Texas Instruments Inc. is investigating a direct reduction
of silicon, working with a plasma technology that is not
as far advanced as the arc furnace. And Union Carbide
Corp., along with Battelle Columbus Laboratories, is
investigating still other processes for producing solar-
grade silicon (Fig. 3, bottom right).

Larger ingots

Another approach is under development at Crystal
Systems Inc., Salem, Mass., where the objective is to
produce much larger silicon ingots than has been
possible before. This effort, too, is funded by ERDA as
part of the low-cost silicon solar array project
[Electronics, June 24, p. 34], but is also in the early
stages. President Frederick Schmid says his company
will draw on extensive experience in growing large-area
single-crystal sapphire ingots to do the same with silicon.
Schmid believes his company’s heat-exchanger technique
will eventually yield single-crystal silicon ingots from
which wafers 6 inches in diameter can be cut. He calls
the process “directional solidification” and points out
that it differs from Czrochalski growth in that there is no
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ERDA'’s position

For fiscal 1977, the U.S. Energy Research and Develop-

ment Administration has budgeted about $65 million for
. work on photovoltaic energy. That's more than double
. fiscal 1976’s appropriation but still less than half the
r“ almost $160 million allotted to all fiscal 1977 solar-energy
| programs—the rest cover solar thermal energy, the solar

heating and cooling of buildings, and similar efforts.

K‘ There are also much larger Federal technology
| programs devoted to research and development into
L fission power, fossil fuels, fusion power, and the nuclear-
‘;‘ fuel cycle. Only energy conservation, environmental
g‘ control, and geothermal energy rank behind solar energy
. in funding among the eight major energy technology
programs in the Federal energy R&D budget.

With its $65 million, however, ERDA is sustaining a
broad program of research and development in photovol-
taics, its aim being to reduce the cost of collector arrays
from today’'s $15 per peak watt of electricity produced.
| The chief elements of that program concern:
| ®m Production of low-cost photovoltaic materials.
Large-area crystal growth.

Materials and techniques for array encapsulation.

Improved cell and array designs.

High-volume, cost-effective automated assembly tech-

. niques of production.

i The initial emphasis is on single-crystal silicon because

. of its abundance and the widespread use of proven

. techniques for producing large single crystals. But gallium
arsenide and cadmium sulfide are also being developed.

ERDA's timetable for achieving these objectives is, in

| outline:

| ®m Establishment by 1983 of pilot plants capable of
producing more than 5 million square meters of silicon
sheets per year at a value-added cost of less than $18 per
square meter.

on photovoltaics

m Establishment by 1984 of plants capable of producing |
approximately 2,000 metric tons of silicon material at a |
market price of less than $10 per kilogram. I
® Establishment by 1985 of plants capable of producing |
more than 500 peak kilowatts of encapsulated solar-array F
modules at a market price of less than $500/kW. |

Along the way, ERDA will establish a Solar Energy |
Research Institute to support the national solar-energy
program. The goal is to have the institute site selected by |
next January and to have whatever construction it requires |
completed by fiscal 1980. |

To date, ERDA’s investment in photovoltaic energy
development, though not large as Government funding
goes, far outweighs that of the private sector. Yet the
agency’s policy in its national plan for energy research, |
development, and demonstration clearly states that ‘“‘the !
private sector has primary responsibility for the develop-
ment and commercialization of new energy technologies.”’
Federal programs are intended to assist industry ‘‘in
accelerating the market penetration of energy technolo-
gies with near-term potential.”” However, until the cost of
photovoltaic-derived electricity comes down drastically,
the market for it will not take off in a big way, and for that |
reason there has been no big outpouring of private funds, |
except from some oil companies.

The problem, as ERDA says, is that today’s materials
and processing costs for photovoltaic arrays, are 30 to 50
times too high to be competitive with conventional
systems for almost all but remote-site applications. The
agency’s timetable fixes 1986 as the year in which it
hopes photovoltaic energy will become cost-competitive
with fossil fuels. But even so, unless priorities change or |
there is a huge influx of private funding, it seems unlikely
that solar-derived electricity will account for more than 1%
to 2% of this nation’s needs when the year 2000 dawns. ﬁ

pulling of the crystal as it grows upward and outward
from the bottom of a crucible.

