OCTOBER 27, 1977
ANNUAL TECHNOLOGY UPDATE ISSUE
Growing families of complex digital chips strengthen
the microprocessor’s hold on new developments/90
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at Carbon Prices.

Just when you thought “low cost” also meant “low performance”. alg
the dazzling new Bourns® Model 3355. Compare it to the CTS 201, Mepe
or Piher PT15. Qur revolutionary conductive plastic element vs. their carbonv T
fact is we outperform them all. To prove it, we spec important characteristics -
such as CRV at 1% and a TC of 500 PPM/°C . . . the others don’t. And only the

3355 has board-wash capability, a UL-94V-1 flammagility rating and an optional
choice of nine rotor colors. The standard blue is priced at just 11¢ each (100,000
pieces). . .about what you'd expect to pay for the iower performance carbon types.

Send today for complete details on a colorfu! new way to design in supgrior
performance for your cost effective needs — the Mode! 3355 Trimmer. Direct
or through your local distributor.

TRIMPOT PRODUCTS DIVISION, BOURNS, INC., 123¢ Columbia Ave., Riverside,
CA 92507. Phone: 714 781-5050 — TWX: 910 332-1252.

CATALOG SHEET SPECIFICATION COMPARISONS

BOURNS cTs MEPCO PIHER

CHARACTERISTIC 3355 201° 46X° PT15°
Element Conductive Plastic Carbon Carbon Carbon
Temperature Coefficient 500 PPM/*C No Spec No Spec 1000 FPM/°C
Contact Resistance

Variation 1.0% max. No Spec No Spec No Spec
Power Rating .25 W at 70°C .25 W ar §5°C .25 W at 55°C 25 W at 40°C
Flammability UL-94V-1 No Spec No Spec UL-94
Board Wash Capability Yes No Spec No Spec No Spec

*Source: CTS Series 201 Data Sheet, Mepco Data Sheet ME10D4, Piter Data Sheet F-2002 Rev 7/73

International Marketing Affiliates: European Headquarters — Switzer'ard 042123 22 42 « Belgium 02/218 2005 o France : . : i
01/2039633 « Germany 0711/24 29 36 « Italy 02/32 56 88 o Netherlands 70,87 44 00 o United Kingdom 01/572 653% For Immediate Application — Circle 120

Norway 2/71 18 72  Sweden 764/20 110 « Japan 075/921 9111 » Austsalia 02/55-0411 03/95-9566 e Israel 77 71 15/5/7 For Future Application — Circle 220
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For a low cost way to capture
fast transitions, glitches, low rep-rate signals
and single-shot events...

And the new 15MHz 1223A with
variable persistence/storage is your
scope. Now, you don’t need to pay
for more capability than you need. In-
stead, you have the option of low-cost,
variable persistence/storage scope
that not only captures those elusive
signals, but lets you see fast risetimes
clearly for better glitch detection
something new for low-cost oscillo-
scopes. The 1223A provides variable
persistence/storage and ease-of-use
for only $2250.*

Set it in Auto Store, walk away,
and it's armed to capture and store an
event for up to two hours. Vary the
Brightness Control and you can opti
mize signal-to-background contrast.
Vary the Persistence and you can in-
tegrate those glitches. very-low-
frequency. and low-duty-cycle traces
into clear displays or eliminate over-
riding noise. Adjust auto erase to the
desired rate and you can update the

HEWLETT, h,% PACKARD
155

1807 Page Mill Road Palo Alto Calfornia 94::04

For assistance call Washington (301) 348-6370, Chicaga (313
255-9400. Atlanta (404 955-1500 kos Angeless(213) 87°-128

display without even touching the
scope. Of course you can store a trace
or erase a stored signal with the touch
of a bution.

And there’s more: 2mV/div sensi-
tivity. TV Sync, selectable chop/alter-
nate sweep operation, variable trigger
hold-off. and caltbrated X-Y display.
And you get traditional HP after-sale
support.

Here's an economical answer for
industrial lab and production applica-
tions such as electromechanical, in
dusmial control and medical equip-
ment design, testing and trouble
shooting. Excellent capability at low-
cost for education too. Your lccal HP
field engineer has all the details. Give
him a call today. In addition to the
1223A. ask him about the variable
persistence storage in a high-perfor-
mance 100MHz scope —HP's new
1741A.

*Domestic U.S A. price only
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Processor growth:
can your small computer
make the upgrade?

Product Our HP 1000 and 21MX Computers Your old favorite

Computers 2IMX computers, with memory capacity of 1.8 million bytes,
speeds up to 350 ns, and user microprogramming. All have
compatible architecture, instruction sets, I/0 and memory.

K-Series computer on a board: $974*
M-Series low-cost computer: $2,698*

E-Series high-performance computer: $3,803*
Instructions 70-100% faster than M-Series.

Systems HP 1000 includes 21IMX-E computer, CRT console with soft
keys and dual cartridges. RTE operating system. Fault control
memory available to 1.8 million bytes. Easy to upgrade as your
needs expand. with full selection of HP manufactured and
supported peripherals.

Model 20. 64K-byte memory-based systems: $21,000. 500K-
byte flexible discs optional.

Model 30. 64K-byte disc-based system, 15M-byte disc storage:
$36,500. 5M and 50M-byte discs available.

Model 80. 128K-byte data base management system with
15M-byte disc storage. HP-developed IMAGE DBM software,
mag tape and line printer: $61,700. 50M-byte discs available.

Software One upward-compatible family of Real Time
Executives: RTE manages 1.8 million bytes of
main memory. BASIC, FORTRAN, Assembly
and Microprogramming languages. Distributed
Systems Networks. Measurement and

control support.

*OEM quantity 100. All other prices
U.S. domestic list.

If you've been having trouble making the upgrade
with your old favorite, it’s probably time you got a new
one. So call your local HP sales office listed in the
White Pages. Or write to Robert Puette, Hewlett-
Packard, 11000 Wolfe Road, Dept. 612, Cupertino
CA 95014. We don' think anyone should have to live
with an incompatible family.
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Cover: Award goes to instrument trailblazers, 82
For the independent and simultaneous
development of the first logic analyzers,
Electronics salutes Charles H. House, engi-
neering manager for logic-analyzer pro-
grams at Hewlett-Packard’s Colorado
Springs division, and B. J. Moore, president
of Biomation Corp.
Cover by Art Director Fred Sklenar.

TECHNOLOGY UPDATE, 90

The past year saw remarkable and wide-
spread advances in the application of
microprocessors and large-scale integrated
circuitry. Moreover, it contained the promise
of many more in the near future.
Semiconductors, 92 New MOS processes set
speed and density records.

Memories & Microcomputers, 96: One-chip con-
trollers and 4-k static RAMSs star.

Computers, 104: Memory-oriented designs
maximize throughput.

Components, 112: Converters adjust to LS|,
and bi-FET operational amplifiers emerge.
Instruments, 120: Techniques evolve for ser-
vicing LSI-based equipment.

Communications, 126: Fiber optics and LS|
expand system capacities.

Packaging & Production, 134: E-beam systems
arrive, and flexible circuits flourish.

Consumer, 140: The digital takeover extends
to television receivers and auto controls.

The year in electronics: a chronology, 148

And in the nextissue. . .

A new method of accurately measuring time
. . . high throughput from an electron-beam
system . . . signature analysis plus in-circuit
emulation finds faults in microprocessor-
based systems.
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Publisher’s letter

chievement is highly praiseworthy

in any field of endeavor, and in
electronics it is not only praise-
worthy but tremendously influential.
All around us, the fruits of elec-
tronics technology are visible, from
television sets and radios to the latest
consumer attractions, such as
home computers and electronic
games. Some of the fruits, of course,
aren’t so visible but are becoming
even more pervasive. It’s no wonder,
then, that the individual achieve-
ments posted by the people in the
electronics industry affect the lives
and lifestyles of people everywhere.

Every year, Electronics magazine
bestows its Award for Achievement
as an acknowledgment of the vital
importance of individual creativity
in fueling the growth of electronics
technology. Indeed the basic aim of
the award is to spotlight the
outstanding achievements that pro-
mote and advance technological pro-
gress or the general welfare of the
electronics industries.

And every year, the editors of
Electronics face the same tough task.
They have to decide which of the
hundreds of truly significant devel-
opments to honor with the award,
isolating the one that both stands out
from all the rest and best symbolizes
the elusive quality that is called
achievement.

The fourth annual award, which
goes to Charles H. House of
Hewlett-Packard Co. and B.J.
Moore of Biomation Corp. for their
digital-logic instruments, recognizes
just such an achievement. The crea-
tion of a whole new class of instru-
ments is not an everyday occurrence
and reflects quite a creative tour de
force. The fact that two quite sepa-
rate approaches were taken—and

independently, at that—sort of dou-
bles the creative content.

Before these instruments, which
are logic-state and logic-timing ana-
lyzers, came on the scene, digital
semiconductor technology had
mushroomed. However, its rapid
progress was being retarded some-
what by the need to work with
conventional instrumentation de-
signed for analog circuits. Thus was
conceived the idea of designing
instruments specifically for what has
been called the data domain. Our
award winners this year not only
were among the first to perceive that
need, but they realized the opportu-
nities such instruments would create
and, most important, saw the ways
to do the job.

While their approaches were quite
different, they opened new windows
for the designer. Since then, of
course, the instrumentation line of
both companies has expanded and
there is some overlap in technique.
What’s more, their instrument-
design departures started other
people thinking about the special
demands of the digital world, and
other methods, such as signature
analysis, have been launched.

For the full story on the Electronics
Award for Achievement and this
year’s winners, turn to page 82. That
story, though is just one of many
features of this annual Technology
Update issue. So for a summary of
what has been happening in the past
year in electronics, don’t miss our
40-page special report starting on

page 90.
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o, KEPCO/TDK

for microprocessors and logic applications

The KEPCOI/TDK series RMT combines a
logic 5 VoIt + 10%, 10 ampere output with
various combinations of auxiliary voltages
(see table). Aill outputs are stabilized by
high efficiency switching circuits.

RIVIT

FEATURES

Each output protected by overvoltage
monitor.

Each output protected by self-resetting
overcurrent circuit.

Soft start circuit reduces primary surge
current.

Remote on-off using logic level switching

High density: more than 75 watts in less
than 100 cu. in.

OUTPUT #1 | OUTPUT #2 OUTPUT #3
ol Volts | Amps | Volts ;Amps| Volts ; Amps e

RMT 001-AA | +6V [ 10A | +12V | 1A | -12V | 1A |$329.00
RMT 002-AA | +6V [ 10A [ +15V | 1A | -15V | 1A 329.00
RMT 003-AA | +6V | 10A [ +12V | 1A | -5V | 1A 329.00
RMT 004-AA [ +5V | 10A | +18V | 1A | -5V | 1A 329.00
FOR YOUR MICROPROCESSOR RMT 005-AA [ +5V | 10A | +12V [ 1A | -9V | 1A 329.00

Custom volt-ampere combinations are available. Please consult the factory.

KE p C D ® For complete specifications, write Dept. BTF- 14

KEPCO, INC. - 131-38 SANFORD AVENUE - FLUSHING, N.Y. 11352 U.S.A. » (212) 461-7000 - TWX # 710-582-2631 « Cable: KEPCOPOWER NEWYQRK
Electronics /October 27, 1977 Circle 5 on reader service card (5)



Reduce Your Power Supply Size
and Weight By 70%

A new way has been found to sub-
stantially reduce power supply size
and weight. Consider the large
power supply shown at left in the
above photo — it uses an input
transformer, into a bridge rectifier,
to convert 60 Hz to 5 volts DC at
5 amperes. This unit measures
6%”x4”x7%” and weighs 13 pounds.
Abbott’s new model Z5T10, shown
at right, provides the same per-
formance with 70% less weight and
volume. It measures only 2}{’x4’’x6”
and weighs just 3 pounds.

This size reduction in the Model
Z5T10 is primarily accomplished
by eliminating the large input
transformer and instead using high
voltage, high efficiency, DC to DC
conversion circuits. Abbott engi-
neers have been able to control the
output ripple to less than 0.02%
RMS or 50 millivolts peak-to-peak

maximum. This design approach
also allows the unit to operate from
100 to 132 Volts RMS and 47 to 440
Hertz. Close regulation of 0.15% and
a typical temperature coefficient of
0.01% per degree Celsius are some
of its many outstanding features.
This new Model “Z” series is avail-
able in output voltages of 2.7 to
31 VDC in 12 days from receipt of
order,

Abbott also manufacturers 3,000
other models of power supplies
with output voltages from 5 to 740
VDC and with output currents from
2 milliamps to 20 amps. They are
all listed with prices in the new
Abbott catalog with various inputs:

606 to DC
400809 to DC

28 VDC to DC

28 VDC to 400 €0
12-28 VDC to 608y

Please see pages 1037-1056 Volume 1 of your 1975-76 EEM (ELECTRONIC ENGINEERS MASTER Catalog)
or pages 612-620 Volume 2 of your 1975-76 GOLD BOOK for complete information on Abbott Modules.

Send for our new 60 page FREE catalog.

abbot NIFTLTIFXCYR

LABORATORIES.,

general offices
5200 W. Jefferson Blvd./lLos Angeles 90016
(213) 936-81B5 Telex: 69-1398

6 Circle 6 on reader service card

INCORPORATED

eastern office

1224 Anderson Ave./Fort Lee, N.J. 07024
(201) 224-6900 Telex: 13-5332

Readers’ comments

We have enough problems

To the Editor: Many persons, myself
included, will not buy an electroni-
cally controlled car if we are given
any reasonable alternative. First, we
question the reliability of a complex
electronic system in the harsh envi-
ronment of a car, which makes a
spaceship look by comparison like a
baby buggy.

Second, considering the present
difficulty of getting competent ser-
vice, we doubt the ability of the
automotive establishment to satis-
factorily diagnose and repair such a
system, even given elaborate moni-
toring facilities. Who, after all, will
maintain this diagnostic equipment?

Finally, we foresee astronomical
repair bills as service personnel fran-
tically replace major assemblies to
repair the myriads of subtle mal-
functions not anticipated in the
design of the automated test equip-
ment.

Dale Hileman
Sphygmetrics Inc.
Woodland Hills, Calif.

So do the cities

To the Editor: I would like to suggest
an optional strategy for those munic-
ipalities that cannot afford the cost
of increasingly sophisticated traffic
radars designed to defeat radar
detectors [“Highway radar eludes
detectors,” Sept. 15, p. 44]. If the
radar is used in the departure mode
(receding target), the radar detec-
tors are totally defeated.
Daniel A. Langiani
Gloucester, Mass.

Corrections
There were several minor errors in

" the schematic diagram of the select-

able pulse time—dead time counter
that appeared in the Oct. 13 issue
[“Counter and switches select pulse-
train length and dead time,” p. 97].

The Q output, not the Q output, of
the 7472 flip-flop should be connect-
ed to G6, and pin 1 of the 7490
counters should be connected to pin
12, not pin 14. Also, the 7472 clock
input should be driven by G5 and the
J and K inputs connected to the 5-
volt power source.

Electronics /October 27, 1977



Investment Energy

What kind of power is needed to ‘seed” the
energy sources of the future?

'.l”‘— : il

THE TECHNOLOGIES which offer
the brightest promise of a major
contribution to tomorrow’s energy
economy share a common need. In all
cases, a large investment of energy is
required, before a return on invest-
ment can be realized.

In most approaches, this invest-
ment is an integral part of the produc-
tion cycle—creating the environment
in which energy generation can occur.
In others, it’s needed to prepare the
materials and components that go into
the process. But in all cases, the in-
vestment is massive...and it must be
delivered with exceptional precision
and managed with exceptional sen-
sitivity.

UVC has won a position of leader-
ship in this demanding field—through
long-term participation in the re-
search, development and testing of
advanced energy systems...and the
provision of power for high-energy
applications in such related areas
as particle acceleration, high-volt-
age power distribution, and laser
systems.

are ventures of historic importance,
and deserving of our best talents and
highest efforts.

Fusion Through Plasma Heating
and Magnetic Confinement

Progress continues toward the goal
of achieving controlled thermonuclear
reactions by the heating of isotopes of
hydrogen (available in limitless quan-
tities in the world’s oceans) to stellar
temperatures. Methods of maintain-
ing such astronomical temperatures
for sufficient periods of time include
various ‘magnetic confinement’
schemes. The most promising of these
are being investigated with reactors of
the so-called tokamak (ORMAK)
designs.

UVC equipment is presently in use,
powering the neutral injection sys-
tems for heating of such reactors, at
the Oak Ridge National Laboratory,
Princeton University, The University

~ of California at Livermore and Berke-

ley, and at private corporations funded

- by ERDA. These units, supplying

Basic structure of the tokamak
device (ORMAK) at Oak Ridge.

While the “payout’ on investment
in some of the fields in which we’re
involved may be a decade or even a
generation away, we know that these

Electronics /October 27, 1977

energy for particle acceleration and

. deceleration, include the largest,

highest-power equipment ever de-
livered by UVC.

Fusion Through Laser Implosion

Another dramatic approach to con-
trolled fusion involves the ignition of
thermonuclear reactions by subjecting
tiny pellets of hydrogen isotopes to
intense bursts of laser light. UVC has
developed a wide variety of power

supplies for laser fusion experiments
... including work being done at the
Livermore laboratories of the Univer-
sity of California, where an effort is
under way to generate the most pow-
erful pulses of light ever created by
man,

Laser'implosion of a pellet.

Uranium Enrichment for Nuclear
Power Generation

The ‘enrichment’ of uranium, by
the separation of specific isotopes
from the natural metal, is essential
for the manufacture of the rods which
fuel most types of nuclear fission
reactors. Here, too, alaser application
holds great promise for bringing new
efficiency and economy to what has
been an extremely costly and difficult
process.

And here again, UVC power sup-
plies are playing an important role in
bringing this new technique to frui-
tion.

What Can We Do For You?

Whether you’re concerned with
advanced energy systems or more
conventional power problems, you
too may profit from UVC’s uncom-
mon competence. If you’d like to dis-
cuss how we might add some Invest-
ment Energy to a project of your own,
please call or write: Dept. E10.

Universal Voltronics Corp.
27 Radio Circle Drive

Mt. Kisco, New York 10549
(914) 241-1300

Circle 7 on reader service card 7



Get the
scope you

Now!

need-

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

Caoll & af

Continental

Rentals

Div. Continental Resources, Inc.

175 Middlesex Turnpike, Bedford,

MA 01730 (617) 275-0850

FOR IMMEDIATE RESPONSE CALL:
N.E. (617) 275-0850; L.1. (516) 752-1622;
NY, NJ (201) 654-6900;

Gtr. Phila. (609) 234-5100;

Wash., D.C. area (301) 948-4310;

Mid West (312) 439-4700;

So. Central (214) 690-1706;

Costa Mesa, CA (714) 540-6566;

L.A., CA (213) 638-0454;

Santa Clara, CA (408) 735-8300.

News update

B Shipments of the large-scale digi-
tal computer built by National
Semiconductor Corp. and marketed
by Itel Corp. of San Francisco have
been going on since the spring, and
the deal between National and Itel is
still in effect.

The computers are direct emula-
tions of 1BM’s System 370/158,
which run on 1BM’s own software
[Electronics, Oct. 14, 1976, p. 29].
However, the National-Itel machine
sells for half the price of the 1BM
370/158, which can range upward
from $2 million. The emulation also
claims for itself higher performance:
a minimum of 25% more through-
put. Itel’s sales targets are the more-
than-1,000 model 158s in place.

Bernard Cole

B Control Data Corp. and Litton
Industries Inc. have finally begun
fabricating what are perhaps the
largest displays ever built with their
technologies—and the two are using
different and competing technolo-
gies. The displays, which combine
standard military paper maps and
computer-generated tactical display
data, are being built under the joint
Tactical Display System project of
the U.S. Army and the West
German Ministry of Defense [Elec-
tronics, June 10, 1976, p. 25].

The displays are 1 meter by 1
meter. CDC’s technique is to place a
transparent one-color (orange-red)
plasma panel over the maps; Litton
puts the maps over a three-color
(red, green, and amber) light-emit-
ting-diode display and shines data
through the maps, says Sid Littman,
program manager at the Army Elec-
tronics Commands, Fort Monmouth,
N. J. Litton had problems in getting
enough light to shine through the
map, while cpC experienced some
trouble with its basic display tech-
nology, Littman says. However, he
adds, “both firms have solved their
technical problems. They are fab-
ricating displays and it looks like
they got what they want.” Fab-
ricated systems should be ready by
next May or June, though initial
delivery was scheduled for early
1978. Bruce LeBoss

Gas Sensing Semiconductor

FIGARO
“GAS
SENSOR
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FIGARO ENGINEERING INC

®Head Office: 373

.3 Higashitoyonaka. Toyonak
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Our Strict Production |
Control System with

Full Automation Guarantees |

Quality and Uniformity a

of Products.

This is Our Everlasting Target. |

Miniature lamps: Sub-miniature lamps: ;
Various base caps: All other parts for lamps:

SAKATA MANUFACTURING CO.,LTD.
14-12, 3-Chome, Hatanodai, .
Shinagawa-ku, Tokyo, 142, Japan

Cable Address: “SAKATABASE” TOKYO
Tel: (03) 781-6078
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Fujitsu's
7071/7072 1K
ECL RAM
delivers 10 ns
maximum
access time.