At least one foreign producer of solar cells would like
to see efforts such as those at Westinghouse and Dow
Corning cut the price of U.S. silicon. Ferranti Ltd.,
Britain’s only maker of photovoltaic cells, is working on
a screening process to lower cell costs, but regards itself
as at the mercy of U.S. silicon makers. Peter Lilley,
product marketing executive at the Electronic Compon-
ents division, Gem Mill, Chadderton, Oldham, Lancs.,
notes that cheaper silicon would do a lot to lower the
price of cells. Nevertheless, the division is working on
silk-screen printing to cut the cost of cell making by
30%, Lilley says. It’s a way to get around such expensive
processes in semiconductor fabrication as photolithog-
raphy and evaporation, “replacing five processes with
one,” says Lilley, who won’t divulge more details.

Screening is also getting some attention at Matsu-
shita, along with chemical vapor deposition and vacuum
(evaporation) deposition. Indications are that screening
is the most economical.

Solar Technology International, Chatsworth, Calif.,
agrees and since January has actually been shipping
products using thick-film conductors on silicon cells 3
inches in diameter (Fig. 3, top). President William
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Yerkes says he chose screening on the grounds that it is
the cheapest way to put conductors on solar cells—they
embody a direct labor cost of only 15 cents per wafer.

One of the more novel processes for reducing cell costs
is being studied at LEP in France. A research team there
is trying to refine a method of dragging a ribbon of
graphite across the surface of a molten silicon bath so
that a layer of silicon carbide forms and the silicon layer
is chemically bonded to the ribbon. Depending on the
ribbon’s withdrawal angle, temperature of the melt and
pulling speed, the technique yields polycrystalline layers
ranging from 70 to 150 micrometers thick, with the
grains oriented almost parallel to the direction of pulling,
explains Jean Jacques Brissot, a member of the team.

LEP is also at work on what it calls a “black cell” that
would boost silicon cell conversion efficiencies to near
20% [Electronics, March 18, p. 48]. A textured front
surface cuts light reflection to about 10% without any
reflective coating, and a thin p* layer on the back sets up
an electric field that inhibits recombination of photocar-
riers on the back contact, cutting losses there. The black
cell is promising enough for RTC-La Radiotechnique
Compélec, to have undertaken a one-year program to
evaluate its commercial producibility.

LEP is not alone in its dip-coating approach. Honey-
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3. From the lab to the real world. Anticlockwise from right,
researcher at Battelle Columbus Laboratories is checking silicon cells
as part of a program aimed at reducing material and manufacturing
costs of photovoltaic devices. In production at Solar Technology
International is a 3-inch-diameter silicon cell that uses thick-film
conductors, shown here having lug welded to it. Pro

photovoltaic generator under construction at Sandia Laboratories will
have 135 Fresnel lenses to concentrate sunlight on 135 silicon cells.
The unit also produces 5—6 kW of solar thermal energy.
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Vhat other governments are doing for photovoltaics »

The governments of Japan, France, and West Germany
have recognized the potential of photovoltaic-derived
energy, and they are backing its development. In fact,
Japan had established a high-priority *‘sunshine project”
even before the U.S. Energy Research and Development
Administration was set up [Electronics, April 4, 1974,
p. 104].

By the turn of the century, the Japanese expect to have
spent between $3.6 billion and $7 billion on the project,
which they compare to the U.S. Apollo lunar landing
program in national significance. Like ERDA’s national
program, it includes solar, geothermal, and hydrogen
energy development, as well as the liquefaction and
gasification of coal.

The Sunshine Project is under the aegis of the Agency of
Industrial Science and Technology, which is attached to
the Ministry of International Trade and Industry (MITI). This
year’s budget for solar-cell R&D is about $1 million.
There’s also an effort in electrical-power generation from
solar batteries. Its first phase covers basic research and
will extend through fiscal 1980, and it will be followed by a

well’s Advanced Development Laboratories is working
on a proprietary process for dip-coating a ceramic
substrate with silicon. Paul Chapman, sensor section
head, reports that if ceramic is carbonized and then
dipped, a thin layer of silicon carbide forms to provide an
interface on which the silicon will grow; it won’t grow
directly on ceramic. “Our layers look similar to ribbon,”
he says. “We have large grains—centimeters long and
millimeters wide—rather than the micrometer-sized
grains found in polycrystalline material.”

The other approach to reducing the cost of photovol-
taic material is to use less of it. This is possible if more of
the sun’s rays are concentrated onto a smaller area.

ERDA is pursuing concentrator R&D through Sandia
Laboratories, Albuquerque, N. M. [Electronics, July 22,
p. 41]. Sandia’s work in photovoltaics is considered to be
parallel to, and not competing with, the silicon efforts
handled by JpL, but Sandia researchers feel their efforts
should be funded by ERDA more in line with JPL’s. Sandia
has about a quarter of the $12 million JPL got in fiscal
1976 out of ERDA’s then total photovoltaic budget of
some $22 million.

Concentrators yield multi-sun intensity

The Sandia team, headed by Jerry G. Fossum and
Edward L. Burgess, expects to use plastic Fresnel lenses
in conjunction with silicon cells with conversion efficien-
cies of 15%. Using 135 lenses and 135 silicon cells to
produce an intensity equal to that of 50 suns, they are
putting together a prototype array that will generate
1 kw of electrical power from sunlight (Fig. 3, bottom
left). Next year, Sandia will seek bids on a 10-kw
concentrator system with a view to operating a 100-kw
unit in 1978 at a price per watt of $1 to $1.50.

There are certain drawbacks to the concentrator
systems, however. Most of them must track the sun, they
must be cooled, and they depend on bright sunlight.
Tracking and cooling add to their cost, although the
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second phase that will be aimed at preparing companies
for production.

Many leading companies are involved in the solar-cell
portion of the project. Tokyo Shibaura Electric Co. is
concerned with the fabrication of single-crystal silicon
ribbons by vertical pulling, and Toyo Silicon Co. is doing
the same but by horizontal pulling. Nippon Electric Co.
and Hitachi Ltd. are working on a single-crystal equivalent
to silicon ribbon, the former using ion plating on alumina
substrates, and the latter using deposition on alumina |
substrates. Matsushita Electric Industrial Co. is studying |
compound cells using cadmium sulfide and similar
substances, while Sharp Corp. is focusing on complete
silicon solar cells.

The leading French agency in solar energy development
is Direction Générale de la Recherche Scientifique et
Technique, which has about $1 million a year earmarked
for photovoltaics. West Germany’s Ministry for Research
and Technology has allocated to photovoltaics some $2.2
million out of a total of $40 million to be spent on solar-
energy work from 1976 to 1980.

= e e e e e

Sandia team foresees beating JPL. to the ERDA goal of 50
cents per peak watt in 1986. They think this can be done
with existing concentrator technology, while they believe
the low-cost silicon solar array project will have to come
up with breakthroughs in materials and in fabrication
and automated assembly techniques to get there.

To progress toward that goal, Sandia has awarded a
$275,000 contract to RCA Laboratories, Princeton, N.J.,
to develop concentrator systems using silicon cells. The
contract calls for RCA to: deliver six 100-w demonstra-
tion units for use by Sandia and the U.S. Army; try to
improve the efficiency of silicon cells under high concen-
trations, and produce systems designs that can be manu-
factured in quantity at relatively low cost. The first two
demonstration units, to be delivered this month, use vinyl
plexiglass lenses rather than Fresnel lenses. For the lens
size and focal point RCA is using, the only suitable
Fresnel lenses have the grooved side facing the sun, and
the dust they would collect would block out some light,
explains Fred Sterzer, director of RCA’s microwave tech-
nology center. He adds that later systems may use
Fresnel lenses with the smooth side facing the sun.