Please send me data on the 7071/7072
1K ECL RAM 0

Please send me the Fujitsu short-form product
selector guide

Please send me the Fujitsu IC Catalog

Please call me to discuss an immediate application

Name Title
Organization

Address

City State
Zip Telephone ( )

Electronics /October 27, 1977

Attention, next-generation system
designers! You're going to need the
fastest main-frame, scratch-pad, con-
trol and buffer memory you can get.
And you can get it only from Fujitsu!
It's our 1K ECL RAM—the 7071/7072.
The 7071/7072 is available immedi-
ately, in volume. it delivers 7.5 ns
typical access time (10 ns max.) in the
H version and 12 ns typical access
time (15 ns max.) in the N version.
Organized in 256 x 4 format, the new
Fujitsu 1K ECL RAM is fully com-
patible with the 10K-series family. It
can be configuredasa 512 x2 or a
1024 x 1 RAM, by using the unique
block select inputs. For high-density
applications, it offers 0-75°C oper-

ating temperature range. Power dissi-
pation is a low 0.8 mW/bit. The 7071 is
offered in a 24-pin square package.
Prefer a DIP?—the 7072 is our 22-pin
model. These are the specifications
and characteristics designers are ask-
ing for—and the rest of the memory
world is trying to match.

Our state-of-the-art ECL process
technology is at the heart of this
remarkable RAM achievement. It
enables us to deliver not just raw
speed but consistent characteristics in
any quantity you need. Plus demon-
strated in-the-socket reliability. Relia-
bility that's building loyalty among
users who cannot afford to compro-
mise their reputations.

You can't best Fujitsu when it comes
to memory and memory-peripheral cir-
cuits. We deliver the broadest line by
far: bipolar and MOS; size/price/per-
formance for every application; speci-
fications that never vary, no matter
how many you need. For more details
on the 7071/7072 and Fujitsu's com-
plete memory IC product line, return
the coupon or call us in Santa Clara,
California for the name, address

and telephone number of you local
representative.

AMERICA INC.

2945 Oakmead Village Court

Santa Clara, CA 95051

(408) 985-2300

Telex: 357402 ¢ TWX: 910-338-0047

Circle 9 onreader service card 9
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R6500: the third generation
microprocessor system

Now you can move up to the proven 2 MHz
performance of an NMOS 8-bit micro-
processor, the R6500 from Rockwell.
Third-generation R6500 architecture
andinstructions with 13 powerful addressing
modes make it easier for you to design
more functions in, more cost out. And the
R 6500 is design-compatible with systems
you may now be using.

R 6500 economics are on your side
Smaller R6500 chips and single 5V power
supply keep costs down as performance
goes up. To get the right fit, choose from

10 software-compatible CPUs, eight ver-
satile I/Os, ROMs, RAMs, and memory-
I/O-timer circuits.

R6500 CPU Options

[ 4o-pinDIP 28-Pin DIP l
TR6503|R6504|R6505
R6502|R6512|R6513|R6514 R6515 | R6506 |R6507
- —4—- ——+

65K | 65K | 4K | 8K | ax | ax | &K

_—

-Memo—ry Address Space

f ~T-
Interrupts — Maskable Yes Yes Yes Yes Yes Yes T No
—Non-Maskable | Yes Yes Yes No No No No
— 4 +— — - —— < —

= _
SYNC — Output indicates

op code fetch cycle Yes Yes No No | No No No
P 34 | _l_

- —_— — 1 W <+

RDY —Single step and slow

memory synchronization Yes Yes No No Yes No Yes

— — — 1 —+— —t —t—

@, Clock Output Yes Yes No No No Yes No
1 — o —— — — _f_

DBE — Extended Data

Bus Hold Time No Yes No No No No No
[ — S 1 _ 1

1/0 Devices
DESCRIPTION

PART # [ NOMENCLATURE

R6520 | Peripheral Interface
l Adapter

2, 8-bit bidirectional |/O ports;
4 peripheral control/interrupt lines

PIA functions plus 2, 16-bit program-
mable interval timers/counters.

R6522 | Versatile Interface
| Adapter

R6530 FROM-RAM-I/O-Timer 1024 x 8 ROM, 64 x 8 static RAM;

2, 8-bit bidirectional data I/O ports;

2 programmable data direction
registers; 8-bit interval timer. l

+ 2
R6532 |RAM-I/O-Timer 128 x 8 RAM; 2, 8-bit bidirectional ]
data ports; 2 programmable data
l Jdirec(ion registers; 8-bit interval timer.

PLUS ROMS, RAMS...AND MORE ON THE WAY _

Electronics / October 27, 1977

Rockwell adds solid development

support
For fast and efficient system design,
Rockwell offers SYSTEM 65— one of the
smartest and lowest-cost, disk-operating,
complete development systems available.
It's equipped with two mini-floppies, resi-
dent two-pass assembler, text editor and
monitor/debug package.

KIM-1, TIM, timeshare, complete docu-
mentation, plus extensive applications
engineering are also available.

Rockwell is delivering in

volume now

R6500 circuits are already being produced
in quantity with Rockwell’s N-channel,
silicon-gate, depletion load process.

R6500 devices and SYSTEM 65 devel-
opment microcomputers are now available
at your local Hamilton-Avnet or Schweber
distributor.

And new chips are in design. The first,
a fully static 32K ROM, is now in
production.

For your R6500 brochure write:
D-727-F, Marketing Services, Microelec-
tronic Devices, Rockwell International,
P.O. Box 3669, Anaheim, CA 92803, U.S.A.
or phone (714) 632-3729.

‘l‘ Rockwell International

..where science gets down to business
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A little knowledge about
computers can be expensive.
Alotcanbefree.

v o
/ \ /
LN
- :’ .= -
v —)
4 2
1. The inside story on how our full 2. How Commercial ECLIPSE 3. The secret of having computer power where
PRODUCT LINE makes the difference  Systems answer the diverse demands

your business needs it. Our book on CS/40
to you. business makes today on a data system. SMALL BUSINESS SYSTEMS tells.
Reader Service #140

Reader Service #141 Reader Service #142
G i 3
i ——

: . :
| & _Ul—y
'mL - A
4. Describes seven important SUP- 5. Find out how our Real-Time Disc
PORT SERVICES that get systems Operating System SOFTWARE can get

up and running, then keep them there. you on-line fast, and keep you there.
Reader Service #145 Reader Service # 146

6. IT'SSMART BUSINESS to
know how our way of doing business
benefits our customers.

Reader Service #148

st
=

7. How OEM’s solve the dilemma of 8. What you need to know about getting 9. The last word in microprocessor-
keeping their system costs down with our  everything for a DATA ACQUISITION  based microNOVA systems with full
NOVA 3COMPUTER FAMILY. and CONTROL system from one place. 16-bit NOVA architecture.
Reader Service #149 Reader Service #150 Reader Service #151

1
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10. The amazing story behind our umque
heuristic MULTI-PROGRAMMING

operating system.
Reader Service #194

13. A wealth of information about how
our computers are being used in actual

APPLICATIONS.
Reader Service #197

16. What'’s the most you can expect to get from
a mid-range mini today? What you get with
an ECLIPSE S/130 — the standard setter.

Reader Service #200

19, 1976 was a very good year. Our
ANNUAL REPORT could be
good for you.

Reader Service #203
Electronics /October 27, 1977

p—
11. What to do when you need fast, 12. NOVA 3 systems, software and
fast access to MASS STORAGE. support let you customize a system to

your application.

Reader Service #195
Reader Service #196

“g /1
%E..

14. Wonder what sets the benchmark 15. Is there a sensnble way to use computers
for big performance computer systems? inDATA COMMUNICATIONS?
Wonder no more, it's ECLIPSE S/230.  The message comes through clear.

Reader Service #198 Reader Service #199
>
VEAMINALS
'I‘HK[;’; I/
é THE WY
3 —
~ om =
-TZ,
17. You want terminals that work the 18. Our whole SPARE PARTS
same way you do? You want the facts on catalog. They're too important to be
our DASHER TERMINALS. kept a mystery.
Reader Service # 201 Reader Service # 202

D D SN S NN NS NN BN I GEN GEE GED BN NN GNE GEN (NN GEE BB I G .
Mail to: Data General, Westboro, MA 01581
"1 Yes, I'd like to pick your brains. Please send me the brochures I have circled.
"1 1'm in a hurry. Have your sales representative bring in the brochures I have circled.

i
|
Brochure numbers: 1 2 3 45 6 7 89 10 11 12 13 14 15 16 17 18 19 |
Name Tite |
Company l
Address Tel. l
City State Zip l
i
]
|
|

Data General, Westbro, MA 01581, (617) 366-8911. Data General (Canada) Lad., Ontarivi. Data General, Europe,
15 Rue Le Sueur, Paris 75116, France, 50-006-06. Data General Australia, Melbourne (03182-1361.

©) Nova and ECLIPSE are registered trademarks of Data General Corp., 1977, DASHER 1s a trademark of Data General Corporation.

v DataGeneral

© Data General Corporation, |977J
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ZIP DIP" 1
SOCKET/RECEPTACLE
SERIES

IMPROVED TEXTOOL SERIES
INCREASES VERSATILITY
AT COMPETITIVE PRICES

The ZIP DIP Il socket/receptacle series offers
all the advantages of TEXTOOL's original
zero insertion dual-in-line package models
plus increased socket versatility and reduced
receptacle pricing

The ZIP DIP Il socket features an en-
larged entry for use with an even wider range
of devices and a flat top plate for easier entry
and extraction. Contacts are on even 100 mil
spacing (300-400-600 mil) for more conve-
nient mounting on standard hardware

A built-in “‘stop™ insures that the ZIP
DIP I} handle can't be easily over-stressed.
Top mounted assembly screws facilitate the
replacement of damaged or worn internal
parts. TEXTOOL has strengthened both
hardware and plastic for increased reliability
and screw mounting of the socket to the ZIP
DIP I receptacle makes possible a more
positive locking system

The ZIP DIP Il recep-
tacle (left) has all the fea-
tures of previous ZIP DIP
receptacles, yet at a lower
price. It virtually eliminates
mechanical rejects, 1S a
disposable plug-in unit re-
quiring no soldering and has a typical life of
25,000-50,000 insertions. The receptacle is
ideal for high volume hand testing and, since
replacement time is eliminated, a test station
can process literally millions of devices be-
fore it must be replaced

Oelailed informalion on these and
other producls from TEXTOOL . . . IC, MSI
and LSI sockels and carriers, power
semiconduclor test sockels, and cusltom
versions . .. is available from your
neares! TEXTOOL sales representative or
the faclory direct.

PRODUCTS, INC.

1410 W. Pioneer Drive « Irving, Texas 75061
214/259-2676

14 Circle 14 on reader service card
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Nobel winner Anderson awaits
practical uses for advances

“It’s very hard to fight an existing
technology that’s doing the job,”
says Philip W. Anderson, consulting
director at Bell Laboratories’s Physi-
cal Research Division in Murray
Hill, N. J., and cowinner of the 1977
Nobel Prize in Physics awarded by
the Royal Swedish Academy of
Sciences. Cited for his contributions
during the late fifties and early
sixties to the understanding of local-
ized magnetism in metals and the
formulation of the idea of localiza-
tion in disordered materials, Ander-
son helped lay the groundwork for
the magnetic-bubble and Josephson-
junction (superconducting) technolo-
gies in the first instance, and amor-
phous semiconductors in the second.

Amorphous devices are now being
applied in computer memories and
as photoelectric light-sensing ele-
ments, while magnetic bubbles and
Josephson devices may play roles as
storage memories in telephone and
computer equipment. But the mild-
mannered, 53-year-old theorist, is
careful in predicting other applica-
tions. “A new technology has to have
enormous advantage in the face of
the cost of the engineering develop-
ment needed to build it up,” he says.

Door opener. It will not be easy for
anything to replace existing silicon-
semiconductor technology because,
as he points out, “all the engineering
development has been done. How-
ever, if present semiconductor tech-
nology fails to do the job, then the
door is open for a new technology,
like amorphous semiconductors, just
as vacuum-tube technology failed in
computers and opened the way for
transistors.”

One suggested use for glassy-like
amorphous devices, which should be
cheaper to manufacture than crys-
talline silicon, has been in solar-
energy converters. Anderson, who is
part-time physics professor at
Princeton University, cautions that
though advantages may be there,
practical realization is not.

His work at present is still in the
theoretical realm, delving into amor-

UL G -
Winner. New technology will find a place if
the old fails to do its job, Anderson says.

phous semiconductors and random
magnetic alloys. He does express
faith in at least a couple of the new
technologies, saying he has “great
hopes for Josephson technology as it
applies to high speed computers and
their use in the communications
field.” Likewise, he expects good
things from magnetic garnet bubble-
memory devices.

Ferris wants to assess
impact of FCC policy

One of Charles D. Ferris’ first prior-
ities when he took over as chairman
of the Federal Communications
Commission on Oct. 17 was to
upgrade the Office of Plans and
Policy. He wants that office to make
the Fcc able “to forecast trends,
rather than react to them” and to let
the commission “assess the impact of
its decisions, rather than being told
about the impact by others.”

If Ferris can achieve that, it will
be more than his predecessors could
do. Since being set up in 1971, the
office has by and large been ineffec-
tual, for lack of authority to acquire
data from the FcC’s other bureaus.
Should Ferris change its role and
image, his success will mark him as
an accomplished politician.

The political skills and con-
nections of the new Fcc chairman
have already attracted notice. For
example, before his most recent job
as general counsel to House Speaker
Thomas P. O’Neill Jr., Ferris served
12 years on the Senate Democratic
Policy Committee, where he rose to

Electronics /October 27, 1977



"Rodak helped us set up
a reprographics program
that could save us more

than *10Q000 a year.

Dennis Thurgood,
Document Control Manager,
€IMCO PMD Division,
€nvirotech Corporation,

Salt Lake City.

"EIMCO PMD is a leading manufacturer
of pollution control equipment. Since much
of this equipment has custom engineered
features, we generate more than 2,000
drawings a month.

"We started working with Kodak back in
1973, expanding our microfilm capabilities.
Most recently, we set up a reprographics
center with a Kodak Startech processor.
Doing the photoreproduction work internally
has resulted in substantial dollar savings.

"Also, we have increased the individual
drafter’s capacity. Before, he was doing a
basic pencil-to-paper operation. Now he
comes to us and says, '| need to get from
here to here, can youlhelp me?' And we can.
Scissors drafting, opaguing, second origi-
nals via blowbacks from microfilm are all
part of our capabilities. Making the drafter
more efficient is probably the major justifica-
tion for the installation.

“And it's certainly paying its way. We
figure we'll save more than $100,000 a year
for the next five years. We've reduced cost
by doing photoreproduction work internally;
saved drafting time through reprographic
techniques; and we've gotten our files under
control with microfilm’’

Reprographics can help you, too.

Send for more details about EIMCO’'S
use of reprographic techniques; plus a
complete listing of Kodak products and
other applications. Write: Eastman Kodak
Company, Graphics Markets Division,

Dept. R4805 |, Rochester, NY. 14650.

VERSATILITY IN
REPROGRAPHICS

Circle 15 on reader service card
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\ require
small

WIMA FKS 3
1000 pF up to 0.047 pF

WIMA FKC 3
100 pF and up

WIMA MKS 3
Up to 0.47 pF

WIMA FKS 2 min

P.C.M.5 mm
1000 pF to 0.047 pF

Cast-moulded
capacitors

are an excellent aid in designing your
|IC-equipped printed boards. Use the new
plug-in WIMA® capacitors which are
smaller and have regular

dimensions.

Write for our new catalogue.

WILHELM ™
WESTERMANN

Spezialvertrieb Elektronischer
Bauelemente

D-68 Mannheim 1

Fed. Rep. of Germany
Augusta-Anlage 56

P.O. Box 2345

Tel.: (0621) 408012
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New head. FCC chairman Charles Ferris
seeks to upgrade Office of Plans and Policy.

the post of chief counsel.

“The Fcc is going to need a well-
connected politician next year when
Congress takes up the Bell bill,”
notes one industry lobbyist. Formal-
ly titled the Consumer Communica-
tions Reform Act, the controversial
Bell bill—so called because of its
strong support by American Tele-
phone & Telegraph Co.—will at-
tempt to rewrite and update the
1934 Communications Act that set
up the Fcc.

Ferris displayed one sign of his
political savvy by carefully avoiding
any prejudgment of the pending
legislation. Calling competition and
related telecommunications issues
“the biggest challenge facing me,”
the 44-year-old lawyer cautiously
observes, ‘“‘the law prohibits my
favoring competition just for com-
petition, equally as it would rule out
monopoly just to preserve monopoly.
The goal must be what course best
serves the public.”

The new chairman began his
career as a research physicist for
Sperry Gyroscope at Great Neck,
N. Y., in 1954 after receiving a BS
from Boston College. But he re-
turned there in 1961 to take a law
degree, going on later to Harvard
University’s Advanced Management
Program at the Graduate School of
Business.

Ferris professes strong advocacy
of government in the sunshine and
says he will run “an open commis-
sion. . . . I want the public to know
who I meet with and what I meet
with them about.”

Electronics /October 27, 1977



SSR UPDATE

Our

International

Connection

The European market demanded a high voltage
AC solid state relay with a challenging com-
bination of performance features such as:
e 3750VRMS optical input/output isolation to
meet VDE and IEC specs
e 800 volts peak blocking voltage for high
overvoltage transient immunity
e 480VRMS output voltage rating for refiable
3-phase switching
® 200V/psec min. off-state dv/dt rating
e Steady state load current ratings up to
40 Amps

‘) TELEDYNE RELAYS

We met that challenge with our all-new 621
Series. Factis, Teledyne designed it from the
ground up to achieve all of the above—from pc
board layout with wide tracking distances for high
voltage isolation to a highly functional case
configuration with deep recessed terminals. Other
features include logic compatible input drive
circuitry, and zero voltage turn-on to reduce EMI.

For complete specification data, contact your
local Teledyne Relays sales office. You'll find
we have the experience, products, and technical
support to meet all your SSR needs.

OTHER TELEDYNE AC SSRs

A. 601 Series*
5 and 10A (to 600V peak). Optically
isolated, zero voltage turn-on. Screw
terminals, quick disconnects, and
pch pin options.

B. 611 Series*
10, 15, 25 and 40A (to 600V peak)
Optically isolated. zero voltage
turn-on. Dual purpose screw/quick
disconnect terminals

C. 675 Series*
Low profile (0.5” max.) pc board
SSRs. Qutput rating 3A, up to 600V
peak. Optically isolated, zero voltage
turn-on.

D. 671 Series
1/0 Converter Modules. Special
purpose SSRs for use in
programmable controllers, machine
tool controis, etc. Mounting panel
available.

E. SerenDIP® Series”
TO-116 DIP package. Output rating
1A/280VRMS. Logic compatible 3.8
to 10vDC input.

F 970 Series MOVs
High voltage transient suppressors
designed specifically for use with all
Teledyne AC SSRs.

*UL recognized/CSA certilied.

3155 West El Segundo Boulevard, Hawthorne, California 90250

Telephone (213) 973-4545
Electronics /October 27, 1977
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And we speak it in many ways. Our entire MI Series
Connector line, for example, is designed to true metric
dimensions. And that includes everything from contact
centers to housing dimensions.

In addition, the MI Series meets the general requirements
of national and international testing and approval groups
—ranging from UL and IEC to CSA and VDE.

Even more important, wherever you may use MI
connectors, in New York or Sydney, you can depend on
first-rate AMP technical service. Because AMP has long
been a worldwide corporation with major factories and
engineering facilities in the leading countries. And that
means true in-depth support at home and abroad. Plus
practical first hand advice on international technical
requirements when you need it.

Even without international technical aid, AMP MI Series
Connectors are economical. Because they are part of
AMP’s exclusive Multimate Family. That means you can
use common contacts with a variety of connector families
and save on both tooling and inventory.

So it your product plans are international in nature,
be sure to get complete information on AMP MI Series
Connectors. Just call Customer Service (717) 564-0100.
Or write AMP Incorporated, Harrisburg, PA 17105.

AMP has a better way.

ANMP

INCORPORATED

Circle 19 on reader service card
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Cost advantages increase
potential applications.

Mostek’s new single-chip 3870
microcomputer is the answer to
maximum cost effectiveness in a wide
range of control and logic replacement
applications. Most obvious advantages
are software flexibility, fewer
components, low power and a 40-pin
plastic package. The device now
makes it economically feasible to
replace as few as 12 TTL packages in
an existing system while increasing
capability. And the 3870 pinout allows
applications to be implemented on
smgle-snded PC boards, further

2Kx8 mask programmable
ROM

Software compatible with
existing F8 family

LOGIC REPLACEMENT set o_f more than
S providing co
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POS multi i
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vectored interrupts
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Circle 21 on reader service card



Intel delivers the 2147
memory technology

Imagine a 4K fully static RAM that runs at bipolar speed yet cuts power consumption
dramatically, all in a standard 300-mil wide 18-pin DIP

That's the new 2147 It’s a product of a new
High- performance MOS technology we call |
HMOS. The 2147 is in production and )
we're delivering it now. HMOS
makes it a new industry standard
in high speed, high density
memory. It's sure to change
the way you design high
performance memory
systems.

In fact, the larger the
cache, main or add-on
memory your design
needs, the lower the power
consumption per bit with the
2147 A unique new power-
down mode makes that power
reduction possible. When the
2147 is deselected it stands by at a
typical power dissipation of 50 mW
—less than 15 microwatts per bit. So
you can achieve major savings in
cooling and power supplies, in systems
large or small.

Access times range from 55t0 70ns 9§
maximum with identical cycle times. Typical *
operating power dissipation is 500 mW, with




Its HMOS, the new
that scoops bipolar:

worst case specs not much higher.

Throughput is always high because the
2147 can respond to select inputs as fast as
to address inputs. HMOS eliminates the
power-up delays of conventional power-
down techniques.