In the 100-w concentrator systems for Sandia, RCA
uses 4-by-4-inch lenses in a 6-by-6-array for each of a
system’s three modules. Up to seven modules, each
providing upwards of 30 w, could be included in a
system generating about 250 w. Eventually Sterzer
hopes to get the cost of such a system down to about $2
per watt. Further, he envisions producing the lenses in
much the same way as phonograph records—by making
a master and pressing copies from it. “We could get the
cost per lens down to cents, but that’s after we would
first have to spend $200,000 to $300,000 to have a mold
made,” Sterzer points out.

Varian Associates, Palo Alto, Calif., is also developing
concentrator arrays but is using gallium-arsenide cells
with 20—22% efficiencies. John Heldack, marketing
director in charge of the concentrator project, says the
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company’s two-axis tracking array of 120 cells will be
completed next month. It will use a conical concentrator
with a mirror surface and will generate 1 kw. Heldack
says the concentrator will represent 80% of the system
cost, and because of that, Varian is carefully evaluating
slump glass and aluminum as concentrator materials.
The glass looks more economical, but the final choice
will be determined by the optical design limitations of
each material “and by what kind of accuracy we can
get,” Heldack notes. Funding for the work came initially
from the company but has since been supplemented by
three ERDA contracts.

ERDA is also funding concentrator development at the
Argonne National Laboratory, Argonne, Ill. A com-
pound parabolic concentrator made of acrylic holds out
hope for eliminating the need for daily sun tracking—
depending on how much concentration of sunlight is
desired, it might have to be moved only seasonally. Its
basic element is a vertical bar of solid acrylic. The bar
presents a flat rectangular surface to the sun, then curves
downward in a parabolic taper to a much narrower and
slightly shorter rectangle, which matches the shape of an
underlying silicon photovoltaic strip. With the bar, six
times as much sunlight is funneled onto the strip as
would reach it without the bar.

A 36-by-60 array of these bars has been built into a
panel having a 100-w output. Researchers at Argonne
are currently studying various plastics to cut its cost and
weight, and the laboratory hopes to have commercial
panels available within two years.

In Japan, Sony Corp. researchers report development
of a multiple-junction silicon cell with a multilayer
structure that uses a 1,000 X concentration. They say
cooling it is not a major problem because thermal
loading is less than in microwave power transistors. But
they still lack an efficient way to track the sun.

Photovoltaic products on the market

Clearly, there’s an abundance of R&D into reducing
the cost of photovoltaic materials and finished cells, but
even the efforts that succeed won’t bear fruit for months
or years. In the meantime, the market for photovoltaic-
derived energy is still limited mainly to applications
where a more conventional power source would be
difficult or prohibitively expensive to provide. Even so,
there are standard products on the market—mostly
arrays of silicon cells—that are doing useful work in
those applications. Solar Power Corp., a wholly owned
subsidiary of Exxon Enterprises Inc., has been selling
arrays for terrestrial applications since 1971. The Spec-
trolab division of Hughes Aircraft Co. has had arrays on
the market for about three years, and its 1975 spinoff,
Solar Technology International, has been shipping
arrays since January—profitably since July, according
to president Yerkes—while Sensor Technology, Solarex,
Ferranti, rRTC, and Nippon Electric also produce
commercial arrays. These arrays turn up at railroad
crossings, where they power the lights and warning bells,
on offshore drilling platforms, at desert water-pumping
stations, at remote television stations, and on microwave
repeaters (Figs. 4—6).

Solar Power Corp. has two basic types of arrays. The

Electronics /November 11, 1976

earlier has become a “commodity product,” according to
president Robert Willis. This module includes only five
silicon cell wafers, but many of them can be connected to
form a complete working array that sells for $34 a watt
now. A newer array with larger wafers develops 25 peak
watts at $14 per watt and was built under a JPL
contract to provide 15 kw. (The company also holds a
second ERDA contract for another 15 kw.)

Actual uses

Two Solar Power arrays are supplying photovoltaic
energy to a microwave repeater. The repeater, built by
GTE Lenkurt Inc., San Carlos, Calif., is undergoing field
trials in a common carrier link between Kayenta, Ariz.,
and Mexican Hat, Utah. The arrays charge lead-calcium
batteries that power the repeater. A GTE Lenkurt spokes-
person says the entire installation—arrays, batteries, the
2-gigahertz repeater—cost about $15,000 vs an esti-
mated $100,000 for the traditional “billboard” type of
passive repeater that would have been required.

A 6-v array from Sensor Technology Inc., Chats-

-worth, Calif., supplies power to nickel-cadmium batter-

ies in a domestic water meter marketed by Zurn Indus-
tries Inc., Erie, Pa. The batteries power the indoor
meter’s outdoor display. Solar Technology, also in
Chatsworth, makes an array of 33 to 39 cells. Designed
to charge a 12-v battery, it puts out 16 v at 1.2 amperes
and sells for about $15 per peak watt.

Soon to be introduced is a solar-powered hydrogen-
sulfide detector from Dictaphone Corp., Mountain View,
Calif. The unit will protect oil field and petrochemical
operating personnel from exposure to fatal concentra-
tions of hydrogen sulfide. Four of the detectors will be
monitored from a control box that will trigger a shut-
down of the well if hydrogen sulfide is sensed. “Solar-
powered alarms are cheaper than running a power line
50 to 75 miles,” says Greg Horn, engineering manager of
Dictaphone’s Gas Detection Products division.

Ferranti arrays, besides being used in the more
conventional applications, have also recharged batteries
in a transatlantic boat race. The basic Ferranti module
consists of 32 circular cells and sells for about $170 in
small quantities. Cables and Wireless Ltd. is testing
three 24-w Ferranti arrays powering an operational
repeater station in the Middle East “to see if they stand
the test of time,” says a Ferranti executive. The
customer, however, is also trying out gas-, diesel- and
wind-powered generators and may settle on a mix.

RTC’s standard array puts out 11 w at 25°C at a cost of
roughly $40 per watt. Six panels powered the automatic
pilot aboard Eric Taberly’s one-man Pen Duick VI in his
winning effort in this summer’s solo transatlantic yacht
race. But another RTC application is probably more
indicative of the niche that photovoltaic-derived energy
now fills. RTC has orders for “thousands’ of panels from
the builder of a water-pump system for desert regions,
Société Briau. The system is powered by 400 w of silicon
cells in parallel with a buffer battery, both controlled by
an electronic circuit. The pump, with a capacity of 2,700
liters per hour at a draw of 20 meters, is driven by a /3-
hp motor.

The system takes 4 —6 hours a day for 10— 15 cubic
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meters of water and is popular because it does
not drain the water table too quickly. A high-power
thermal pumping unit drains the well after a few minutes
in the desert regions near Algeria and Tunisia, where the
water table is 20—30 meters deep. The photovoltaic-
powered pump provides a slower, steadier flow, has low
maintenance, and costs about the same.

There have been some consumer products using photo-
voltaic-derived energy, too, but until recently they have
chiefly been novelties, such as solar cells used to charge
the batteries of electronic watches. Now M7 Interna-
tional, Arlington Heights, Ill., has introduced a silicon-
cell array that can be used to directly power small
appliances, requiring low current and up to 12 volts, such
as calculators, two-way radios, and portable radios, or
can be used as a battery charger [Electronics, Oct. 14, p.
30]. M7 is one of five winners in both the ERDA/JPL
procurements and got its start as a producer of custom
photovoltaic sensors for card and tape readers.

How is ERDA handling its tasks?