On top of this the 2147 is fully static,
eliminating the complications of conven-
tional high density RAMs, such as clocking,
address set-up or hold times. The 2147
operates on a single +5V supply and is directly
TTL compatible. It uses the industry standard
pin-out for 4K x 1 static RAMs. The chip
itself measures only 158 mils square.

Now Intel has an expanded family of
HMOS 1K and 4K high performance static
RAMs: the recently introduced 2115A/2125A
and now the 2147 Check 2115A/2125A and
2147 performance specs at right.

POWER REQUIREMENTS VS SYSTEM SIZE

250

200

150

100 —

System Average Icc Per 4K Device
mA

2147 HMOS

a ‘\

1K Bipolar

100% Duty Cycle

25% Duty Cycle

4K

!

32K

48K

Memory Size in Words

|

64K

HMOS RAMs
Current (mA) Access
Density Active Stand by Time(ns)
Typ. Max Typ. Max. Max.
2147 4K 100 160 10 20 70
2147-3 4K 120 180 15 30 D)

2115A/25A

1K

100

N/A

45

2115AL/25AL

1K

60

75

N/A

45

Order 2147's, 2115A’s and 2125A's from your local Intel distributor. Contact:
Almac/Stroum, Component Specialties, Cramer, Hamilton/Avnet, Harvey Electronics,
Industrial Components, Pioneer, Sheridan, L.A. Varah, Wyle Liberty/Elmar or Zentronics.

For more information write: Intel Corporation, 3065 Bowers Avenue, Santa Clara,

California 95051. In Europe: Intel International Corp. S.A., Rue du Moulin 4 Papier,

51-Boite 1, B-1160, Brussels, Belgium. Telex 24814. In Japan: Intel Japan Corp., Flower

Hill-Shinmachi East Bldg. 1-23-9. Shinmachi, Setagaya-Ku, Tokvo 154.

intal delivers.
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Editorial

Engineering employment: rerun?

There is increasing evidence that a boom is

in the making in engineering employment.

The classified pages are bursting with
recruitment ads, and at recent technical
conferences the headhunters were aggressively
evident. The Technical Demand Index, a
barometer of the demand for technical
personnel in all disciplines compiled by
Deutsch, Shea and Evans, a New York
recruiting firm, is at an 11-year high, exhibiting
an 80% rise since a year ago. While no one

is as yet willing to project a serious shortage

of engineers, the competition for available
people is unquestionably high. As one president
of a high-technology company recently put

it, “the next big problem in electronics is not

in technology but in human resources.”

The return of boom times for engineers
should stir a strong feeling of déja vu in those
of us who have been through this before. And
it should also stimulate feelings of alarm and
caution as industry tries to meet the upcoming
human resources problem in high-technology
areas, without repeating some of the past
mistakes.

Let’s just run through a reel or two from
the old movie. In the good old days, there
were boom times. Then, unexpectedly, an
economic slowdown hit. Companies retrenched
and laid off engineers. To the surprise of
everyone, the slowdown worsened and lasted
long enough to be called a recession. Companies
retrenched even more and laid off even more
engineers. Meanwhile, back at the engineering
schools, great numbers of students, drawn
into engineering by continuing predictions

24

of continuing boom times, waited to enter

the job market. Reel two, of course, shows
the disillusionment and sobering readjustment
forced on the too many who could not land

or hold on to the too few jobs.

The engineering profession has just been
through a good part of reel two and now it
looks as if the movie is about to start over.
But it’s not too late to write a new scenario.

Just a year ago on this page we pointed
out: “For some time it has been apparent
that the nation’s engineering schools are
turning out more EEs than industry,
Government, and academia can absorb.
Incredibly, despite studies by engineering
societies and warnings from a host of other
informed groups, there is no evidence that
steps are being taken to make sure that young
people entering an engineering career path
are presented with a realistic picture of their
prospects for jobs after their training is
completed.”

Now, as companies turn once more to the
engineering schools to fill the depleted
pipelines, it is their responsibility as well as
the schools’ to present a realistic picture of
career prospects and industry needs. They
should work closely together to ensure that
not only will industry’s short-term needs be
met adequately but that in the long term the
baleful effects of oversupply will be avoided.

It may be that, given the dynamics of the free-
wheeling electronics industries, it will never
be possible to damp down the supply and
demand oscillations completely. But it is
essential that everyone try.
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. Flve success stories: Each of these
proprietary LSI circuits made one of our customer’s
new products perform better and cost less.

That's our business. Making our customers’products better
by applying the advanced technologies of large-scale integra-
tion. We've done it hundreds of times, in a wide and growing

spectrum of product applications.

Take, for example, the multimeter cir-
cuit we designed for an instrument manu-
facturer. By miniaturizing functions in
the circuit, we made the product more
portable and more reliable. We also saved
the customer a goed deal of money in
assembly labor—enough to amortize his
development costs within a year.

Or consider the pair of ICs we devel-
oped for a CB radio manufacturer. One
of the devices, a Bipolar AM Receiver,
handles all functions batween antenna
ard audio. The other chip, a CMOS digital
frequency synthesizer, includes a pre-
scaler, a PLL and VCO. Providing over
8C% of the electrorics required to pro-
duce a C3 transceiver, this chip set is just
one example of how we can combine

system solution.

KEY: 1. OVM Circuit, 3% cigit, A/C converter; 2. LCD Watch
Circut, 6-cignt 6-tuncticn; 3. CB Scanner with ROM
4. Cargiac Pacemaker: 5. PLL Frequency Synthesizer

MICRO
POWER

both digital and linear processes to tailor a cost-efficient

And we are as reliable as you can get when it comes to

making custom LSI circuits. Our proven
production processes—HD/CMOS, Bi-
polar and the deposition of thin-film
resistors on LSI chips—consistently
produce high yields.

Exceptional noise immunity and high
switching speeds are standard perfor-
mance features—especially in our HD/
CMOS circuits. And because they con-
sume less power than microprocessor-
or IC-based systems, our devices operate
on comparatively smaller, less-expensive
power supplies.

If your potential application requires
more than a handful of standard ICs and
discrete components, you ought to think
about the advantages of converting to
custom LSI. Contact us today and we'll
help you write your own success story.

SYSTEMS

We sell more than circuits. We sell solutions.
3100 Alfred Street, Santa Clara, CA 95050, (408) 247-5350
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Our Model 100A/10 gives you more features per doliar
...that's why EDN selected it as a top product for 1977*

FEATURE MODEL 100A/10 HP-1607
Trigger Word 24 bits 16 bits
Data Displayed 3 bytes by 16 words deep 2 bytes by 16 words deep

(1 byte x 16 atany one time)

Data Collection Pre- and post-trigger Pre- and post-trigger

Display Mode Single/Repeat Sirgie/Repeat

Display Format HEX/OCTAL HEX/DETAL

Qualitiers 2 (both trigger word & clock) 2 (tngger word or clock)

Digital Delay 999 clock pulses or 99,999 clock pulses only
999 trigger words

Data Collection Rate 8 MHz 20MHz

External Scope Req'd Yes Yes

Auxiliary Memory No Yes

Map Mode No Yes

External Trigger Qutput Yes Yes

Logic Family Compatibity Allbut ECL Alt

Modularly Expandable Yes Yes

Intansified Trigger Word Yes Yes

Weight 7 pounds 14 pounds

Power 10 watts 120 watts

PRICE $599.95 complete $2900.00 plus probes

WHAT IF YOU DON'T NEED ALL THAT CAPABILITY RIGHT NOW? Fine. Start
with the Model 100A L_ogic Analyzer and save over 50%. You'llfinc that the Model
100A is a powerful 8-bit logic analyzer in its own right. Then add the mating Model
10 expander unit for an additional 16 bits when you're ready. (An optional
baseplate locks the two units together.) Incidentally, if you have a few spare hours,
purchase the kit veisions and save another 25% per unit.

WHAT ABOUT DOCUMENTATION? We've got it. The Model 100A and Model
10 each come with a comprehensive 100-page instruction and applications
manual. In fact, it you want to see how well these units can satisfy your application,

buy the manuals first for $4.95 each.
PARATRONICS, INC.

Far additional information or a demonstra-
Tel (408) 263-2252

tion, contact your local Paratronics, Inc
Stocking Sales Office or Paratronics, Inc
8C0 Gharcot Ave., San Jose, CA 95131

SALES OFFICES: AL, Huntsville (205) 533-5896; AZ, Phoenix (602) 253-6104; CA, Costa Mesa (714) 540-
7160, Sunnyvale (408) 733-8690; CT, Canton Center (203) 693-0719; FL, Winter Haven (813) 294-5815; HI,
Walklki {(808) 922-2152; IL, Eik Grove Vill (312) 593-0282; IN, Indianapolis (317) 293-9827, MD, Burtonsville
(301) 384-8500; MA, Wakefield (617) 245-5940; M), Northville (313) 482-1229, MN. Minneapolis (612) 781-
1611; NM, Albugquerque {505) 268-3941; NY, Syracuse (315) 448-1284, NYC, Eimont (516) 488-2100; NC,
Raleigh (919) 787-5818; OH, Centerviile (513) 433-8171, Cleveland (216) 331-0900; OK. Tulsa (918) 743-6892;
PA, Hatboro (215) 674-9600; TX, Houston (713) 461-4487; AUS, Victoria (03) 288-7100; BRAZ,, Sac Paulo
(011) 221-2456; CAN., Ontario (416) 275-2270; CAN., B.C. (604) 985-0511; DEN., Horsens (05) 61 11 00; FR

Paris 668 10-59; HOLL., The Hague 070-678380; 18., Tel-Aviv 282031; U.K,, Bracknell Berks {0344) 52929

* See EDN Magazine's "New Product Showcase Issue,” July 20, 1977.
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Meetings

Asilomar Conference on Circuits,
Systems, and Computers, IEEE et al.,
Asilomar Hotel, Pacific Grove,
Calif., Nov. 7-9.

Midcon, 1EEE, O’Hare Convention
Center and Hyatt Regency Hotel,
Chicago, Nov. 8 = 10.

Compsac 77—Computer Software
and Applications Conference, IEEE,
Sheraton-O’Hare, Chicago, Nov.
8§—11.

Magnetism and Magnetic Materials
Conference, IEEE, Radisson Hotel,
Minneapolis, Nov. 8§ —11.

AAMI/FDA Conference on Medical
Device Regulation, Association for
Advancement of Medical Instru-
mentation and U. S. Food and Drug
Administration, Hyatt-Regency Ho-
tel, Washington, D. C., Nov.
15-16.

26th International Wire and Cable
Symposium, U. S. Army Electronics
Command (Fort Monmouth, N. J.),
Cherry Hill Hyatt House, Cherry
Hill, N. J., Nov. 15—-17.

Electro-Time/77 U. S.—Design and
Manufacture of Electronic Watches,
International Society for Hybrid
Microelectronics, Florida Chapter,
Marco Beach Hotel, Marco Island,
Fla., Dec. 1 = 2.

Semiconductor Interface Specialists
Conference, I1EEE, Carillon Hotel,
Miami Beach, Dec. 1 - 3.

Chicago Fall Conference on Consum-
er Electronics, 1EEE, Ramada-
O’Hare Inn, Des Plaines, Ill., Dec.
5—6.

International Electron Devices Meet-
ing, 1IEEE, Washington Hilton Hotel,
Washington, D. C,, Dec. 5—-7.

National Telecommunications Con-
ference, 1EEE, Marriott Hotel, Los
Angeles, Dec. 5-7.

1977 Winter Simulation Conference,

IEEE, National Bureau of Standards,
Gaithersburg, Md., Dec. 5—17.
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S-D has just the right counter for your
communications and low frequency needs.

Communications Counters

Systron-Donner offers you a choice of no less than four communica-
tions counters from 100 MHz to 4,500 MHz. Small and lightweight, all
of these counters feature the latest advances i1 high speed, pracision
frequency measurement.

- Sensitivity: 10mV RMS (Models 6241A, 6242A, 6243A). Model 6244A:
10mV RMS to 500 MHz, —13 dBm above 500 MiHz. - Overload protec-
tion: Withstands high input signal levels without damage. - Display:
8 LED digits, 0.1 Hz resolution. - FTone measurement (opt.): Example:
measure 1020.01 Hz automatically in 1 sec. - Meet the whole family:
100 MHz Model 5241A — $595; 512 MHz Model €242A — $795; 1250 MHz
Model 6243A—3995; 4500 MHz Model 6244A— $215).

Low frequency counters, 10 and 80 MHz

Not all low cost countars are alike! S-D’s are differeni because they
can accurately measure most of the signals encountered in low fre-
quency applicat.ons. Here’s why:

- Three-position attenuator: x1, x10, x100. (avoids false counting)
- Offset contro! allows measurement of non-sinusoidal waveforms
- Four selectable gate times from 0.1 Hz t0100 Hz - 25 mV RMS s=2nsi-
tivity - Advanced input circuitry to assure error-free measuremants.
Model 6202B (10 MHe), $295. Model 62038 {80 MHz), $325. (U.S.
prices only).

For sales assistance, contact Scientific Devices or Systron-Donner at
10 Systroa Drive, Concord, CA 94518. Phone (415) 676-5000.

-~ SYSTRON @ DONNER— ]
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Our new 851 Digital Tester can
give you the leverage to con-
trol those costs.

Managing a service organization is no bed of roses. It's
big business. And it's continually gefting more costly.
Customer engineers, spare parts inventories, training,
designing for serviceability, documentation, and in-
strumentation all contribute to these spiraling costs. Be-
cause service is so important to the success of a com-
pany, you need to indentify those elements which have
-he greatest leverage for your service organization.

Consider instrumentation.

Typically it is less than 5°c of your overall service budget.
Yet the right test instrument can have a tremendous
impact on the other 95%...
training, salaries, inventory
| requirements, travel and
backup.

That's why we built the new
851 Digital Tester. It's a
synergistic:, new service in-
strument that combines the
‘unctions of many instruments in one pertable package.

‘We know that the task of servicing digital equipment is
threatening to outrun existing service resources. Your
tirst-line customer engineers are being required to make
more intricate measurements on increasingly complex
systems.

With the new 851, your first-line customer engineer will be
able to solve more problems in less time on the first call.
That's because he can rely on the measurement and
interpretation capabilities of the 851 to perform compli-
cated tests in the field. Not only does this save you the
expense of calling in the back-up engineer, but it also
gives your first-line engineer the satisfaction of solving
more problems on the first call.

A new concept in service instruments.

Your inventory of service instruments probably includes
oscilloscopes, DMM’s, counters,
timers, logic probes, thermometers,
and some special purpose test E
equipment.

A bench full of test equipment is a
great resource for your customer en-
gineer to rely on...as long as he
doesn't have to travel much.

But imagine a self-contained service
tnstrument that weighs only 13 7
pounds and makes most of those same measurements.

That's our new 851 Digital Tester.

The power of the 851 lies in the fact that even though this
one instrument makes the measurements of a variety of
test gear. it is also easy to use.

With just one turn of the knob you can dial 22 different
functions to make a wide ramge of system measurements
and tests.

851 Functions

MEASUREMENTS SIGNAL ANALYSIS SELF TEST

LOGIC STATE INDICATORS | TEST SIGNAL

I, LO, INVALID, ACTIVE |  EXERCISE FUNCTIONS
% BUTY FACTOR ADJUST PROBE
READOUT TEST

YOLTAGE
PEAK (25 ns to 25 ms)
AC TIME(20n8t0108)
[v'o] PERIOD
POWER LINE
INPUT LOG IS
THRESHCLDS

TEMPERATURE

FREQUENCY
PULSE WIDTH
INTERVAL
COINCIDENCE
TRANSITION

COUNTING
FREQUENCY RATIO
EVENTS BETWEEN

START AND
STOP PULSES

RESISTANCE
{0.112 ta 50 M)

TRANSITIONS BETWEEN
START AND
STOP PULSES

TOTALIZE

It's easy. Just dial a function, probe the circuit being
examined, and read the results directly from the auto-
ranging LED display.

And what about product support?
With Tektronix, it's worldwide.

Wherever in the world your service organization goes,
Tektronix is with you all the way. Servioe personnel at 46
Tektronix Service Centers in the U.S. as well as service
personnel in 50 other countries back our products.

Put the 851 to work in your
digital service environment.

The measurement capabilities of the 851 make it particu-
larty useful for sevicing computer peripherais, small busi-
ness systems, and industmal control equipment.

We had you inimind when we designed the 851 Digital
Tester.

For a demonstration, visit the TEKTRONIX booth at
WESCON. Detailed specifications. application notes and
a color brochure are also available for your information.
Please contact your Tektronix Field Engineer. Or write
Tektronix; Inc., PO. Box 500, Beaverton. OR 97077. In
Europe, write Tektronix Limited, PO. Box 36, St. Peter
Port, Guernsey. Channel Islands.

New concepts
in digital
service

Tektronix

COMMITIED TCHEXCHLIENECE
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MODCOMP

computers

are helping
bring back

On August 20, the National Aeronautic and
Space Administration launched the first of
two Voyager spacecraft atop a Titan
Centaur rocket for man’s most extensive
reconnaissance to date of the outer planets.
In September, the second Voyager was
launched. Both vehicles were placed in
trajectories that will take them to Jupiter
and Saturn and past several moons of both
planets. The spacecraft will arrive at Jupiter
in March and July of 1979, and at Saturn

in November, 1980 and August, 1981. One
of the Voyagers may then be targeted for
the first encounter with Uranus, some

1.7 billion miles from Earth, and possibly
Neptune. The decade-long journey could
take the vehicles to as many as 15 different
planets and satellites.

The success of the Voyager projects will
be measured by the ability of scientists to
track and monitor the activities of the
spacecraft and process the vital data
returned to Earth. These critical functions
are primarily performed for Voyager and
other ongoing space missions, including
Pioneer, Viking and Helios, by a series of
MODCOMP computers in the Deep Space
Network of Jet Propulsion Laboratories in

Artist’s concept of Voyager Spacecraft passing
Saturn—courtesy of NASA/Jet Propulsion Laboratory

the answers.

Pasadena, California, which includes
tracking stations throughout the world.

Meeting or exceeding exacting specifications
for performance and reliability such as
those required by NASA/JPL to help
guarantee the success of these missions,

is not unusual for MODCOMP. In fact, it
has become a way of life.

When it comes to solving problems with
computers, MODCOMP leads the way.
Whether your application calls for a single,
stand-alone system, or a full-blown network
of computers.

To learn more about how we can help you,
contact Modular Computer Systems, Inc.,
1650 West McNab Road, Ft. Lauderdale,
FL 33309, Phone: (305) 974-1380.

Solving Tomorrow’s Problems Today

European Headquarters:
Expcrt House, Woking, Surrey, England
Phone: (04862) 71471
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When you'’re small
you've got to be tough to last.

This rugged little %-watt fixed resistor (.145 L x .062 D) is hard to beat in durability. It's the
Type BB...part of a family that has passed nearly 800 million unit test hours without a
single failure. It's small enough to be mounted on .300 by .100 hole centers, eight
in the same space as one dual in-line package. It takes transient pulses that would
knock out most any film resistor of similar dimensions. Performance is excep-
tionally consistent from one resistor to the next. We have the space-saving
resistors you need. Our distributors have them when your need is now.

WW eliialility - —
=5

Proved in nearly 800 million unit
test hours without failure =

= Fotie Hozradszrap

characteristics offer out-
standing protection against

0&0’%’/@ transient surges.

typically less than 200 PPM over
normal operating temperature range
of +15°C to +75°C

¥ 9.0
f¥)) ALLEN-BRADLEY
oy, Milwaukee. Wisconsin 53204 & ECiae
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DEC Introducing
Its first 32-bit minl

Push Into In-circuit
tester market
speeded by Teradyne

Motorola lands
memory system job
called biggest of 1977

Intel reorganizes
microcomputer,
components units

Electronics/ October 27, 1977

Electronics newsletter

Digital Equipment Corp. is expected to announce its long-awaited entry
into the 32-bit minicomputer market. The system, to be named vax —for
virtual address extension—will prove to be a boon for PDP-11/70 users
who need the additional addressing capability, but wish to continue on
PDP software. With its own operating system for 32 bits plus compati-
bility with DEC’s 16-bit systems, the vAaX can directly address 2 megabytes
of memory, which DEC is implementing with its first wholesale use of
16,384-bit random-access memory chips.

Teradyne Inc., the Boston manufacturer of test and semiconductor produc-
tion equipment, is making its biggest move to date into the market for in-
circuit board testers with the introduction this month of its L529 assembly
inspection system. The L529 prescreens loaded analog, hybrid, and digital
circuit boards for between 70% and 90% of assembly and component faults
prior to functional testing of the board. Earlier this year, Teradyne
introduced the L429, which was limited to prescreening boards for short
circuits, but the new system puts Teradyne in direct competition with the
two small companies that have dominated in-circuit testing until now —
Faultfinders Inc. and Zehntel Inc. Teradyne’s Jeff Hotchkiss, product
manager for in-process test equipment, expects heavies GenRad Inc. and
Hewlett-Packard Co. to be close behind Teradyne into the in-circuit board
test fray, and for the competition to get “really fierce.”

A relative newcomer to the memory systems business has made what
shapes up as the biggest sale of the year. Motorola Semiconductor,
Phoenix, after barely one year in the business, has signed a contract with
the Link division of Singer Co., in Binghamton, N. Y., to supply 256-
megabit systems, each containing 18,000 16-k 6616 dynamic RAMs, and
6800-microcomputer control to replace rotating memory disks. Initial
orders are in excess of $1 million, potentially running as high as $20
million. Final competition was between Motorola and Intel Corp., which
was offering a charge-coupled-device version.