In the U.S., most of the incentive for developing
photovoltaic energy clearly comes from ERDA. Most cell
makers have contracts with ERDA and are understand-
ably reluctant to bite one of the hands feeding them.
There is some restiveness about policy, but no major
quarrel with the agency’s objectives and progress. Solar
Power Corp.’s Willis, for example, says ERDA is doing a
“reasonable job” of administering photovoltaic R&D, and
that JpL was a good choice to handle the contracts.
“They’re willing to listen, and they're reasonable
people,” he adds, “and they have us convinced that
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they’re interested in stimulating this market.”

Mobil Tyco’s Mlavsky thinks ERDA “is not doing a bad
job getting things started.” He testified before Congress
early this year on the Humphrey-Fannin bill, which
helped to more than double ERDA’s fiscal 1976 photovol-
taics effort to 1977’s $65 million. Mlavsky says that
scope for the program is appropriate, but believes more
than that should be allocated next year, “and a hell of a
lot more in fiscal 1979 because of the need to test and
demonstrate systems.”

ERDA’s own Morton Prince, chief of the photovoltaics
branch, acknowledges that the early low budgets have
attracted some criticism but points out that more money
is coming. The early studies, he says, ‘“are intended
primarily to give some guidance as to which materials
and directions we should pursue. After a year or two,
we'll reduce the number of directions and go after those
we've selected with a larger program. If 1 had more
money now,” he adds, “I would just undertake more
parallel approaches and get more performers in.”

Getting more performers in is one of the sensitive
points with the existing industry. The possibility that
some of the non-cell-producing firms now doing R&D on
JPL contracts could become competitors concerns Spec-
trolab, for one. “Let’s just say I'm apprehensive about
it,” says Spectrolab president Gary Wrench. “I hope
nothing happens to damage our demonstrated willing-
ness to invest in the field now that we’re getting our
production capacity cranked up.”

Mlavsky shares this concern, but ties it to
“background rights as covered by ERDA policy. These
are rights to company-funded developments that are
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4. Far from the madding crowd. Array of
photovoltaic cells in fields near Nelson, New
Zealand, turns sunlight into electrical energy
for battery-powered radio repeater.

then applied to an ERDA contract effort, which could be
compromised by the ERDA patent policy. In other words,
ERDA could require its contractor to license a potential
competitor before the licensor is in a strong enough
position to compete.

ERDA’s Morton is not convinced that this is a serious
issue. He has worked in several small companies, and
“the only way we kept alive was by working and staying
ahead,” he notes. “I wouldn’t even try to patent our
things to protect ourselves. It seemed to be a losing
proposition because we couldn’t afford to fight to main-
tain the patent. Even if we were successful, a company
would be down the tubes with the legal fees.”

Perhaps JrL’s Robert Forney manager of the low-cost
silicon solar array project, best articulates the dilemma
when he says that to bring material and solar cell costs
down, “we have to enlarge the capacity of the industry.
One of our biggest problems is how best to optimize the
expansion of that industry.” To achieve those goals, JPL
believes it’s mandatory to bring in those companies that
offer vast technological resources and perhaps new
approaches to the problems.

Contributions to this special report came from Margaret A.
Maas, former Industrial Editor, and field editors Larry
Waller, Larry Armstrong, Bruce LeBoss, Judith Curtis, Ray
Connolly, John Gosch, William F. Arnold, Arthur Erikson,
and Charles Cohen.
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5. The size of things to come? Powering a communications link on a mountaintop in
southern California is a solar-energy conversion array from Spectrolab. Approximately 900
square feet in area, the array produces well over 3 kilowatts of peak power. A big advantage
of this kind of power source is that it can be left unattended.

6. In operation today. This array of photovoltaic cells is in process
of being installed on an offshore oil platform out in the Gulf of Mexico,
where its job will be to supply energy to the batteries that power the
rig’s navigation lights and also its foghorn.
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signer’s casebc

Digital combination lock
is virtually crackproof

by Dale Platteter

Naval Weapons Support Center, Crane, Ind.

All the sandpaper in the world wouldn’t help a safe-
cracker open a 15-digit combination lock with the elec-
tronic “tumblers” described here. In fact, it could take
more than a million and a half years to generate the
correct code, if combinations were tried at the rate of
one every 10 seconds.

Would-be thieves are further discouraged by the auto-
matic reset of the circuit on entry of any incorrect
number —which requires that the entire sequence be re-
entered and thus disrupts any orderly trial-and-error
approach. In addition, the 512-by-4 bit programable
read-only memory that stores the correct combination
has room for as many as 32 easily selectable combina-
tions, enabling the code to be changed periodically.

The circuit compares the combination entered with
one stored in memory, a digit at a time, and latches a
transistor-transistor-logic output high after the entire
code is correctly entered. The reset button is pushed
before the combination is entered to ensure that the lock

is ready for entry of the first digit. The operator also
presses it to start over after he thinks he may have made
a sequence error.

Only eight possible inputs—the reset and seven
numbers—may be encoded, because the binary words
representing each are 3 bits long. But it’s a good idea to
use a standard 0—9 push-button array and allow one,
two, or all three of the spare buttons (0, 8, and 9 in this
example) to serve as reset. This increases security of the
lock, since no unauthorized person will know which
button to push for reset.

Integrated circuits IC,—IC, in the figure are quad
NAND gates connected as R-S flip-flops to debounce the
single-pole, double-throw push buttons. The entered
numbers are encoded by 1Cs, a Monolithic Memories Inc.
type 5301 256-by-4-bit PROM programed according to
the truth table -in Table 1. This chip was selected to
simplify programing, because its background is
initialized to logic 1 and the reset code of 111 means
most of the addresses will be logic 1s. The unlocking
codes are programed into the combination memory, 1Cq,
an MMI type 5306 512-by-4 bit PROM.

Shown in the figure are code-selecting switches that
determine the 5 most-significant bits of the address-data
inputs (A4 through Ag) and hence, which of the possible
32 combinations is selected. The five data lines may be
programed from a remote location for the temporary
exclusion of particular “key holders,” or just to change
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Maximum security. A total of 13 integrated circuits is used in this digital combination lock, which requires a sequence of 15 digits to open.

The design permits easy changing of sequence length and number of possible digits, and the memory stores up to 32 combinations.
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- Output
Binary 5 Comments
Decimal
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(G0 T ) Y T i 127 o L T Reset
G O O Error input—

—All remaining addresses— resat

the combination in the interest of security.

Timing of the circuit is controlled by two monostable
multivibrators. When any button or combination of
buttons is pressed, the MSB output (Q,) of the code-
converter memory, ICs, goes high and triggers the first
monostable, 1C;. The rising edge of its Q output latches
the binary word at the output of the combination
memory, ICs, into the holding register, 1Co, a 4-bit
programable binary counter. After 375 nanoseconds, the
rising edge of the Q output of I1C; triggers the second
monostable, ICs.

While the Q output of 1Cy is high, which occurs for 165
ns, a 4-bit magnitude comparator I1C,,, compares the
entered and stored words. If the words of ICs and 1Cq are
identical, the A =B output of the comparator will go
high, incrementing the program counter, IC;,, another
4-bit binary counter, through the NAND-gates. If the
words differ, the program counter is reset, and the entire
combination must be entered again.

Upon entry of the correct combination, the program
counter advances 15 counts, and the carry output goes
high. This is the unlock signal, indicated by a light-
emitting diode. It can drive external TTL circuits, or may
be buffered to control a solenoid-operated lock.

The program counter could assume any initial state
when power is applied. To prevent opening of the lock
when power is periodically interrupted, a power-on reset
circuit made up of the R;-C, charging network and a
buffer clears the program counter for the first few
milliseconds.

If less security is permissible, the circuit may be
simplified to keep down the component count and cost. A
priority encoder such as the 74147 may be used in place

PROM provides linear
or logarithmic display

by John Brady

Applied Research Laboratories, University of Texas, Austin, Texas

A read-only memory, programed so that its output words
are logarithmically related to the input address words, is
useful for displaying a logarithmic response in digital-
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