In response to ever-increasing pressure, especially from small, feisty
semiconductor manufacturers like Mostek Corp. in dynamic memories
and Zilog Corp. in high-end microcomputers, Intel Corp., Santa Clara,
Calif., has reorganized its operations into more manageable divisions. The
former microcomputer group has been split into two—a components
division headed by Leslie L. Vadasz, formerly assistant general manager
for microcomputers, and a systems division, headed by William C.
Davidow, formerly general manager for microcomputers.

The semiconductor components side of the house, which will be headed
by Edward L. Gelbach, formerly senior vice president and general
manager, has in turn been divided into two divisions—a fast static and
dynamic memory division headed by Ron Whittier, formerly director of
engineering for components, and a static random-access-memory, erasable
read-only-memory, and bipolar ROM division, headed by George Schneer.
Jack C. Carsten, marketing vice president, will have worldwide marketing
responsibility for components. Gelbach will also have responsibility for
special component developments for such dedicated applications as
automotive and telecommunications. This is the third reorganization of a
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major semiconductor manufacturer in the last few months, following
realignments at National Semiconductor and Fairchild.

Zilog chips In Microcomputer designers can look forward to powerful new entries next
. year at both ends of the performance spectrum. Zilog Corp. of Cupertino,
with more power; Calif., whose growing Z-80 microcomputer family v%as the first enhanced
Mostek enhances 3871 8-bit multichip design, will offer two: a single-chip Z-8 version for stand-
alone and minimum-chip controller configurations, and a 16-bit Z-8000
design for powerful high-end minicomputer applications. The expandable,
single 5-v Z-8, which promises to be the fastest one-chipper to enter the
market, can execute some instructions in as short a time as 1.5 us using a
4-MHz clock. The part has 2 kilobytes of read-only memory, 96 bytes of
random-access memory, and 32 input/output ports.

The 16-bit Z-8000, which functionally stands in the PDP-11/70 class,
will include difficult-to-implement multiply and divide instructions and
enough data-handling power to manage large blocks of external memory.
The company will also introduce the microcomputer industry’s first high-
level Cobol language set, for its midrange Z-80 family, in November and
Fortran in December.

Meanwhile, Mostek Corp. is planning an enhanced version of its stand-
alone 3871 one-chip design by year’s end. The part will have 4,096 words
of ROM —the biggest program capacity of any one-chip part—and 1,028
bytes of RAM, twice as many as the 3870.

Switching translistor Westinghouse Electric Corp.’s Semiconductor division in Youngwood, Pa.,
has developed and made available what is perhaps the biggest switchin
from Westinghouse transistor in existence. Designed for the industrial marketplgfe to eliminati
called biggest yet problems with thermal fatigue, the new D60T series devices, made with
the firm’s thyristor process, have a gain of 15 at 50 A and a peak-power-
handling capability of 200 A and 450 to 550 v. The stud-mounted devices
have fast switching speeds — less than 1-us turn-off and turn-on times.

Addenda Memory makers are having trouble delivering enough 16-k RAMs. Thus
the heavy demand is pushing average selling price to between $20 and
$30. Mostek Corp. is the leader with 800,000 units this year, followed by
Intel Corp. and Fujitsu Ltd. with another 800,000 between them. . . . To
conform to industry standards and in response to the success of unlatched
16-k dynamic RAMs, Intel is producing a new part, the 2117, that can
operate either latched or unlatched. . . . Engineers at Bell Laboratories in
Murray Hill, N. J., have developed a 16-k charge-coupled-device memory
optimized for 10-megahertz operation. While there are 65-k CCD memo-
ries, they operate in the 2-to-5 MHz range. . . . Harris Corp. has unveiled
four systems designed to automate newsrooms, composition rooms, and ad
departments of smaller daily newspapers with circulations of 20,000 to
50,000. Harris’s previous emphasis was on large metropolitan dailies. The
smallest of the new 2530 series, the 2531, which has four computer-linked
terminals, will sell for $225,000. Other prices range to $295,000. . . .
NASA is going to reorganize its headquarters “by way of streamlining
things,” says Administrator Robert Frosch. Details are due in mid-
November.
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DDC offers
two new hi-rel
four-quadrant

multiplying hybrid
D/A converters at
competitive prices.
The MDA 100 is a true
10 bit multiplying D/A converter with a full 10 bit
linearity. An 11 bit linearity unitis also available. The
16 pin MDA 100 is a pin-for-pin replacement for the
Analog Devices AD-7520 and the Hybrid Systems
HS-331.

The MDA 120 is a true 12 bit multiplying D/A con-
verter with a full 12 bit linearity. This 18 pin device is
pin compatible with the AD-7521.

Exclusive internal pull-up resistors guarantee
logic compatibility. DDC’s usual high reliability
features include welded instead of soldered lid
design for the ceramic package for the most rugged
military and industrial applications.

For hi-rel, high performance products DDC is
your first source. Write or call your nearest DDC
representative, listed in EEM, or call Mike Andrews
at 516-567-5600.

Multiplying DACs

from BEE

True 10 or 12 bit linearity.
Meets MIL-STD-883 €Class B.
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A Wholly Owned Subsidiary of ILC Industries, Inc

)

Airport International Plaza, Bohemia, New York 11716
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When the chips are down

Thelowest cost,
highest performance

mMIiCroprocessor wins.

And here it is: the 6500.

A full family of nine software com-
patible microprocessors, with com-
prehensive interface circuits and all
the supplementary memory you
could need. The technology is
N-Channel Silicon Gate with Deple-
tion Load implementation and lon
Implantation. This means the smallest
real estate coupled with high speeds
and a host of performance benefits.

Low Cost.

The 6500 is already established as
the most popular third generation
microprocessor family. We will ship
300,000 microprocessors this year,
for good reason. More capability at
remarkably low cost, for the chips
themselves, and for the overall
system.

The microprocessor itself is low
cost because:

- Smaller die than the 6800 or 8080.
- 28 pin versions available (pick the
one that’s right for you—pay only

for what you need).

- In high volume production —the
more we make the better we get and
the learning curve advantages derived
are passed on to the customer.

Your system will be low cost
because:

- Less ROM required for program-
ming code due to the flexibility
provided by having 13 different
addressing modes!!

- Minimum system requires only
2 chips. Select one of our micro-
processors, add a 6530 (RAM:
ROM:1/O:Timer) and you have a
microcomputer system.

- Lower component costs.

High Performance.
A fast 2MHz standard.

At 2MHz, the 6500 has a potential
throughput equal to a 6800 or 8080

running at 4MHz —if they could. All
our microprocessors are software
compatible within the group and bus
compatible with the 6800. Makes it
easy to improve performance and
costs in existing 6800 applications.

True Pipeline Architecture.

Unusual in a low cost microprocessor,
but even as the 6500 microproces-
sor is interpreting one instruction, it
is accessing the next memory loca-
tion. By doing its tasks in parallel,

the 6500 attains tremendous system
throughput, and overall performance
you'd expect to cost much more.

Thirteen Addressing Modes and
a Host of Other Advantages.

Our thirteen different addressing
modes include zero page and in-
direct indexed, features you'd not
normally look for in a low cost micro-
processor, but we have them. The
flexibility of these addressing modes
allows you to write your programs
using an average of 20-40% less
code. This means a savings in the
amount of ROM required.

With a choice of internal or
external clocks and drivers, you can
optimize the costs vs. timing control
requirements.

The 6500 family operates from a
single 5 Volt power supply; it has
true indexing capability, two inter-
rupt modes and addressable memory
range up to 65K bytes. It offers both
decimal and binary arithmetic.

Outstanding Interface Chips.

Our interface chips combine func-
tionswhich required several packages
in first generation microprocessor
systems. All feature 8-bit bidirectional
data bus for interface to the micro-
processor. The SY6530 has a 1K
byte ROM, 64 byte RAM, interval
timer and I/O.The SY6532 has 128
bytes of RAM, interval timer and 1/O.
The 5Y6520 Peripheral Adapter has

two 8-bit bidirectional data ports,
four peripheral control/interrupt
lines and is available at either 1 or
2MHz. It is a high performance
replacement for the 6820 Peripheral
Adapter. The SY6522 Versatile
Interface Adapter offers all of the
features of the 6520 plus latching
inputs, two fully-programmable
interval timers/and an 8 bit shift
register for serial interface.

Compatible RAMs and ROMs.

Where the application requires addi-
tional memory, we offer fully com-
patible 4K Static RAMs (2114) and
16K Static ROMs {2316A, 2316B).
Our mask programmable ROMs are
available in two week prototype
turnaround, and we're geared for
rapid shipments in production
volumes.

Multiple Sources, of course.
Rockwell and MOS Technology are
shipping identical parts on all mem-
bers of the 6500 microprocessor
family and interface circuits. New
designs are cross-fed among all three
as part of the cross-licensing agree-
ments. In addition to price and
performance, you're assured of
availability, too.

Complete Information is Free.
We want you to know all about this
low cost, high performance micro-
processor family. For data sheets on
any or all of our products, or more
detailed information, call or write to:
Jerry Demsky, Synertek,

3050 Coronado Drive, Santa Clara,
CA 95051. (408) 984-8900.

Twx: 910-338-0135.

Svnertek
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Don't waste money
and ruin PROM:s.

Move up to a first-rate programmer.

What defines a first-rate
programmer?

A first-rate programmer is
easy to use, safe (U.L. listed),
reliable, backed with a long-term
warranty, and flexible enough to
handle advances in PROM tech-
nology, a combination you get only
with a Pro-Log programmer.

Our systems take the mistakes
out of programming.

Our Series 90 PROM
Programmer walks you through the
programming process so there's
less chance for misprogramming.
Separate sockets for master and
copy PROMs make it impossible to
accidently destroy a valuable
master.

Vendor-approved programming,
full portability, free 2-year
warranty.

Using vendor-approved PROM
personality modules, Pro-Log’s
field-proven programmers program
every major MOS and bipolar
PROM.They also program generic
PROM families and do gang
programming.

They weigh less than 20
pounds so they go where you need
them. And they're backed by the
longest warranty in the industry, 2
full years parts and labor.

3 ‘m!

A first-rate programmer is
economical, too.

A Series 90 master control
unit costs only $1,800. A Series 92
PROM Duplicator master control
unit costs only $1,145. Single PROM
personality modules cost from $325
to $450. Generic modules start at
$350. Gang modules which program
8 PROMs simultaneously are $895.
All modules come U.L. listed and fit
both the Series 90 and the Series
92. Options include CMOS RAM
buffer (to 4K bytes), RS-232
(terminal or modem) interface,TTY,
parallel interfaces, paper tape
reader, U.L. listed erase light, check-
sum option, and Auto-baud*

Find out what else a truly first-
rate programmer has to offer.
Call or write for a free
pamphlet giving you comparison
checkpoints. Pro-Log Corporation,
2411 Garden Road, Monterey, CA
93940. Phone (408) 372-4593.

T |PRO-LOG

CORPORATION
Microprocessors at your fingertips.
*Trademark, Pro-Log Corporation
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Significant developments in technology and business

Optoelectronic
plug-in modules
aim at computers

Hewlett-Packard designs
transmitter, receiver units

to be linked by fiber optics

for computer-interface chores

Now making headlines in telecom-
munications, fiber optics may next
make it big in computing systems, if
Hewlett-Packard Co. has any hand
in the matter. To encourage such a
development, it has built optoelec-
tronic replacements for conventional
line drivers and receivers.

The firm’s Optoelectronics divi-
sion in Palo Alto, Calif., is readying
a pair of transmitter and receiver
hybrid-circuit modules designed to
make things easy for a would-be user
of fiber-optic cable. Moreover, ac-
cording to HP’s project manager, Del
Hanson, the modules are already
being tried out by a select handful of
original-equipment manufacturers.
These include OEMs involved in
computer-to-peripheral interface
and process-control applications—
areas HP will concentrate on develop-
ing—as well as digital communica-
tions. HP will not say who the OEMs
are. Also included are groups in
other HP divisions, whose feedback
should influence the final design.

System solution. “We have endea-
vored to solve a systems problem
rather than just offer a bunch of
parts the user musc put together,”
Hanson points out. Only a S-volt
supply is needed to put a user on the
air once a fiber-optic cable has
linked the transmitter and receiver
modules diagrammed at the right.
The light-emitting-diode transmitter
contains a modulator interfaced with
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the digital data input by transistor-
transistor logic. The receiver module
has a p-i-n photodiode detector and
100-decibel gain amplifier and in-
cludes automatic leveling circuitry to
accommodate a wide input dynamic
range.

But HP has not stopped there. It
has also designed into the receiver
automatic monitoring circuitry that
sends diagnostic pulses over the link
to check for continuity even when no
data is being transmitted. The
optical line-coding technique on
which the monitor relies is trans-
parent to the user and has been
patented by HP, Hanson says.

Each module comes in a five-pin,
single in-line package with an
optical-fiber connector. At 0.31 inch
high, they are about the size of the
small 9-v battery used in transistor
radios and can be plugged right into
existing data-communications
systems. “They replace the line
drivers and receivers that accept TTL
inputs and operate over a twisted
pair,” says Joseph Bagley, HP’s
product marketing manager.

Such twisted-pair links can reach
data rates of a few megabits per
second, but only over relatively short
distances, he explains. For longer
distances, the data must be fed into

5V
:
LA ! LIGHT-EMITTING-
tN TRANSISTOR PULSE DIODE DRIVER d
N LOGIC (SIPOLAR || (TEMPERATURE
AND VOLTAGE |_Ja T—
HRTFRAR COMPENSATED) OPTICAL
PORT
ON-OFF
ENABLE
— BURRUS LED
5 - EMITTER
o—1
oo TRANSMITTER
5V
—
. E HIGH-GAIN RECCOING i )
OPTICAL] AMELIFIER COMPENSATION BUFFERS TATA
PORT r ouT
S MONITOR
PHOTO AUTOMATIC . A
0I00E LEVEL .. )
OETECTOR CONTROL
-
GNO
RECEIVER

Almost complete. Transmitter and receiver modules contain the elements, like an automatic
level control, TTL buffers, and link monitor, that a user ordinarily would assemble separately.
All that is required now is a 5-V supply and an optical-fiber cable.
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Pluggable. Pair of optoelectronic modules
plug into printed-circuit board, shown with
circuits for handling data-encoding chores.

modems and sent over a telephone
line or dedicated in-plant line, but
then data rates are more limited —to
about 20 kilobits per second.

The fiber-optic modules, on the
other hand, will handle far higher
data rates—up to 10 megabits per
second, synchronously or asynchro-
nously —and for any distance up to a
kilometer with no adjustments, Ba-
gley points out. “With automatic
leveling, the system behaves like a
long TTL gate and requires no adjust-
ments to adapt to varying link
lengths,” he says. Also, the system is
far more secure in noisy environ-
ments and where protection against
lightning and freedom from ground
loops are essential.

Next year. “We expect to have
fiber-optic modules on the market by
the middle of next year,” Bagley
says. Except for the cable, Hp will
fabricate all of the system elements.
These include the connector and the
gallium-aluminum-arsenide Burrus-
type LED that operates at 820 nano-
meters in the infrared. Such LEDs
have long been products of the
Optoelectronics division, as well as
photodiodes, optical couplers, and
laser diodes.

The LEDs deliver 100 milliwatts of
optical power into the fiber at a drive
current of 35 milliamperes. Up to
1 km, the system’s bit error rate will
be 10-° for data rates to 10 Mb/s,
according to Bagley. For shorter
distances —up to about 300 meters —
a 20-Mb/s data rate with better error
rates is possible. O
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Fiber optics

Computer uses

stir interest at IBM

While Hewlett-Packard Co. readies
its new optoelectronic modules, none
other than 1BM is smiling on the
application of fiber optics to the
computer. At least, the technology
was viewed favorably by R. Gary
Burke, manager of advanced net-
works at 1BM Corp.’s System Com-
munications division at Research
Triangle Park, Raleigh, N.C., in a
paper he delivered earlier this month
at the International Telecommunica-
tion Exposition in Atlanta.

Burke maintains that fiber optics
will be welcomed into the computer
itself, not just into the telecommuni-
cations lines that link systems,
because of problems insoluble with
present technologies. This means
that fibers could very well be
replacing copper wires on a one-to-
one basis, rather than being used for
the multiplexing of thousands of
signals that their huge bandwidths
can readily permit. One reason, says
Burke, is the density of interconnec-
tions required for increasingly com-
plex computers: as many as 100
fibers per linear inch can be packed
together, compared with a limit of
20 wires. Moreover, other drawbacks
of wire, such as electromagnetic
interference, crosstalk, and the cost
of copper itself, should spur develop-
ment of cheap, noise-immune fiber-
optic cabling, he points out.

Market forecast. Agreeing with
Burke is Helmut F. Wolf, a vice
president at the market research
firm of Gnostic Concepts Inc., Men-
lo Park, Calif. In a paper also
delivered at the Atlanta meeting, he
predicted that as early as 1980 there
will be a $119 million worldwide
market for optical fibers and con-
nectors, and 16%—or about $19
million—will be used in computers
alone. By 1990, in fact, Wolf even
expects to see optical signals in data
processing —involving fully inte-
grated systems without the need for
electro-optic conversion.

Burke divides the computer appli-
cations into four areas according to
path length. The longest runs will be
in “data-highway” applications of up
to about 3 kilometers— for example,
in process-control systems where
wires must be run from many
sensors to central computers. The
fibers’ small size, low cost, and
immunity to interference will make
them a natural for the harsh envi-
ronment of in-plant networks just as
soon as reliable hardware for tap-
ping the fiber-optic cables is avail-
able, Burke says.

The second area of applications is
in what Burke calls extended ma-
chine rooms: computer centers with
mainframes and peripherals requir-
ing links of up to about 300 meters.
Here, fiber optics can overcome the
distance/data-rate tradeoffs of coax-
ial cable, covering much greater
distances without distortion. This is
particularly important in parallel
data transfer, where skew among
channels is intolerable.

Burke’s third computer hardware
segment that could be served by
fiber optics is on the level of local
attachment — word-processing and
small-business-system equipment in
offices and contained within a diam-
eter of 30 meters. The electrical
isolation that fibers afford, as well as
the ease with which they can be
hidden, is unmatched by wiring.

Finally, fibers will work right
down into the circuit board wiring
itself, requiring lengths of 3 m and
less. Here, fiber optics offering high
interconnection density without
crosstalk is right at home.

Hardware needed. When will the
switchover from wires to fibers
occur? As far as IBM is concerned,
Burke refuses, of course, to say. But
the transition hinges on more than
1BM’s desires, for qualified hardware
has yet to be made available. “We
need more development of output
devices and receivers,” Burke says,
to get out of what he calls “the
crystal set age,” referring to the days
of radio some 75 years ago. Also
needed are low-cost electro-optical
interfaces, he adds, concluding, “we
haven’t even got a single inexpensive
connector yet.”
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Photovoltalcs

Silicon ribbon attains
width of 3 inches

He has been able to do it only twice
now —pull silicon out of a melt in a
ribbon that is 3 inches wide. But for
A.l. Mlavsky the feat has heart-
ening implications. ““We have proven
the basic postulate that we can grow
silicon consistent with the goal of
cutting solar cell costs to 50 cents
per peak watt,” says the executive
vice president of Mobil Tyco Solar
Energy Corp. in Waltham, Mass.
But, he adds quickly, there is still
much to be done to perfect the
system, which relies on the process
of edge-defined, film-fed ribbon
growth that his company has pio-
neered.

Cartridge. Until now, Mobil Tyco,
formed in January 1975 by Mobil
Qil Co. (which owns 80%) and Tyco
Laboratories Inc. (20%), has been
able to repeatably produce only 1-
and 2-in.-wide silicon ribbon. For the
3-in.-wide ribbon, it has built a
special cartridge, shown at the top
right, that is placed above the
trough-like silicon furnace. The car-
tridge guides and cools the ribbon as
it is pulled through the same kind of
die used in the company’s conven-
tional film-growth process.

Growth is initiated by touching a
seed to the silicon meniscus that
forms at the top of the die. The seed
is then pulled up through the top of
the approximately 9-in.-high car-
tridge, and a belt and pulley system
moves the ribbon up. The shape of
the ribbon, including its thickness, is
controlled by the dimensions of the
slit in the die.

Altogether, about 4 feet of the 3-
in. p-type silicon ribbon has been
pulled through at a rate of 3 in. per
minute, using one cartridge at a
time. The ribbon has been about 0.5
millimeter thick. Thinner ribbon—
less than 8 mils thick—would be
suitable for solar cells and could be
grown faster. But to grow ribbon
faster, and thus bring costs down,
Mlavsky counts on using several sets
of die and cartridge simultaneously.
For example, Mobil Tyco has grown
three 1-in. ribbons at a time from a
single melt and has built a cartridge
and furnace system capable of
producing five 2-in. ribbons at a
time.

The work is being done under
contract to the Department of Ener-
gy as part of the Low-Cost Silicon
Solar Array Project administered by
the Jet Propulsion Laboratory in
Pasadena, Calif. The goal of the
project is to produce solar cells
costing SO cents per peak watt of
electric output power by the year
1986.

tered in Exeter, N. H.

New high in solar panel efficiency

While continuing to refine its cartridge-growth process for silicon ribbon,
Mobil Tyco Solar Energy Corp. has also reached a new milestone in solar cell
panel efficiency in a panel whose cells were made with its conventional edge-
defined, film-fed growth (EFG) process. A panel containing 42 cells each
measuring 1 by ¥« inch was rated earlier this month at an overall efficiency of
8.49%. Japan Solar Energy Co. recently reported efficiencies of 6.3% in
commercially available panels made up of EFG-grown cells [ Electronics, Oct.
13, p. 53]. The Japanese firm is partially owned and licensed for the EFG
process by one of Mobil Tyco’s parents, Tyco Laboratories Inc., headquar-

The Jet Propulsion Laboratory has reported panel efficiencies as high as
7.3% in panels made from circular cells that were part of a buy of 46
kilowatts of solar cells. Considering cell area alone, and not including the
borders of the package, the Mobil Tyco panel has an efficiency of 9.3%. A. .
Mlavsky, executive vice president of the company, stresses, however, that
the panel was carefully selected and that Mobil Tyco will not be in small-
quantity production of such efficient panels until next year. ‘“‘But it indicates
what we can do with the EFG process,’” he observes.

Electronics /October 27, 1977
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Grower. Special Mobil Tyco cartridge helps
cool 3-in.-wide silicon ribbon as it is pulled
from molten furnace. This annealing prevents
brittleness and shattering.

Mlavsky explains that the work at
this point is “aimed at getting the
mechanical bugs out of the design,”
rather than producing good-quality
silicon. “It’s a very complicated
piece of machinery,” he says of the
cartridge, “and we’re working at
modifying its cooling and heating
systems.”

The cartridge overcomes one of
the biggest obstacles to fast ribbon
growth: brittleness and the suscepti-
bility of the ribbon to shattering.
The wider ribbon can shatter easily
if it cools too quickly after being
pulled through the die. To solve the
problem, Mobil Tyco’s cartridge
incorporates heat-removal elements
made up of water-cooled shoes
through which gases pass to cool the
ribbon and solidify it faster. Then
the ribbon is reheated and cooled to
relieve the stresses that could cause
shattering.

As the ribbon is pulled up through
a set of cooling plates, its tempera-
ture drops gradually from about
1,200°C to 600°C. The pulley and
belt system that moves the ribbon
through the die and cartridge is
attached to the top of the latter.
When the ribbon reaches an appro-
priate height, it is scribed and
broken off, to be cut later into indi-
vidual rectangles for solar cells.

How wide will Mobil Tyco even-
tually grow the ribbon? Mlavsky is
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not sure. “The size of the solar cell
would depend on the final panel size
in terms of current and voltage and
on the kind of cell-making ma-
chinery that is available,” he says.
“A very large cell would, for exam-
ple, be difficult to metalize, and
there are limits on the sizes of diffu-
sion furnaces and equipment for
putting down antireflection coat-
ings.” Accordingly, Mlavsky believes
that ‘“somewhere between 3 and 4
inches at the narrowest could be
optimum.” O

Displays

TI's flat CRT is
simply a flat CRT

The flat-screen replacement for the
cathode-ray tube is being vigorously
researched at various laboratories
with such approaches as liquid-crys-
tal, electroluminescent, and gas-
discharge technologies. But why not
just make a flat crT? Workers at
Texas Instruments Inc.’s corporate
research lab in Dallas have done just
that, building a crT with a display
area of 6 by 8 inches and a depth of

only 2 in. Comparable 10-in.-diag-
onal tubes used in data terminals
have a 12-in. depth.

Two changes make the thin size
possible, says William C. Holton,
director of the advanced components
lab and the group leader on the
project. First, the point cathode of
the conventional CRT is replaced
with an area cathode (an array of
closely spaced filament wires). Sec-
ond, a multilayer control and switch-
ing stack is inserted between the
cathode and phosphor screen.

The switching stack individually
addresses each dot of the five-by-
nine-dot matrix making up each of
the screen’s 1,920 alphanumeric
characters. It consists of three
layers, each with the five-by-nine
hole pattern for the characters
repeated 1,920 times. The first
enables one horizontal character row
at a time, while the second and third
enable individual rows and columns
of dots in each character. This
reduces the number of addressing
leads from the 590 typically required
for a gas-plasma matrix display to
only 108 for this tube, says Holton.

The cathode is actually an array
of oxide-coated tungsten filament
wires that generate electrons as a
directly heated cathode. It takes

I Y Y Y Y Y

AREA
CATHODE

6 IN.

\‘\ ELECTRONS

4

SWITCHING
STACK

fo— 2:IN. |

FACEPLATE

Il

TUNGSTEN
FILAMENTS

CONTROL
AND
FOCUSING
HOLES

00000
00000

SWITCHING STACK

Experimental. Two-inch-deep cathode ray tube has 6-by-8-in. viewing area and relies on

electrons created by tungsten filaments that stream through holes in switching stack.
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somewhat more power than the
small cathode in a conventional CRT,
Holton says, but the efficiency
overall is about the same, since no
power is required for deflecting the
beam, as it is for the conventional
tube with a deflection yoke.
Characters. The present version of
the 11 tube, which will be described
at the upcoming International Elec-
tron Devices Meeting in Washing-
ton, displays 24 rows of 80 charac-
ters each. Although gray scale is
achievable with pulse-width modula-
tion of the addressing signals, Hol-
ton says the major application
appears to be in character displays.
Holton emphasizes that TI’s flat
CRT is very much a research project.
But he notes that most of the effort
up until now has been directed
toward alphanumeric displays,
though video displays are not being
ruled out. For such uses, the major
problem will be in creating finer-
hole geometries for the increased
resolution that is required. O

Automotive

Electronics adjusts
shocks, smooths ride

As American cars get smaller, can
they still provide the good ride
familiar with larger ones? Monroe
Auto Equipment Co., the shock-
absorber manufacturer, thinks it has
come up with an electronic sensor
that will help them do so.

Monroe’s sensor replaces the me-
chanical height leveler that is
installed as an option on about 5% of
the full-size cars sold today. But
instead of relying on mechanical
means to sense the axle-to-body
distance, the firm has placed a light-
emitting diode and a pair of photo-
sensitive resistors inside the air
chamber of a standard air-spring
shock absorber. Ford Motor Co. and
Chrysler Corp. are reported to be
testing the system, and General
Motors Corp. is offering a similar
electronic setup for the first time on
1978-model cars.

Air-spring shock absorbers, which

Electronics /October 27, 1977



SORENSEN

IS THE SOURCE.

FORTWICE AS MANY OPEN-
FRAME POWER SUPPLIES.

Now, Sorensen offers you almosttwice as many e No overshoot with turn-on, turn-off or
single outputs, plus new duals, to make your power failure.

selection of OEM DC power supplies just that o [ ow heat dissipation, high temperature
much simpler. stability.

Check our features: ¢ UL recognition.

e 115/208/230 VAC input standard. * One-year warranty, backed by worlcwide
e Madein U.S.A. with quality components. service organization.
e Conservatively designed and rated. * Stocked forimmediate delivery.
Single Output Single Output Check our specifications:
Model Voltage Output Price || Model Voltage Output Price AC Input Power: 105-125V, 190-226V, 210-250V
+ 5% Current + 5% Current (available by using taps on transformer).
adjustable (Adc) adjustahble (Adc) Frequency 50 to 63Hz. (Derate Io 10% at50Hz.)
@40°C* @40°C* Voltage Regulation (comb. line and load): +£0.15% +
SOC 2.3 2V 30 $ 3511 SOC15.95 T5v 95 $113 6mV for 105t0 125 Vac‘an.d 100% load change.
SOC 2-6 oV 6.0 58| SOC 15-13 15v 130 149 Voltage Ripple and Noise: 1.5mVrms, 5SmVpp.
SOC 2-10 oV 1 0'0 72 . - Temperature Coefficient: 0.03% per °C.
SOC 2-18 oV 18'0 13 SOC 24-1.0 24V 1.0 35 Stability (24 hours): 0.2% after 1-hour warm-up.
SOC 2-25 oV 25'0 149 SOC 24-2.2 24V 2.2 53 Remote sensing: 100mV maximum drop in each leg.
i SOC 24-3.5 24V 3.5 72 Operating Temperature: 0°C to 60°C.
SOC5-3 5V 3.0 351| SOC24-6.6 24V 6.6 113 Storage Temperature: -20°C to + 85°C.
SOC 5-6 5V 6.0 58 [| SOC 24-¢ 24V 9.0 149 Overvoltage Protection: Available on all modeis except
SOC5-10 5V 10.0 72 ¥ 2 volt. Specity by adding *‘VP"' suffix to model number.
SOC5-18 5v 18.0 113 Zgg gg_gg ggg gg gg Add $8 to unit prices. ($12 to unit prices over $100.)
SOC5-25 5V 25.0 14911 s0C 28-3.1 28V 3.1 72| Current Foldback: Automatic, factory-set to 140% rated
SOC 12-1.6 12v 16 35|} SOC28-6 28V 6.0 113| (40°C)outputcurrent.
SOC 12-4.0 12v 4.0 58 || SOC28-8 28V 8.0 149 Cooling: Convection.
SOC 12-6.0 12v 6.0 72 Finish: Black anodize.
SOC 12-11.0 12v 11.0 113!| puat
S0C 12180 12/ 120 2 s:;: ?:[t:j t 12Vto 15V 10 | $50
0 15 d
SOC15-1.5 18V 1.5 3511 soc15D-2 | 12Vio 15V 2.0 75 )
SOC 15-3.0 18v 3.0 581 sOC15D-4.5 | 12Vio 15V 45 115|  Call us for OEM discounts:
SOC15-5.0 15V 5.0 72]] s0C15D-6 | 12Vto15V 6.0 154|  (603)668-4500.

*Free-air rating — no external heatsink.

[A Raytheon Company J
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Level sensor. Oil tube is in a position to
block light from diode before it strikes
photoresistors to help set auto level.

combine the damping function of a
piston in an oil-filled reserve tube
with an air chamber that acts as a
spring, help maintain a constant
distance between the rear axle and
the body of the car as loads are
added. On trucks, such shock ab-
sorbers are usually offered with a
tire-type valve, and they can be filled
with air at a service station after the
truck is loaded. Car manufacturers,
on the other hand, have added a
mechanical leveling valve and air
pump to come up with a system that
automatically responds to any
weight added to the car, preserving
the original axle-to-body distance
and thus the ride quality.

Replacement. Monroe has simply
replaced the mechanical leveler with
an optical height sensor and elec-
tronic module. Unlike the mechan-
ical device, it can be placed well
away from the dirty and hazardous
area beneath the car. “The idea of
building a height sensor into an air
shock isn’t new, but previous at-
tempts have been either mechanical
or pneumatic and haven’t worked
out,” says Robert W. Hegel, chief
engineer for advanced engineering
and research at the Monroe, Mich.,
firm.

In the electronic system, the
photoresistors are mounted one
above the other on a plastic card that
curves around the inside of the air-
spring chamber, as shown in the
diagram. The card also contains, at
the far end of the curved card, the
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light-emitting diode, as well as an
integral four-terminal connector.
Silicone rubber glues the card to the
chamber wall and also provides an
air-tight seal for the terminals and
maintains the spring’s 200 pounds
per square inch pressure.

Depending on load, the oil-filled
tube moves within the air chamber,
blocking the LED’s light from one,
both, or neither of the photoresistors.
An electronic module, located under
the hood or in the passenger
compartment and about the size of a
pack of cigarettes, senses the voltage
changes in the photoresistors. It
contains two standard complemen-
tary metal-oxide-semiconductor
quad gates and a handful of
discretes.

Logically done. “When the logic
sees that the resistors are both on, it
turns on an air pump to fill the
shocks and raise the body; when
they’re both off, it turns on a sole-
noid valve that bleeds the shocks,”
Hegel explains. A simple resistor-
capacitor network builds in a 15-to-
20-second time delay that blinds the
system to normal suspension move-
ments, such as those encountered on
curves or when braking for a stop.
The desired axle-to-body height can
be held to within a quarter inch and
is determined by the vertical place-
ment of the photoresistors, which is
different for every model car. “We
can use off-the-shelf components
because we’re getting an airtight,
light-tight, watertight chamber for
nothing,” Hegel says.

Monroe is not giving the price of
its electronic system, which comes
with an electric air compressor, but
it should be tagged well under the
$90 to $120 that the mechanical
option now commands. Besides its
cost savings, it should prove more
reliable, Hegel stresses, because it
reduces moving parts and is housed
in a relatively benign environment. It
also shaves two pounds from the
leveling system.

For its electronic leveling system,
General Motors’ Delco Products
division, Dayton, Ohio, opted to
package the optical height sensor
and electronic circuitry together in a
3-by-4-by-¥+in. module fastened to

the auto body above the rear axle.
Height changes caused by varying
loads in the car are translated to a
circular motion by a mechanical
linkage, and a circular shutter
breaks the light path between two
LEDs and two phototransistors. Volt-
age outputs are sensed by a custom
p-channel Mos device that also
sets a delay before activating the air
compressor or exhaust solenoid [

Military

Defense electronics
to up budget share

U. S. spending increases for military
missiles and space programs will
help defense electronics contractors
boost their share of U.S. military
outlays from 18.2% next year to
about 21% in the next decade. That
is the latest estimate of the Elec-
tronic Industries Association, in a
forecast of military spending on elec-
tronics through fiscal 1987 for three
key Defense Department catego-
ries—procurement, operations/
maintenance, and research, develop-
ment, test, and engineering. After
discounting an estimated annual
inflation rate of 6%, the association
sees outlays in those categories rising
an average of 3.3% a year, even
though the total defense budget
grows no more than 1.4% annually.

Cruise missile programs are seen
as a major factor in boosting missile
electronics outlays to $3.4 billion in
fiscal 1982 from the $2.3 billion
level in fiscal 1977, which ended
Sept. 30. Spending will then flatten
out at about $3.5 billion a year as
production programs stabilize and
development is complete, according
to Rockwell International’s Wendell
A. Johnson, who coordinated the
forecast for the EIA.

Development of the advanced
intercontinental missile known as
M-X, for missile-experimental, de-
pends on the outcome of arms-limi-
tation talks with the Soviet Union,
he points out. “But if sizable
portions of the future budget are
allocated to M-X, the total missile
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Our filters

areveryaclive.

In telecommunications, navigation,
radar, sonar, modems, audio signal
processing, medical equipment and
industrial controls, General Instrument hybrid active filters
are busy shaping up frequencies for optimum performance.
And most important, Gl Microelectronic hybrids are actively
saving customers engineering time, PC board space, and
production costs.

Low pass, high pass, band pass, band reject or notcn
response...whatever your filter requirements are, General
Instrument can help you bring your product on stream faster
and be more competitive. For example, you can choose Gl's
Universal Active Filters. These low cost units can generate
any filter response. They
give you independent con-
trol of frequency, Q and
amplifier gain and you
need not spend a lot an
external res.stors,
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You can choose from Gl's wide se-
lection of standard active filters: low pass
for PCM transmit and receive appiications

...banc pass for signaling and tone receiver applications. ..

and band pass for suppression and separation of DTMF

and MF frequencies. Those filters designed for service
in telecommunications exceed AT&T specifications. And
you can select them in a wide range of packages — DIP,

SIP and TO-8.

In additior to helping you save time and costs, Gl
hybrids are compatible in size with other space-saving
LS| devices. Cemputer-con:rolled dynamic laser trimming
and 100% testirg assures reliable performance. What else
would you expect from the leader in microcircuit tech-
nology? Before you design or buy another active filter,
look c'osely at Gl's "very active" hybrids — write today
or call General Instrument Micreetectronics, 600 West
John Street, Hicksvilie, New York 11802, Telephone:
516-733-3107.

We help you compete.

GENERAL INSTRUMENT CORPORATION
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Waiting for the Energy Department

From the newly formed Department of Energy the message for electronics
companies is *‘wait and see.” According to Fred Weinholt, a staft assistant to
James Schlesinger, the new energy secretary, the conflict between Congress
and President Carter over the nation’s energy strategy means that any
department action must be put on hold.

He told a seminar on opportunities for electronics companies in the Energy
Department at the Electronic Industries Association annual meeting, held in
San Francisco this month, that “‘about all that is certain is that there is an
Energy Department and that its responsibility is energy.” With a first-year
budget of $10.4 billion, it already has 20,000 employees overseeing a grab
bag of responsibilities from such agencies as the Interior Department (power
marketing such as the Bonneville Power Administration); the Interstate
Commerce Commission (oil rates); Housing and Urban Development
(housing energy standards); and the old Federal Energy Administration and
the Energy Research and Development Administration.

Although this conglomerate has been reorganized and split into three key
divisions—basic research, demonstration, and commercial development —
the exact organizational structure has not been worked out yet. “It's no use
giving you names, titles and responsibilities,”” Weinholt says, ‘‘because
tomorrow it could all be difterent.”” Except for Schlesinger and his immediate
assistants, top assistant-secretary and administrative jobs have not been
permanently filled. “‘Until the current congressional debate over the energy
bill is settled, it's anybody’s guess as to when the positions will be

\

permanently filled,”” he says.

fusion, and nuclear energy.

electronics content will rise drasti-
cally” from the projected average of
38.2%, he says.

Countering threats. Acceleration
of military space programs to coun-
ter new Soviet anti-satellite satellites
coupled with enhancement of U.S.
reconnaissance capabilities could
produce explosive growth in space
electronics over the decade. Penta-
gon outlays are expected to climb,
especially in the first half of the 10-
year period. They should climb from
$790 million in fiscal 1978 to nearly
$1.2 billion in fiscal 1982 and then
remain essentially stable through
1987. The Carter Administration is
pressing to hold defense spending
down over the near term, so avionics
outlays are forecast to slip from the
fiscal 1978 high of $3.32 billion to
$3.17 billion by fiscal 1981. The
increases in missile and space elec-
tronics spending are expected to
offset this decline, also caused by the
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In spite of the organizational uncertainty, there is no shortage of
contracting money. The biggest chunk—$2.8 billion-—goes to the new
energy technology office for work on solar, geothermal, fossil, magnetic

Under the new system, the energy research office handles basic research.
Then the energy technology office will take over once a project has reached
demonstration levels. Finally, the resources applications arm will launch a
push for commercial development if that seems appropriate.

completion of much of the R&D for
new tactical aircraft, Johnson says.
Increases in missile electronics
should offset losses caused by this
summer’s cancellation of Rockwell’s
B-1 strategic-bomber program.

But Johnson’s forecast team sees a
revitalization of the military avionics
market in fiscal 1982, as a new
RDT&E cycle begins for the next
generation of warplanes. Outlays
will begin climbing slowly, reaching
a high of $4.3 billion in 1987.

On the Navy side, the association
forecasts an electronics program that
is essentially stable with slight
growth, according to Johnson. Ef-
forts to cut military spending could
produce a small cutback in the first
five years, he points out. But present
estimates are that the market will
climb from $1.5 billion in fiscal 1978
to $2 billion in fiscal 1982 and then
grow slowly to a $2.3 billion peak by
the end of the 10-year period. a

Meetings

Midcon show looks
like a hit in Chicago

There is now no electronics market-
place as diverse as in the Midwest,
yet only five years ago most of its
industries had not discovered elec-
tronics. To mark these manufac-
turers’ interest, they will have their
own electronics show next month in
Chicago. Officially, it is called
Midcon/77, and one wag has
already titled the exhibition “the
electronics show for the nonelec-
tronics industries.”

All signs point to Midcon’s suc-
cess, a coup for Electrical and Elec-
tronics Exhibitions Inc., the organi-
zation that runs the Electro and
Wescon shows. Like its East Coast
and West Coast siblings, Midcon
will travel to a different city each
year, so EEEI will have almost blan-
keted the country with alternating,
regional electronics shows. Next
year, Midcon will bow in Dallas, and
tentative plans call for a Chicago
encore in 1979 and an Atlanta site in
1980.

Backed by local sections of the
Institute of Electrical and Elec-
tronics Engineers and the Electronic
Representatives Association, EEEI
will have succeeded in the heartland
market, a geographic and industrial
sprawl that has killed off other
attempts at electronics shows. This
year’s Microfair, for example, was a
Wema-planned show that did not get
off the ground. Chicago’s National
Electronics Conference, thriving at
McCormick Place in the 1960s,
dwindled to nothing in 1976, al-
though it returned this month in an
abbreviated format without exhibi-
tors.

Electronics manufacturers, how-
ever, are backing Midcon resound-
ingly. Some 220 exhibitors will fill
almost 400 booths when the doors
open Nov. 8 at the O’Hare Exposi-
tion Center in suburban Chicago.
While that is not up to Electro 77’s
560 booths, or Wescon/77’s 687, it is
well over Midcon’s 250-booth pro-
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Overspecifying
your cermet trimmer needs?

Why use multiturn trimmers when CTS single turns

provide settability accuracy of .03%...approaching
that of a 20-turn trimmer. Compactness, economy
and excellent performance add up to a lot of effi-
ciency in product design. You get all these benefits
when you rely on CTS single turn cermet trimmers.

For example, the %" diameter Series 375 is avail-
able in six popular terminal styles. And they're priced
as low as 25¢ each in production quantities.

The CTS Series 345 is a "mini” %" round design
featuring low .180" profile, sealed construction and
production priced at just 70¢ each.

The %¢' square Series 360 satisfies a wide range
of critical OEM applications. Eleven popular grid
spacings include both top and side adjust .100"
1257 .150" and TO-5 centers. Low priced, too. Under
40¢ each in production quantities.

All available off the shelf from CTS Industrial
Distributors. CTS single turns handle nearly every
trimmer application...economically! You be the
judge. Call for your Free Sample. CTS of West
Liberty, Inc., 6800 County Road, West Liberty, Ohio
43357. Phone (513) 465-3030.

@ sx)

CTS corpORATION ‘\“’ cf

A world leader in cermet and variable resistor technology
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jection. Also it bucks the wait-and-
see attitude of manufacturers that
prevails at most new shows and is
robust support for a show announced
in February, after many firms had
already decided where to spend their
show money for the year. Atten-
dance at the three-day affair should
hit 15,000, officials estimate.

A whopping attendance, of course,
is what exhibitors demand from any
show, and the technical program is a
major attraction for many people.
Midcon has marshaled 30 technical
sessions, to be housed at the neigh-
boring Hyatt Regency O’Hare Ho-
tel, which it hopes reflect the person-
ality of the show’s 400-mile radius.

Starring part. Fully a third of the
program deals exclusively with the
microprocessor, the component that
has brought Midwestern manufac-
turers of such diverse equipment as
automobiles, appliances, farm equip-
ment, machine tools, pin-ball ma-
chines, and steel into the electronics
business. Reflecting the problem of
applying electronics to electrome-
chanical gear, the sessions stress
microprocessor interfacing and pe-
ripherals rather than architecture
and memory.

Other sessions are devoted to
process control, automotive electron-
ics, and satellite-based remote earth
sensing, for example. The program
also lists four sessions on various
communications topics, a pair on
medical electronics, and a grab bag
of others that range from advanced
battery systems to product liability.
Kicking off Midcon is a day-long
marketing workshop pointed toward
distributors and manufacturers’ rep-
resentatives, often the key marketing
force pushing electronic technology
at the industrial manufacturer.

The technical program may spell
success or failure for the convention,
but Midcon already boasts a number
of exhibitors that have not been
showing at either Wescon or Electro.
These include Signetics, Macrodata
Corp., Texas Instruments’ Industrial
Controls department, and NCR’s Mi-
croelectronics division. More impor-
tant, EEEI has already started signing
up exhibitors for the December 1978
Dallas version, using an Electro-
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News briefs

English acquire Dana Laboratories

Dana Laboratories Inc., Irvine, Calif., a leading U.S. maker of digital
voltmeters and electronic counter-timers, has been acquired for $3.5 million
by England’s Racal Electronics Ltd. Dana will be combined with Racal
Instruments Ltd., to form Racal-Dana Instruments Inc., headed in the U. S. by
Webb Scroggin, Dana Labs’ president. Earlier this year, a Racal company
acquired Milgo Electronic Corp., Miami, Fla., in the data communications
field. Dana Labs’ old parent, Dana Electronics Inc., Newport Beach, Calif.,
retains its other primary subsidiaries, EIP Inc. and Cushman Electronics Inc.

ITT Semiconductors closing Florida site

Because of losses incurred in the manufacture of military high-reliability and
certain other integrated-circuit lines, ITT Semiconductors is closing its U. S.
division's wafer fabrication facility in West Palm Beach, Fla. The closure, with
the loss of 300 jobs, will be completed early next year. The company will
transfer production of its commercial bipolar and linear IC lines to a newly
leased 160,000-square-foot plant in Lawrence, Mass., adjacent to its present
discrete semiconductor production facility.

Physicist gains recognition as “Father of the Laser”

The U. S. Patent Office has granted Gordon Gould a patent for his invention
of “optically pumped laser amplifiers.”” Says Eugene Lang, president of
REFAC Technology Corp., which owns licensing rights to the patent and all
future laser-related patents of Gould, ‘“‘all lasers that employ optically
pumped amplification will be deemed to fall within the scope of Gould's
patent.”” REFAC is offering nonexclusive licenses to companies whose taser
activities are considered subject to the patent, No. 4,053,845.

Zenith sets further cutback of U. S. operations

Further cutting back its domestic operations to maintain profitability, Zenith
Radio Corp. will sell its hearing aid business later this month to Zenetron inc.
The firm was organized to take over the division by F. William Carr, oil and
gas investor in Texas, and James H. Johnson, who ran the division from 1971
to 1975. Zenith, which pioneered the miniaturization of hearing aids and
batteries, has had annual hearing aid sales of about $15 million. The firm
earlier announced plans to move extensive parts of its color television
operations offshore [ Electronics, Oct. 13, p. 69].

FCC expects flood of interconnect registrations in November

The Federal Communications Commission expects to be inundated in
November by applications from foreign and domestic manufacturers to
register terminal equipment for direct connection to the nation’s telephone
network. The FCC opened the flood gates when it said its registration
program became “‘effective immediately’” following the U. S. Supreme Court
ruling early this month upholding interconnection without the need for
carrier-supplied protective couplers [Electronics, Oct. 13, p. 38]. To ease its
burden, the FCC has published a new consolidated list of grandfathered
terminal equipment that need not be registered if connected by Jan. 1, 1978.
Equipment of these types must have been directly connected to the network
in accordance with telephone company tariffs before May 1, 1976, and be
able to function standing alone.

Expansion of CB service to 224-225 MHz rejected by FCC

A proposal to expand citizens’ band radio frequencies to include 224 - 225
MHz has been rejected by the FCC as obsolete. The 1973 petition for the
new Class E service was made by the Electronic Industries Association for
CB and land-mobile radio manufacturers as a means of relief from crowded
channels and high equipment costs. The fact that it took the FCC four years
to reach a conclusion was blasted by the EIA, which labeled the ruling “‘a
serious mistake’’ but said it plans no appeal at this time.
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Now...

the Coolest

Fastest Biggest
Bipolar Multipliers
you can buy

feature MIL chips in commercial temperature ranges

(at no increase in price)

MPY-8AJ MPY-12AJ
130 ns 150 ns
8 x 8 bits 12 x 12 bits

. ‘. L
4 \gﬁ\}\&

MPY-16AJ
160 ns
16 x 16 bits

Only $70in 100's Only $115in 100's Only $175in 100's

We've cut out all excess power...to offer you MIL
chip reliability and performance in commercial temper-
ature range parts. Consider these advantages for
Digital Signal Processing:

¢ low power

* no air flow requirement (0°C to 70°C
in still air)

¢ high reliability (for example a recent test
indicated an MTBF greater than 200
years at max. oper. temp.)

* reduced output delay

No increase in price! A great increase in reliability! We
have the details in our new reliability brochure. For
your copy, send the coupon today. Or you can call us at
(213) 535-1831.

TRW LSI Products

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

O Please send Reliability Brochure and updated data
on your “cool” Multipliers.

NAME

COMPANY

otv/DEPT MAIL CODE

ADDRESS

CITY

For Digital Signal Processing
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MILITARY OR
COMMERCIAL
ANALOG
SWITCH

CMOS ANALOG SWITCHES FOR MANY APPLICA-
TIONS —CROSS-POINT, ANALOG-TO-DIGITAL AND
DIGITAL-TO-ANALOG CONVERSION, ANALOG OR
DIGITAL MIXING, TRANSMISSION GATING, ETC

LL CONVERTER
A | | | |

M« 0: 0, D, D

>

Jo Ji Ja s

8x4
8x4 ANALOG
MEMORY SWITCH
ARRAY

LL CONVERTER
-!l>-
ADDRESS
DECODER
ERENNEE

>

MT8804B CMOS/LSI 88048
8 x 4 ANALOG SWITCH ARRAY

FEATURING:
@ T0 18v, = 9v PEAK DIGITAL AND ANALOG SIGNAL
LEVELS

® 50 0N" RESISTANCE OF SWITCHES (TYP.)

© 5QBETWEEN "ON" VALUES OF SWITCHES (TYP.)

@ —50db CROSSTALK AT Fis—1 MHz BETWEEN

SWITCHES

@65 db "ON OFF" OUTPUT VOLTAGE RATIO (TYP.)

@ LESS THAN 0.5% DISTORTION AT Fis=1 KHz

@ MASTER RESET OF CONTROL MEMORY

OTHER CMOS ANALOG SWITCHES INCLUDE:

MD4016B—QUAD BILATERAL ANALOG SWITCH/
TRANSMISSION GATE

MD40668 —QUAD BILATERAL ANALOG SWITCH
TRANSMISSION GATE

MD4051B—B8-CHANNEL ANALOG MULTIPLEXER/
DEMULTIPLEXER

MD40528—DIFFERENTIAL 4-CHANNEL ANALOG
MULTIPLEXER/DEMULTIPLEXER

MD40538 - TRIPLE 2-CHANNEL ANALOG
MULTIPLEXER/DEMULTIPLEXER

For more information write or phone

18 AIRPORT BLVD
N

BROMONT, QUEBEC, CANADA
JOE 1LO

(514) 534-2321

TLX. 05-267474

MITEL

Semiconductor
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Midcon-Wescon three-show alter-
nate-city package that allows an
electronics manufacturer to cover
80% of its market by attending the
regional shows for two years. |

Solid state

Heat pipes added
to power devices

A new word hit the power-semicon-
ductor marketplace earlier this
month. The word is transcalent, a
Latin derivative meaning permeable
to heat, and it is being applied by
rRca Corp.’s Electro-Optics and De-
vices division, Lancaster, Pa., to a
new family of power devices.
Samples. The devices include 250-
ampere rectifiers with blocking
voltages of 1,200 volts, 100-A tran-
sistors with voltages to 800 v, and
400-a thyristors. Rca is finally
supplying samples after development
that goes back at least to a 1972
contract from the U.S. Army Mo-
bility Equipment Research and De-
velopment Command, Fort Belvoir,
Va. Initial applications will be mili-
tary, in ground-based power condi-
tioning, for example, as well as in
airborne electrical systems, motor
speed control, and radar power
supplies now served by ‘hockey-
puck’ and stud-mounted devices.
The high-power semiconductor-
device market is now pegged at an
annual $40 million and could grow
to $120 million in five years, accord-
ing to division vice president Ralph
E. Simon. Prices for the Rca parts
right now are just as hefty as the
devices’ ratings, ranging from

£ ey 22, b
Heat-piped. RCA’'s 250-ampere rectifier
weighs 12 ounces, occupies less than 14 in.3

$1,125 for the rectifier to $1,825 for
the transistor in small quantities.

Unlike conventional devices that
add bulky heat sinks and heat-dissi-
pating fins externally, RCA bonds one
end of the heat pipe directly to the
wafer surface and then adds fins to
the other end. Water in the sealed
pipe absorbs heat from the wafer
and gives it up to the fins. The
results are power devices a quarter
the size and 15% the weight of
existing units of equivalent rating,
says Simon. For example, the 250-A
rectifier weighs 12 ounces and occu-
pies less than 14 cubic inches; the
100-aA transistor dissipates S00 w,
weighs under 2 pounds and occupies
less than 70 in.>.

By this time next year, Simon
expects to be making preproduction
quantities and the prices to range
from $400 to $800. Full production
is three years away.

Westinghouse Corp.’s Semicon-
ductor division in Youngwood, Ohio,
a major supplier of hockey-puck and
stud-mounted devices, “is not doing
anything similar to transcalent de-
vices,” says marketing manager Stan
Hunt.

Earlier this month, Westinghouse
unveiled a new line of disk-type
devices with new heat-sink designs
that it says can handle 50% more
power than earlier designs. As for
General Electric Co.’s Semiconduc-
tor Products department in Syra-
cuse, N. Y., it is studying heat pipes
but has developed nothing yet. (|

Fiber optics

Plastic cable works
well in infrared

Most fiber-optic systems today em-
ploy silica-based fibers because they
are good transmitters of light in the
near-infrared spectrum, and it is in
this area that light sources and
detectors are most highly developed.
But now, E. I. du Pont de Nemours
& Co. has developed an all-plastic
fiber cable that looks like it could
take over from its silica counterpart
at least in optoelectronic systems
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MICROCOMPUTER USERS.

Single Board Real Time Analog I/O Systems
...Widest Selection, Fast Turnaround, Lowest PRICES

Single Board
Analog I/O Systems

-
16 channels
32 channels

64 channeis
Analog 10mV to 10V range
Inputs 0 to 10V, +10V, +5V ranges |
1to 5V (4 to 20mA) range

8 bit resolution

i 12 bit resolution

2 channels |
4 channels

———% -

8 channeis

Analog < 01t 10V, +10V, +5V ranges H

L. 12 bit resolution

point plotting
¢

8 bit resolution
[ ‘programmable gain 1

OUiflE 4 to 20mA range

100KHz throughput

program |/O & interrupt
DMA interface |
power required: +5V only |

Features <

~

These single board systems
srovide the most cost effective and |
fastest way to get analog signals |§
into and out of your micro-
computer. Just plug in the board =
and hook-up your analog signals. [
3et a headstart on solving your
system’s problems without the
1eadaches of designing an
1nalog front end.

We’ve got the broadest selection of input
and output capability—10mV to 10V or 4-20mA
inputs, up to 64 channels on a single board, line
amplified buffered D/A outputs, point plotting,
or 4-20mA outputs—all at a cost that says you
can’t afford to do it yourself.

: .. Concentrate on the software and
""“"‘.'Tf»y ‘other key system requirements...
%Weil¥  and let us take care of your
NNy analog problems. We've seen

. them all and solved them in these
e e systems...no mysteries, no
(N} ’

= 'ﬁ.~ tweaking.

Prices are surprisingly low, with 8-bit
models starting at $295 and 12-bit models at
$395 both in OEM quantity.

Send for full technical data or call us.

DATA TRANSLATION

INC

e e———
23 Strathmore Rd., Natick MA 01760
(617) 655-5300 Telex 94-8474

SALES OFFICES: AZ, Scottsdale 602-394-5400; CA, Cupertino 408-257-5131; CA, Santa Ana 714-540-3245; CO, Denver 303-837-1247; 1A, Cedar Rapids 319-
362-0503; KS, Prairie Village 913-649-4000; MD, Fulton 301-953-3724; MA, Natick 617-655-5300; MO, St. Louis 314-997-1515; NJ, Parlin 201-727-6454; NM,
Albuquerque 505-292-1212; NM, Las Cruces 505-523-0601; NY, Rochester 716-334-2445; UT, Salt Lake City 801.466-6522; VA, Arlington 703-527-3262; WA,

Bellevue 206-455-1246.
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“the Chip

NORTH ATLANTIC

SYNCHRO CONVERTERS

with LSI’'s and 100 hour burn-in

« high reliability « best dependability
« low rate of retum.

LSI/85 SYNCHROTODIGITAL 785 DIGITAL TO SYNCHRO

10,12 or 14 bits Full 1.25 VA output at 60

4-minute accuracy at and 400Hz

3600°/second 10,12 or 14 bits

All standard Synchros and Slew speed 4000°/second

Resolvers 4-minute accuracy under

Type Il Tracking — full load

no velocity lag All standard Synchros and
Resolvers

- ";;‘\
CALL OR WRITE FOR

COMPLETE SPECIFICATIONS. | >

NORTH ATIL.AINTIC
industries, inc.

® 200 TERMINAL DRIVE, PLAINVIEW, NEW YORK 11803
cable: noatiantic / twx: 510-221-1879 / phone: (516) 681-8600
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that require short cable runs.

The advantages of plastic over
glass hold just as true for fiber-optic
cable as they do in the everyday
consumer world: plastic more easily
withstands stresses of pulling and
bending. The cable loss—340 deci-
bels per kilometer—is still higher
than that of glass fibers. But
Kenneth Kamm, marketing special-
ist at du Pont’s Plastics Department
in Wilmington, Del., says the plastic
cable (called the series PFX-PIR)
could find a niche in computer,
office-machine, and industrial con-
trol equipment, wherever less than
100 meters of cable is required. At
these lengths, a 50-megabit-per-
second data rate is possible, and the
transmission loss would be quite
tolerable, he maintains. Another
advantage is that the larger diameter
of the core of the plastic fibers
couple light from the IR source more
efficiently than does silica cable.

Light limit. Previously, plastic
fiber-optic cables were limited to
transmission chores in the visible-
light region. At the longer infrared
wavelengths the vibrations of car-
bon-hydrogen bonds occurring in the
plastic bulk materials caused very
high transmission losses—around
900 decibels per kilometer. This loss
mechanism is similar to that experi-
enced in silica-core fibers caused by
oxygen-hydrogen bonds. *““Since plas-
tic-bulk material consists essentially
of carbon-hydrogen bonds, it was
difficult to circumvent,” Kamm
says. “But we finally found a way to
replace hydrogen with deuterium so
that the resulting carbon-deuterium
bond vibrations caused much less
attenuation at the longer infrared
wavelengths.”

He says that the single-fiber
PFX-PIR cables are just going on
the market at a price of $2.25 per
meter. Light sources would be a
problem, he concedes, because the
plastic operates best at 780 nano-
meters, whereas most conventional
gallium-aluminum-arsenide lasers
and light-emitting diodes are at the
longer 820 nm. However, he believes
sources could be tailored to the
higher frequency simply by upping
the concentration of aluminum. [
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The complete
$795 graphics plotter.

It's self contained, plots 8,192

dots per second, and is priced
thousands of dollars less than others.

They said it couldn’t be done!

Recently, we introduced the
EX-800, a complete 80 character
line printer for just $655. Now meet
the Axiom EX-810 graphics plotter,
our printer's younger and smarter
brother, incredibly priced at $795!

“You can't build a plotter for
$795 we were told. But we have.
Using the same simple, reliable
marriage of mechanics and
electronics that made our printer
an instant success.
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Plots fast— and prints, too
The EX-810 is a compact, self

contained unit, designed to work

with microcomputer systems. It can

print 3,192 dots per second with up
to 512 dots per row. Under software
control, the EX-810 can also function
as an 80 column alphanumeric line
printer with speeds up to 160 cps.
Tke plotter has been designed to
be driven by an 8-hit microprocessar
with a minimum of software over-
head The built-in TTL compatible
controlier takes care of all of the
timing functions required to drive the
printhead and advance the printer.

The advantage of
electrosensitive plotting
Elactrosensitive plotting is the
key to the high performance and low
cost of the EX-810, because this
techinique is the simplest possible
way 1o place a visible mark on paper.
The advantages are many.
The permanence of the hardcopy,
unaffected by sunlight. moisture,
heat or age. The shelf-life is
indefinite, and the high contrast
makes excellent photocopies. Also,

M”@M AXIOM CORPORATION

5932 San Fernando Rd., Glendale, CA 91202 « (213) 245-9244 -

TWX 910-497-2283

the paper is inexpensive, and readily
available, costing less than 1¢
per plot.

Lightweight and rugged

Designed for the OEM, the
EX-810, which can print forms,
tickets, maps, pictures. charts, logos
or anything you want, is completely
self-contained including case,
power supply. and paper roll holder.
Weighing in at 12 lbs., the plotter is
only 998" wide. 373 high and
107" deep.

The EX-810 is virtually
mainfenance free, too. The simple,
non-impact print mechanism has an
amazing MTBF of 11.6 million lines,
and the print-head is self-adjusting.
Also, there are no inky ribbons
to change.

The EX-810 graphics plotter
ushers in a new era. Phone or write
for OEM prices today.

Send to £2COM
5932 San Fernando Rd.
Glendale, CA 91202

[ Urgent. Please phone me at ext
[] Have rep contact me

[ I'd like a demonstration

[ Send it including sample plot
[ Send EX-800 printer info

Name

Company -

Dept

Address _

City _ State

Zip Tvlephane
L----------‘
Circle 53 on reader service card




'THEYDIDNT

In fact, there are several.

A/D CONVERTERS

Accuracy: 0°to + 70°C
Power Supplies Required:
Additional IC’s required:
LCD Compatible

System Cost:

Price @ 100 pcs:

All Display drives on chip:
Floating Differential Input:
Floating Reference:

DELIVERY. If price and performance aren’t
your only criteria, think about this: Intersil is
shipping the ICL 7106 and 7107. Now.

ONE CHIP. LED or LCD. Intersil offers you
one chip simplicity. Now. And a whole family of

ARIZONA —Liberty Electronics, Kierulff
Electronics. CALIFORNIA — Elmar Elec-
tronics, Intermark Electronics Inc., Kierulff
Electronics, Liberty Electronics, Schweber
Electronics. COLORADO — Century Elec-
tronics, Elmar Electronics, Kierulff Elec-
tronics. CONNECTICUT — Arrow Electronics,
Schweber Electronics. FLLORIDA — Arrow
Electronics, Diplomat/Southland, Inc., Schweber

56

Motorola M(C14433 National ADD3501 tersil 7106/7

No Spec * 1 count max * 1 count max

2 1(+5V) 1 (+5V o +9V)
4 2 0

No No Yes

Higher Lower Lowest

$9.97 $9.95 $9.25

No No Yes

No No Yes

No No Yes

circuitry.

Electronics. GEORGIA — Arrow Electronics,
Schweber Electronics. ILLINOIS —Schweber
Electronics, Kierulff Electronics. INDIANA
— Advent Electronics, Inc., Sheridan Associates.
MARYLAND — Arrow Electronics, Schweber
Electronics. MASSACHUSETTS — Arrow
Electronics, Kierulff Electronics, Schweber
Electronics. MICHIGAN — Schweber Elec-
tronics, Sheridan Sales. MINNESOTA —Arrow

A/D, D/A converters that mean you can stop
beating the bushes for your converter needs.

DRIVES LCD DISPLAYS. Requires no active
external components. Includes back plane drive

Electronics, Schweber Electronics. MIS-
SOURI—-LCOMP. NEW JERSEY — Arrow
Electronics, Diplomat IPC, Corp., Schweber
Electronics. NEW HAMPSHIRE — Arrow
Electronics. NEW MEXICO — Century Elec-
tronics. NEW YORK — Arrow Electronics, Com-
ponents Plus, Harvey Federal Electronics,
Schweber Electronics. NORTH CAROLINA —
RESCO. OHIO — Arrow Electronics, Schweber
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NATIONAL
THIS AD,
REASON

MENTION U

RUE DUAL SLOPE. The ICL 7106 and 7107 are true dual
ype...rather than pulse width modulation or digital auto-zero.
hen, consider Intersil’s better noise rejection and true inte-

ation of input signal. And they can handle differential inputs
>m 200mV to 2.000V full scale.

-1/2 DIGIT ACCURACY. Other Intersil IC, 8052A/7103A,
fer 20,000 count accuracy with immediate availability.

HEIR AD SAID: “The new monolithic A/D from National. _,f_,‘_
ello reliability. Hello less cost. Goodbye Motorola” 1

UR AD SAYS: Goodbye National.

ERE’S HOW WE MAKE IT STICK: Frototype a working
PM for either $24.95 (LED),
, $29.95 (LCD). With our
ototyping kits. Just send your
eck or P.O. to your local
tersil Distributor with the
upon below.

INTERSIL 7106

INMERSIL

(e \K\Y

INMERSIL

10710 North Tantau Avenue

Cupertino, California 95014, U.S. A.

Telephone: (408) 996-5000

You're talking tough. Here’s your chance to prove it. Send me:
O Prototyping Kit #ICI. 7106EV (LCD) $29.95 complete.

O Prototyping Kit #ICI. 7107EV (1.LED) $24.95 complete.
O I believe you, send your App. Note: #A016, A017, A018, A023 and 7106/7107 D.S.
I've enclosed a [ check, [ Purchase Order.

ctronics, Sheridan Associates, Sheridan Sales.
{LAHOMA —Component Specialties.
NNSYLVANIA — Schweber Electronics,
:ridan Sales. TEXAS — Component Special-
i, Schweber Electronics. UTAH — Century
ctronics. WASHINGTON — Kierulff Elec-

nics, Liberty Electronics. WISCONSIN — Name. - — = - — — - - —
row Electronics. CANADA —CESCO, Company _ _ S R

A.E. Ind. Elect. Ltd., Zentronics Ltd. N ) - - - i
Circle 55 on reader service card City - State_ Zip_ 2 =
Country_ [P rryesaoveemm = _— . I

e ——————

(If outside the United States)



'SWITCHER" OUTPUT
FILTER GAPAGITORS
THAT REALLY

PUT OUT

If youre working with switching-
type power supplies, you'll want to
know about new electrolytic capac-
itors featuring low equivalent series
resistance (for example, 3 m(2 @
57,000 uF/7.5V) and low internal in-
ductance. Type 622D EXTRALYTIC*
Capacitors are the first of their type
to meet the power supply designer's
need to know, for worst case design,

g d
£
&

equipment designer, Type 622D
capacitorshaveasymmetrical capac-
itance tolerance of a tight *20%
instead of the wide asymmetrical
tolerance customarily associated
with low-voltage electrolytic capac-
itors. These new capacitors are de-
signed for operation over the wide

temperature range of —55°C to +85°C. They are
furnished in a 1%" diameter case with lengths ranging

the maximum and minimum ESR of a capacitor, as well from 2" to 5%". Capacitance values from 2,800 to
as the need to hold the nominal ESR to a tolerance of 67,000 uF are available as standard, and voltage ratings
*30% at 20 kHz. To simplify calculations for the range from 5 to 55 WVDC.

For complete technical data, write for Engineering Bulletin 3459
to: Technical Literature Service, Sprague Electric Company,
35 Marshall Street, North Adams, Mass. 01247.

4SE-7128

SPRAGUE

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

56 Circle 56 on reader service card

THE MARK OF RELIABILITY
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Navy to buy
X-band satcom
ship terminals...

. .. Harris Corp. seen
as contender for
new NRL system

Lockheed picks CDC’s
UYK-25 computer for
strike system

Electronics/October 27, 1977

Washington newsletter

The Naval Electronic Systems Command wants to buy up to two dozen
shipboard X-band satellite communications terminals based on a new
Naval Research Laboratory prototype and is calling for production
proposals from industry. The classified Interim High Data Rate Terminals
will be used with the defense satellite communications system spacecraft
known as DSCS-2 for ship-to-shore communications. Using an estimated
$1.5 million in Navelex funds, an NRL team developed the first of the
X-band terminals in 18 months—3 months ahead of schedule—with
industry subcontractors. The first terminal, described as compact, reliable,
and produced at drastically reduced cost, has been installed on a small,
university-owned oceanographic research vessel and operating for about a
month with the satcom satellite system.

One sure bidder for the IHDRT production award, say industry officials, is
Harris Corp., Melbourne, Fla., which assembled the NRL terminal and also
supplied the system’s up- and down-converters and modem. The modular
system transmits digital pulse-shift-key signals in the 7.9-to-8.4-GHz band
and receives at 7.25 to 7.7 GHz. Data rate is classified.

Sharp cost reductions of up to 80% for some components were achieved
by integration of the modules at the subassembly level, according to the
NRL team headed by Charles Stillings. Team member Philemon Johnson
says, for example, that the cost of the integrated high-power amplifier
produced by ITT Corp., Nutley, N. J., was cut to 20% that of earlier units
using subassembly integration. The ITT unit incorporates a Raytheon Co.
driver for intermediate power amplification and a klystron tube and output
assembly produced by two separate units of Varian Associates. Other
major modules include an AN/URQ-23 frequency standard from
Frequency Electronics Inc., New Hyde Park, N.Y.; antenna and power
amplifier by Datron Systems Inc., Chatsworth, Calif., plus a digital servo
controller to be delivered by the Naval Ocean Systems Center, San Diego.

Lockheed Missiles & Space Co. has picked Control Data Corp.’s
AN/UYK-25 computer over Sperry Univac’s AN/UYK-7 for the Air
Force Precision Location/Strike System (PLSS). Prime contractor Lock-
heed, which received $120.3 million in June for full-scale development of
one preoperational PLSS system, awarded CDC’s Aerospace division an
initial $7.8 million subcontract. The Lockheed PLss is designed for tactical
use against air defense systems, intercepting electromagnetic emissions
from enemy detection and guidance radars used to control antiaircraft
artillery and surface-to-air missiles. The UYK-25 computers, housed in a
ground-based central processing center, will process intercepted emissions
and feed location information to tactical control centers for air strike
planning.

The pLSS computers will each have 11 core memory banks of 65,000 32-
bit words with a 1.2-microsecond cycle time. All of the memories can be
on line and accessed simultaneously, cDC says. The computers also will
have four processors and two input/output units, plus a central processor
with its own memory and 170 controller.
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Three electronic
materials tests set
for space shuttle

TDMA terminals
complete flight
tests at Boeing

Europe to provide
camera, solar array
for space telescope

Washington newsletter

Three of the first five materials-processing experiments to be packaged and
flown on one of the early orbital flight tests of the space shuttle in 1979
will involve electronic technologies, according to the National Aeronautics
and Space Administration. Called the Materials Experiment Assembly,
the package of experiments was chosen by NAsA’s Marshall Space Flight
Center, Huntsville, Ala., because it could be automated and unattended in
a self-contained unit with its own power source and a minicomputer to
collect data.

The electronics-oriented experiments and their principal investigators
are: vapor growth of alloy-type semiconductor crystals by Herbert Wiede-
meier, Rennsselaer Polytechnic Institute, Troy, N. Y.; containerless prepa-
ration of advanced optical glasses by Ralph Happe, Rockwell Interna-
tional, Downey, Calif.; and performance of solid electrolytes containing
dispersed particles by J. Bruce Wagner Jr. of Arizona State University,
Tempe.

The massive triservice digital communications network known as JTIDS —
for Joint Tactical Information Distribution Systems—moved one more
step forward in development with Boeing Aerospace Co.’s completion of
flight tests of the program’s time-division multiple-access (TDMA) system
one month ahead of schedule. Terminals were installed aboard an E-3A
Airborne Warning and Control System aircraft—Awacs is the first
scheduled military user of TpMA—and an Air Force NKC-135 test
aircraft. The two planes communicated between themselves and two
Boeing ground terminals in engineering and evaluation tests begun late in
June to qualify the new communications link. A second set of flight tests is
set for the spring of 1978 using a TDMA terminal with an advanced
waveform now being developed.

Hughes Aircraft Co.’s Ground Systems division designed and built the
basic terminal equipment now in integration testing at Boeing. The Air
Force, which is managing JTIDS for triservice use, is developing other
TDMA terminals for use by fighter aircraft, field soldier manpacks, and
command and control centers. JTIDS will permit up to 1,000 users to
exchange information securely over a single jam-resistant channel with
traffic flow automatically controlled by built-in system clocks. Security
and jam resistance are achieved by spread-spectrum modulation and built-
in cryptographic techniques.

The European Space Agency will supply NASa with the faint-object
camera and the spacecraft solar power array for the space telescope
mission. Scheduled to be placed in a 310-mile orbit in 1983 by the space
shuttle, the 10-ton cylindrical observatory will study the universe with
much higher resolution than has ever been possible before.

Under the mid-October agreement between NASA and its European
counterpart, the camera and its associated photon-counting detector will
provide high-resolution imagery from the 1,000-to-3,000 angstrom ultra-
violet region through the visual portion of the spectrum to the near-
infrared. The camera will be able to separate objects less than /10 of second
of arc apart and observe remote celestial objects that are nearly 100 times
fainter than those observable during its projected 10-year lifetime. In
return for its participation, ESA astronomers will be allocated 15% of the
telescope’s observation time.
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dere in Wabash
James Pobst can sell his eggs for less
. because he grows his own feed.
We make relays the same way - sort of.

We make our own switches. That not only helps lower the cost
of our relays, it does something else that’s important.

Since James Pobst knows what’s gone into his chickens, he |

Y knows what kind of eggs he’s going to get. Same way with ¢
us. We know what our relays with our switches in them ’ ‘
are going to do. And just to make sure —we run over %
3 billion test cycles a day. .

That’s what you get in a Wabash relay — performance | g
you can count on—no matter which of over 6000 |
variations you select. Of course all meet proposed '

‘r* NARM and EIA standards.

But as we say—the best news is our price.
Why not call us for a quote on a dry reed
relay now. Look at it this way. If you found
out later you could have purchased
a better relay at a lower price from
us —you’d have egg
on your face.

The Econo-Miser. The most
icall ¢ 1

ally tured
dryreedrelay available. 1 and
2 pole standard rypes. Less |
than one dollar in quantity. X

Circle 59

wabaSh I“dlana = on reader service card

Tipton, lowa and South Boston, Virginia

|
and Huntington, lnciana Farmington. Missouri: %},'

For information and-quotes-write-or call:
Wabash, Inc., Dept. RC7, 810 N. Cass St., Wabash, Ind. 46992 Tel: 219/563-2191 TWX 810-290-2722



LONDON
.~ England

F . FRANKFURT
‘! W. Germany

ks Bl Iy i - PARIS
% Manufacturing under P France

Testlng Quallty Standa.rds DEF.052])
% A Local Serv;cmg Capabxhty &

If you are a small or medium-sized
manufacturer of electro-mechanical /
electronic equipment wanting

to expand by establishing an
export business in Britaise.

Europe or the Third

write TODAY with de

your products—

To Owen Boydell,
Managing Director.

England. Tel: 01-977 1171, Telex: 929728 Grunciyt.
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Britain’s CAA says
tests gave OK to its
plane-landing system

$30 milllion of TV gear
for Moscow Olympics
from Thomson-CSF

Membralin unvells
automatic test equipment
almed at U. S. market

Ferranti executives
In Callfornla
for Interdesign talks

Electronics/October 27, 1977

International newsletter

The Civil Aviation Authority of the United Kingdom is offering its test
aircraft and tracking equipment for side-by-side comparison of the British
and American contenders for the next generation of instrument landing
systems. The CAA says the UK doppler microwave landing system has
passed tests at Brussels International Airport, Kjevick Airport, Norway,
and Stansted Airport in England —in addition to earlier trials at Gatwick
Airport outside London [International Newsletter, Sept. 15]. An earlier
computer simulation at the Brussels airport gave the American time-
reference scanning-beam contender a clean bill of health, while predicting
that the UK system would experience unacceptable errors due to multipath
reflections at certain airports. The CAA says its flight trials gave no
indication of such an effect at any of the test airports. Final choice for a
new worldwide standard is to come at the April 1978 conference of the
ICAO, the International Civil Aviation Authority.

Thomson-CSF has won what looks to be the major contract for television
equipment for the 1980 Moscow Olympics with an order worth more than
$30 million. According to Thomson, the order was won against competi-
tion from all major worldwide Tv suppliers—with RCA breathing hotly
down Thomson’s neck. The French firm is to provide a video- and sound-
switching center that will be the world’s largest when put into operation,
plus a wide range of equipment for news gathering and image processing.
The equipment includes 100 color TV cameras, which will supplement the
80 already in the ussrR and 40 mobile microwave units, plus ancillary
equipment such as color monitors and character generators.

Spearheading Membrain’s 1978 entry into the U. S. market for printed-
circuit-board testers will be its new MB 7700 range of board test systems,
which can exercise 256 transistor-transistor-logic pins simultaneously at §
MHz. They are the outcome of a two-year development program costing
over $2.5 million, partly funded by Britain’s National Research and
Development Corporation. Common to all systems is an 8-MHz bipolar
bit-slice 16-bit microprocessor, which controls a floppy disk, display, and
keyboard. Membrain uses Intel’s 2-bit-wide chip set stitched together with
read-only-memory firmware. The driver and sense electronics associated
with each test pin has been reduced to single bipolar LS1 chips with
semicustom designs from Ferranti Ltd. and the U. S. firm Interdesign Inc.
The software is modular, and there are two test-program languages,
Memtest and Atlas, the international test language.

In a make-or-break bid to win Interdesign, the Sunnyvale, Calif., semi-
custom design company, a task force of Ferranti executives headed by
Alan Shepherd, manager of the Components division and Brian Down,
marketing manager of Ferranti Semiconductor Ltd., are in the U. S. for
talks with Hans R. Camenzind, president of the privately held firm. The
companies have a similar approach to making and marketing semicustom
designs by specially configuring the final metalization of their chips,
which are otherwise standard, carefully chosen circuits. Ferranti has
reportedly raised its first offer of $92 million for a 56% controlling interest
to $4.66 a share for all unsold stock —at a price of roughly $3.5 million.
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THE FIRST MULTI-PROTOGOL

MO0S/LSI DEVIGE FOR SDLG AND HDLC

Standard Microsystems’ new COM 5025 multi-protocol
communications controller, is a 40-pin monolithic IC
using the COPLAMOS® n-channel silicon gate process.
It replaces hundreds of IC's and operates at speeds up
to 2 M baud.

The device is a universal synchronous receiver/
transmitter for dedicated control and implementation of
all major protocols, including bit-oriented types such as
SDLC, HDLC, and ADCCP, and byte-oriented BISYNC
and DDCMP. ltis the first programmable chip controller
approved for these protocols and the only one that
processes both SDLC and HDLC protocols.

The COM 5025 is processor compatible (8 or 16 bit),
and direct TTL compatible, and contains selectable
protocols and a tri-state input/output bus. The data,
status, and control registers are double buffered. Full or
half duplex operation is provided by means of indepen-
dent transmitter and receiver clocks.

Data lengths are individually selectable for receiver
and transmitter from 1 to 8 bits. Data, status and control
registers are linked to a master reset which initializes
them to the SDLC protocol on power-up. This device
also has a built in maintenance feature to test the opera-
tion of the chip by performing data loop-around
internally.

The controller of the device is responsible for all

higher level decisions and interpretation of some fields -

within message frames. The degree to which this occurs
is dependent on the protocol being implemented. The

receiver and transmitter logic operate as two totally
independent sections with a minimum of
common logic.

Circle 62 on reader service card

For bit-oriented protocols such as SDLC, HDLC and
ADCCP, the COM 5025 provides bit stuffing and
stripping, automatic frame character detection and gen-
eration, and residue handling. Messages which terminate
with a partial data byte are accompanied by the
number of valid data bits available.

Options for bit protocols include variable length data
(1to 8 bit), error checking—16 bit polynomial CRC (or
CCITT), primary or secondary station address mode,
APA all parties address, extendable address field to any
number of bytes, extendable control field to 2 bytes, and
idle mode to transmit flag characters or mark the line.

For byte-oriented protocols the COM 5025 features
automatic detection and generation of SYNC
characters, and options such as variable length data,
variable SYNC characters (5, 6, 7, or 8 bits), error
checking—16 bit polynomial CRC (or CCITT) or
odd/even parity, deletion of leading SYNC characters
after synchronization, and an idle mode to transmit
SYNC characters or to mark the line,

COM 5025 devices are now available in quantity from
SMC and their distributors.

STANDARD MICROSYSTEMS
CORPORATION

The largest manufacturer of data communication circuits

35 Marcus Boulevard, Hauppauge, N.Y. 11787
(516) 273-3100 TWX-510-227-8898
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Electronics international___

Microprocessors go to the front lines
in communications, test gear

Microprocessors and other digital
circuitry are answering the call to
arms from Racal Tacticom Ltd.,
which commands a worldwide mili-
tary market in high-frequency and
very-high-frequency tactical com-
munications equipment. The subsid-
iary of Racal Electronics Ltd. is
launching a strike force of new army
gear incorporating up-to-date semi-
conductor technology.

The new equipment includes a
400-watt tactical hf radio station
that uses a chip in its antenna
matching and tuning unit and two
manpack hf radios and an associated
100-w station that has a semicon-
ductor memory in its tuning unit.
The British firm also is introducing a
range of test gear for production and
field use that includes fault-diag-
nosis units that use processors.

Powerful radio. The 400-w hf
communication system is intended
for reliable long-range communica-
tions from front-line positions to
general headquarters under the most
adverse conditions. The company
has strapped four of its well-proven
100-w amplifiers into a single unit to
produce an output usually associated
with fixed transmitters.

To provide the degree of frequen-
cy agility necessary to defeat enemy
jamming, the new tactical system
has a new antenna matching and
tuning unit, the VRAS549. This unit
automatically tunes to any specified
frequency in the 2-to-30-megahertz
band in less than 1.5 seconds.

Under microprocessor control,
high-speed vacuum relays switch in
reactive components to compensate
for changes in antenna impedance at
various operating frequencies. The
processor thus minimizes the anten-
na voltage-standing-wave ratio, and
so it minimizes the power reflected
back into the transmitter. Racal

Electronics /October 27, 1977

already is using this technique in its
100-w units, but will not disclose the
type of microprocessor it is using.
Conventionally, tuning is by servo-
controlled variable reactors and can
take as long as 35 seconds.

The new 10-w manpack radios are
half the weight and size of most
competitors. By combining thick-
film techniques with linear and
digital integrated circuits, Racal has
reduced the weight to 16Y> pounds
and the size to Vs cubic foot. The
PRM 4021 covering the 2-to-16-MHz
range has 140,000 channels in 100-
hertz steps, while the PRM 4031
covering the 1.6-to-30-MHz range
has 284,000 channels in 100-Hz
steps.

Flick of a switch. Frequency selection in Racal field transceiver is programmable for quick

When the PRM 4031 is combined
with Racal’s 100-w amplifier, the
result is a vehicle-mounted base
station for the manpacks. This unit,
the VRM4145, features a pro-
grammable 10-channel frequency se-
lector. An external encoder unit
loads the predetermined channel
frequencies into the digital memory
within the transceiver. The memory,
which incorporates a standby battery
supply, sets the frequency synthe-
sizer to the desired channel.

The operator can quickly change
channels with the flick of a switch.
When the VRM4145 is in this auto-
matic channel-selection mode, the
digital-logic circuitry that divides
the single-crystal frequency refer-

channel selection. Any 10 frequencies in the range may be entered in a memory.
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ence to produce the encoded channel
frequencies gets the required fre-
quency from a semiconductor shift
register.

Diagnosing faults. Racal’s new
range of automatic test equipment
includes complex test systems that
will carry out digital and analog
dc-to-rf tests on complete communi-
cations systems and printed-circuit-
board testers capable of identifying
faulty components. The equipment
has been designed around Computer
Automation’s Naked Mini 16-bit
processor. Two standouts in this
range of ATE gear are fault-diagnosis
systems, one that incorporates the
Naked Mini and the other a rugged
microprocessor-based system for
field workshops.

The larger of the two systems, the
RTLS, can be used to prepare and
edit programs for testing new equip-
ment. These programs also can be
run on the RTL5M, which has a
Motorola 6800 microprocessor con-
trolling a floppy-disk and display
unit. Once loaded with the appro-
priate program, the 6800 guides the
operator through a series of fault-
location procedures displayed on the
screen.

These new systems should help
Racal Tacticom keep its export drive
going. Late last month, it won a $25
million contract from an unspecified
North African country to supply
various tactical radio systems and
test gear. Also, it has sold about
$126 million worth of Clansmen
transceivers in the United Kingdom
and elsewhere. Moreover, the firm is
bidding with rca Corp. on the U. S.
Army’s huge Sincgars-V combat-
radio contract. The parent firm is
doing well, too: it is acquiring Dana
Laboratories Inc., the Irvine, Calif.,
instrument maker [p. 48]. O

Japan

Simple microkit
serenades its user

Not every microcomputer user wants
a machine that can produce elec-
tronic music in response to various

64

Easy work. Microcomputer kit is designed
for fast assembly by school-age builders.

simple input signals. But then, not
every microcomputer user is in grade
school. Yet that is the time to intro-
duce the inhabitants of tomorrow’s
digital world to the computer, thinks
the giant Japanese firm, Matsushita
Electric Industrial Co.

The firm’s Panakit KX-33, in-
tended primarily for ages 12-—14,
combines a computer of limited abil-
ity—a controller really—with an
electronic music machine of limited
ability. The easy-to-assemble kit
comes with firmware programming
of its limited number of functions. It
will cost about $155.

Simple learning kit. The kit is
intended to give users an idea of the
basic concepts of computer technol-
ogy, including the execution of func-
tions by combining user instructions
with input signals. It also is intended
to give its young operators some idea
of microcomputer functioning, intro-
ducing them to the world of the
central processing unit, registers,
memory, and so on.

Since it is basically a controller,
the computer is built around the
4-bit MN1400 microprocessor from
subsidiary Matsushita Electronics
Corp. In addition to the arithmet-
ic/logic unit, the chip includes 1,024
words by 8 bits of read-only memory
for the system program and 64
words by 4 bits of random-access
memory, which stores keyboard
data. Also in the kit are two static
RAM chips with 256 words of 4 bits
each, which hold the tunes keyed in

for RAM storage by the user.

The Panakit includes an 8-bit
latch, audio-amplifier and multivi-
brator integrated circuits, and a
speaker. There are keyboard
switches and light-emitting diodes
and associated drivers for the four-
digit display.

Once the kit is built, it can store
any song that does not exceed its
three-octave range or its storage
capacity. It can also perform control
tasks over a 24-hour period. As well
as music, it can produce a one-
minute buzzer sound; both outputs
may be triggered at a set time or by
keyboard actuation or an input
signal. Three transducers supply
input signals: a cadmium-sulphide
photocell, a transducer that responds
to moisture, and a reed switch that
closes when a magnet is near.

Name that tune. The user writes in
a song note by note, using two
hexadecimal digits from the key-
board to give the pitch and another
two to give the length of the note.
Hitting the increment key then
writes the note shown on the display
into memory and advances the
program counter to the next address.
Notes and pauses from a full note to
1/256 note, including dotted notes,
can be programmed.

The memory can hold 127 notes —
generally enough for a popular tune.
Alternatively, as many as four
partial selections may be pro-
grammed and addressed indepen-
dently. Parents will be glad to know
the music-loving child can instruct
the Panakit to repeat the song a
specified number of times. However,
there is a knob for volume adjust-
ment, as well as one for tempo.

The kit is designed to give the user
a feeling of participation in its
construction, but it is kept simple
enough to stay within the limits of a
first-time solderer. Thus much of it
comes assembled, including line-cord
wiring and wiring to the iCs.

From unpacking to tightening the
last screw of the cabinet should take
no more than three hours, the
company says. Confident of Pana-
kit’s future, Matsushita is starting
off at an initial production rate of
4,000 kits a month. O
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We've Bridged the Gap

If GenRad’s 1796 dynamic
digital/analog board test
system i1s too much machine
for your application, and you
need more performance than
GenRad’'s 1795 digital tester
normally provides, then you
probably need GenRad'’s new
1799 Digital/Analog Test
System. Our unmatched
experience with board
testing tells us that the 1799
1S Just the right system for
many of today's
applications.

A key feature of the 1799 s
that it i1s an integrated system,
which simply means it was
designed as a hybrid
tester. When you compare its
performance with other
hybrid testers on the market
which are derived by adding
analog capability (via |IEEE-
bus based instruments) to a

digital system, you'll find a
world of difference.

Interface for the unit under
test (UUT) is compatible with
that of the 1795 and with the
hybrid section of the 1796.
Also, the fixed or program-
mable digital driver/sensors
operate through a universal
scanner which allows either
digital or analog source and
measure capability at each
I/0 pin.

For the complete story on
the 1799 Digital/Analog Test
System, request a copy of our
new brochure.

The difference in
software is the
difference in

testers

GenRad

300 BAKER AVENUE, CONCORD, MASSACHUSETTS 01742 + ATLANTA 404 394-5380 « BOSTON 617 646-0550
CHICAGO 312 884-6900 « OALLAS 214 234.3357 + DAYTON 513 294-1500 « LOS ANGELES 714 540-9830 - NEW YORK (NY) 212 9642722
(NJ} 201 791-8990 » SAN FRANCISCO 408 985-0682 « WASHINGTON, DC 301 948-7071 » TORONTO 418 262-339%* ZURICH (01) 55 24 20
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The MOS world
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A VMOS transistor, magnified 15,500 timaes.




Is no longer fiat.

AMI creates VMOS. This revolutionary idea revolves
around a three-dimensional transistor, etched into the
silicon substrate.

The result? A circuit that's extremely fast, dense
and inexpensive.

It isn't blue-sky theory. The first VMOS RAM, the 1K
$4015-3, is in volume production now. And a reputable
second source has committed to manufacture VMOS
RAMs in 1978.

Our 35 nanosecond (typical, 45 nanosecond
maximum) 1K static memory is pin compatible with the
fast 1K NMOS and bipolar RAMs, and leads the way
for the large family of VMOS products arriving soon.
These will include:

NEW VMOS PRODUCTS AND TYPICAL ACCESS TIMES

4K fully static RAM 1Kx 4 80ns
4K tully static RAM 4K x | 80 ns
4K fully static low power RAM 4K x 1 45ns
8K fully static RAM 1K x 8 125 ns
16K ROM (2K x ¢ 100 ns
64K ROM 8K x 8 250 ns
16K EPROM 2K x 8 200 ns

The density permitted by vertical short-channel FETs
produces VMOS circuits that are much smaller than
competitive chips, increasing the speed and lowering
the cost. For example, the latest bipolar 1K size is 61
larger, and the new fast NMOS 1K is 87 larger than
AMI's $4015-3. And VMOS densities are achieved
without stretching feature dimensions at the sacrifice of
yields, as is necessary with bipolar and NMOS
technologies.

"VMOS ' refers to a short channel NMOS structure fabricated in "V’ shaped grooves
which penetrate the silicon surfoce and are combined with planar NMOS devices

Aluminum Poly Silicon Plonar NMOS Transistor

VMOS Transistor n+ Silicon

In short, VMOS presents the best of all possible
worlds. If you want to stay up to speed at a down-to-
earth price, call your nearest AMI distributor or sales
oftice. Or write to AMI Marketing, 3800 Homestead
Road, Santa Clara CA 95051. You'll be entering the MOS
world of the future.

VMOS:the
new technology

ff°mAiMll

AMERICAN MICROSYSTEMS. INC
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PMI’s
COMDAC" companding
D/A converter. When
you think about what
it can do, nothing
seems very far-fetched.

Not long ago, we ran a little contest
in one of the electronics magazines.
We asked engineers to come up
with the most creative ideas they
could think of to put PMI's unique
COMDAC —the first and only
companding D/A converter—to
work. We got lots of responses with
exciting ideas. But the interesting
part is that no less than five
engineers said they'd had terrific
ideas—but they couldn’t submit
them because their corporate
attorneys were starting patent
searches.

That's the kind of brainstorming
that COMDAC has generated since
we first introduced it.

N

.

in your cas
\

The reason is simple: nature is
nonlinear. People, plants, animals,
water, wind—we don't live in a
straight-line world. We live in a
world of curves, slopes, and
human response systems (ears,
eyes, touch) that do not follow
straight-line paths. In trying to
reduce these things to digital data,
or to imitate them, we've always
fallen short.

Until COMDAC.

With the help of COMDAC you can
linearize analog signals. COMDAC
can supply the shades of grey, the
sweeping curves, the “vive la
différence!” of the natural world.
COMDAC uses logarithmically
companded digital tech-

niques for D/A conversion;

with just eight bits, it %
provides the dynamic range

of a 12-bit DAC—72dB or =
4096:1. With that range, it

can produce a convincing
facsimile of the human

voice, for example. Your watch
radio can awaken you gently,
with soothing, motherly tones,
or shake you out of bed with

a drill sergeant’s scream —
whichever is called for
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Consider these applications —some
of which are already a reality:

Digitized audio—music, sound
effects, voice (P controlled)

XYZ positioning (automated drill
presses, for example)

Motor controls

Echo/reverb devices (for
electronic guitars, electronic
organs, synthesizers)
Voltage-controlled oscillators
and filters

Servo motor controls

COMDAC
TRANSFER CHARACTERISTICS
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DIGITAL INPUT

* Altimeters

+ Waveform generation (with
PROM)

» VU meters (for better response)

* Voice recognition (imagine a
typewriter you could dictate
letters to!)

» Tone generators

* Voice encryption

» Voice warning systems (they're
already using them in aircraft)

» |.OG sweep generators

» Data acquisition

* Recording studios

e Verbal response systems (like,
your car could give you the word
when it's overheating)

Keep in mind that COMDAC is not
just a concept. It's a working
reality. In the last two years, we've
delivered half a million and cut the
price in half. And since the 8-bit
COMDAC can do many things a

World Radio Histo

12-bit DAC can do, think of what
you will save by using a low-cost
8-bit system to do the job of the
expensive 12-bit approach.

With a little bit of thought, a
creative engineer—that’'s you—can
come up with some really dazzling
ideas. The surface has just been
scratched. If you'd like a copy of
all our contest entries, circle the
bingo number below. We'll send
technical literature that will help
you with your application. Want a
sample COMDAC? Send us a
request on your letterhead.

Precision Monolithics, Incorporated
1500 Space Park Drive, Santa Clara,
CA 95050 (408) 246-9222.

TWX: 910-338-0528 Cable MONO
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Intel delivers the 8085,
designers ) Just

A8 o Sink your teeth into Intel’s new 8085.
e You'll find it’s the only micro-
A\ :

computer that combines the
performance, economic
advantages and total support
it takes to be recognized as
the new mdustry standard. So it’s no surprise that there are already four announced
sources for the 8085. In fact, the deeper you go, the better the 8085 gets.

The 8085, even more than the 8080 it succeeds, is a total design solution,
not just a component. It delivers higher performance, for capabilities far beyond the
80805. It has a higher level of integration, so you can design your products with
fewer components, making them more competitive and more profitable.

And to help you get those products to market quicker we’ve given the 8085
the industry’s broadest base of system and development support.

Yet the 8085 is fully compatible with the 8080. So your investment
in existing designs is protected, and implementing
new designs is simplified by the wealth of 8080
software and peripherals at your disposal.

[t all adds up to a design solution you won't
be able to resist. That's true for a broad range
of applications. The 8085 can be designed in
as an economical stand-alone three-chip system
using the 8085 CPU, the 8155 256-byte RAM
with I/O and timer, and the 8755 2K-byte
EPROM with I/O or its interchangeable 8355
ROM with [/O.

You can expand this basic system for larger
applications using additional RAM, ROM,
EPROM and Intel’s complete family of first and sec-
ond generation peripheral controllers, including our
four new programmable peripheral controller chips—
the 8271" Floppy Disc Controller, 8273* Synchronous
Data Link Controller, 8275 CRT Controller and 8279
Keyboard/Display Interface. All these components
including 8755 EPROM operate from a single +5V supply.

* Available 4th Quarter 1977




the new microcomputer
cant resist.

A multiplexed data/address bus permits integration of many auxiliary system
functions—such as clock generation, system control and multiple interrupts —
onto the 8085 chip while maintaining 8080 compatibility and the same 40-pin
package. And forward-thinking engineers will realize that it is also a link to Intel’s
future generation microcomputer products. MCS-85™ Microcomputer

No microcomputer can match the 8085 as .°°"'P°m Family
a total design solution because no microcomputer _Wator ator, et [0 & Jovel ionat cocet
can come close to the 8085’ support base. Sup- PG et vm"?&mm
port for the 8085 includes the Intellec® micro- ; mas
computer development system with resident
PL/M, the high level programming language that
can cut months off your software development
time. Intellec is the only development system
with ICE-85," providing in-system emulation for
faster system development and debugging. Then
there’s application assistance, training classes
and seminars worldwide. And a comprehensive
development software library at your disposal.

The quickest way to get a taste of the
8085’s power and versatility is with the SDK-85
System Design Kit. It’s available now for only
$250. You can order SDK-85 and all MCS-85™
components directly from your nearest Intel
distributor: Almac/Stroum, Components
Specialties, Cramer, Hamilton/Avnet, Harvey
Electronics, Industrial Components, Pioneer,
Sheridan, L.A. Varah, Wyle Liberty/Elmar
or Zentronics.

Or, for more information on the 8085 and ' ‘
| SDK-85, use the reader service card or write: Intel Corporatlon 3065 Bowers
' Avenue, Santa Clara, California 95051. Telephone: (408) 246-7501.

intal delivers.
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Quite frankly;
were going to be”l
in memory testing till
the cows come home.

Four years of match-
ing the memory indus-
try breakthrough for break-
through have made Teradyne
the leader in memory testing.

We started back in 1973
with the J384, a dedicated
memory test system. It tested
RAMs and ROMs efficiently and
economically. But things were
changing fast.

1974 saw the advent of dy-
namic devices like the 4k 2107.
And we added the M385 mi-
croprogrammable pattern
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generator to keep pace.

In 1975 our answer to in-
creasingly complex memory
technology was a new system,
the J387.

In 1976, when 16k and
page-mode parts went into pro-
duction, we responded with
the H712 test deck.

Today, Teradyne has an
installed base of well over 100
J380-series memory test sys-
tems working for more than

20 companies. At probe,
at final test, and at incom-
ing inspection. That's a larger
dollar base than our two near-
est competitors combined.

Four years of experience
have made us the most capable
source of memory test equip-
ment in the world.

If you test semiconductor
memories, call us today. You'll
call us eventually. Because no
matter where memory technol-
ogy goes from here, Teradyne
will be there.

 ERADYNE;
Semiconductor Test Division

Boston, Mass. - Chatsworth, Calif.
Electronics/QOctober 27, 1977
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Speed vs cost in nonimpact printers

Electrographic machines turning out 20,000 lines a minute impress,
but slower —and less expensive —ink-jet types could capture market

by Raymond P. Capece, Computers Editor

Electrographic computer-output
printers are winning oohs and aahs
in the nonimpact printer business
and are bidding to all but eliminate
impact machines from consideration
for high-speed, large-volume jobs.
The likes of 1BM Corp., Xerox Corp.,
Honeywell Corp., and Siemens AG
are making laser-based printers that
spew out 8'/-by-11-inch sheets of
computer output with copier-ma-
chine quality.

But there is a catch. These
20,000-line-per-minute work-
horses—more like printing stations,
with their collating, punching, per-
forating, and other printshop capa-
bilities—are a costly $250,000 each,
though in most cases they are leased
by first-time users. They are now
competing in a constricted market
populated by Fortune 500 companies
that go through more than a million
sheets of paper each month and are

willing to pay a premium for speed.
As estimated by International Re-
source Development Inc., a New
Canaan, Conn., research firm, that
market is expected to amount to
$150 million for an installed base of
about 1,400 machines by 1985. R. C.
Bishop, marketing manager for
Honeywell Information Systems
Inc.’s pps (page-printing system)
group in Waltham, Mass., thinks
that that estimate is too conserva-
tive. He says that more than 100 pps
machines have been installed, and
“10% of our users previously had
only a single-impact printer.”

Not only that, but, Bishop says,
“we think that there are more
markets than just the large corpora-
tions. Any company that has two,
three, or more printers could use the
pps. What’s hidden from most
analyses is the amount of printing
done off line.”

But some informed observers
therefore expect a different type of
nonimpact printing to capture the
lion’s share of the market in the next
decade or so: a less expensive ink-jet
printer. They reason that, since the
market for fast, high-volume ma-
chines is limited, the relatively low
speed of ink-jet machines is no prob-
lem. Also, while the copier-machine
techniques of the electrographic
printers mean that only certain
papers can be used, ink-jet types
print on anything.

Plain paper. What makes that
argument so powerful is the voice of
Mead Corp., the Dayton, Ohio,
paper maker that did $1.6 billion in
sales last year. “We concluded from
a study of all types of printers,
including thermographic and elec-
trographic, that the future of print-
ing is in plain paper,” says Les
Jezuit, manager of printer equip-
ment and services at Mead’s Digital
Systems division, which began devel-
oping its own ink-jet printer 13 years
ago. “‘But ink-jet machines go
beyond nonimpact—they’re noncon-
tact, which means that as long as
you’ve got an ink that will adhere to
the material, you can print on
anything, whether it’s paper, metal,
or Mylar.” Mead’s Dijit series of
ink-jet printers is designed for paper
printing only, and Jezuit adds that
Mead got into the printer business
“actually as a defensive move, to
plan the future of our paper
products.”

Dataproducts Corp. of Woodland
Hills, Calif., also likes plain paper

Little squirt. IBM's 6640 document printer
is only midsized ink-jet printer now on
market. It was introduced in June 1976.
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Light touch. Xerox 9700, which uses a laser
scanner, can perform simultaneous print-
ing—in this case, two forms.

but feels that electrographic printers
will work their way down to less
costly levels. Dataproducts, a printer
maker, places reliability before
speed and likes 4,000 to 8,000 lines
per minute as the best range for ease
of paper handling.

Speed, too. But Mead is com-
peting with press printing and is
after high speed. It will soon intro-
duce its model 2700, claimed to be
the fastest printer in the world,
racing along at 800 feet per minute.
The speed is designated in feet
because the 2700 is capable of
generating characters several inches
tall. In terms of standard printed
lines, the count works out to about
80,000 lines per minute, to be
compared with electrographic pro-
cesses running at about 20,000 lines.

The speed of Mead’s machines is
attributable to a multiple-nozzle
array of ink jets—960 of them in a
full line width of 8 in. Other ink-jet
machines, like those made by A. B.
Dick Co., Chicago, use a single
nozzle. But both Mead and A.B.

We're

Dick, which manufactures five-by-
seven-dot matrix printers intended
for product date-coding and address-
ing of forms, make stand-alone
machines for off-line printing

neither is addressing the computer-
output market. And while speed is a
strong selling point for printing
forms and other jobs competitive
with offset, it appears no longer to be
the major issue in computer output.

The reason: few computer users
can make full use of an output of
20,000 lines per minute because then
they would have to handle tons of
paper per month. Ken Bosomworth,
president of International Resource
Development, points out:

“Taking advantage of the high-
speed capabilities of the machines
isn’t simple. You’ve got to be able to
load and remove quickly several
hundred pounds of paper, and we’ve
observed, just as the business-forms
printshops have, that many of the
big jobs shouldn’t be brought in to
the house. Rather, they should be
done outside, off line, from magnetic

Chicagos Commonwealth Edison uses Ramtek
color graphic displays for rapid display and status
reporting of pipelines, valves, pumps, and other
generating station data. A clear, color-coded display

is updated every 5.0 seconds, giving near-
instantaneous visual scan-log-alarm functions, bar
graphs, one-line piping diagrams, flow status, etc.

Before the Ramtek systems were installed, statu
reporting was by hardwired mimic boards, black and
white alphanumeric CRTs and typers.

The Ramtek system not only costs less, it also
allows more information to be presented to the
operator in a form that is quickly and easily under-

showing

off for
Commonwealth

stood. This results in better operator efficiency, and
faster alarm reaction time. In Commonwealth Edison!
16,000 Megawatt system, thirty Ramtek color
graphics displays will be utilized.

Edison.




tape. There the volumes of paper
could be handled better.”

Honeywell’s Bishop agrees that
off-line printing is most practical
because it does not monopolize the
central processor. The pps runs off
line, and the complete system
includes a tape drive. 1BM’s 3800, on
the other hand, originally ran only
on line. 1BM, however, began offering
off-line printing as an option—to
free the computer.

Bosomworth also notes that dis-
tributed networks are driving data
processing away from the central-
ized, high-volume output production.
In many applications, putting a slow
printer at a remote terminal is more
practical than distributing the litera-
ture from a central location.

But a market definitely exists for
printers in the range of 1,000 to
20,000 lines/min. Though it could be
served by forthcoming electrograp-
hic printers, a more likely candidate
is the ink-jet printer. Products in this
area are undergoing research and
development not only in the labora-

tories of such companies as Datapro-
ducts, but at Computer Peripherals
Inc., a Rochester, Mich., company
jointly owned by Control Data
Corp., NCRr Corp., and icL of Britain.
Computer Peripherals manufactures
printers and memory subsystems
solely for its parent corporations and
refuses to discuss the status of its
development.

Available. The only midsize ink-jet
machine on the market at present is
1BM’s 6640, originally introduced as
the 46/40 document printer in June
1976, but by now widely accepted as
part of 1BM’s Office System 6.
Renting for $600 to $900 per month,
the machines print on single sheets
of paper and can handle envelopes as
well. Operation of the printer over
communications lines is an optional
extra.

“The 6640 really started people
seriously thinking about ink-jets
again,” comments Jerry Ligon, pro-
ject engineer at Magnetic Periph-
erals Inc., the company jointly
owned by Control Data Corp. and

Commonwealth Edison is but one of a growing

Honeywell Corp., in which cbc has
controlling interest. It builds Honey-
well’s page-printing system, which
differs from the Xerox, 1BM, and
Siemens printers in requiring dielec-
trically coated paper that is slightly
more costly than plain paper. But
Bishop maintains that the lower cost
of his pps hardware covers that extra
expense for installations handling
less than 2 million sheets of paper
every month.

1BM has had the 6640 on the
market for about a year now, but has
been involved heavily in ink-jet
research. In the last few years, it has
been granted several patents, includ-
ing one for charging the ink droplets
as they leave an array of holes in a
silicon wafer—a significant develop-
ment for multiple-nozzle printing.
The 6640 produces beautiful charac-
ters in several fonts, but runs at the
comparatively slow speed of 92 char-
acters per second. The printer has a
single nozzle to draw its sharp char-
acters with 117,000 droplets of ink
per second. O

number of customers who are finding that Ramtek’s
raster scan modular graphics and imagery systems

Br? ILER 3 7‘s*rai*r ':"P jsés PY-PASS ol are giving them the expandability, flexibility, and
H s e P x i 3% increased productivity they need. Besides the basic
i/“m . lL‘j o pie 319 alphanumeric and imaging capability, Ramtek offers
N/ R = .—y | a wide variety of other functions including graphics—
| 8% en vectors, conics, plots, bar charts—pseudocolor, and
l,‘::;“"“" ‘ l grey-scale translation.
tcon — , i 1Y Ask about our new Ramtek RM-9000 family that
S oire "?9,3352 _m ) is totally controlled by a standard 8080 micro-
= socrin 238 processor that really makes it easy to develop and
E—:’l , - 2208 v e downlogd your own control software.
U 2ozien “'l’:'ﬂ-, N i To find out more about how Ramtek can show off
e (LI for you, call or write: Ramtek Corporation, 585 North

Mary Avenue, Sunnyvale, California 94086
(408) 735-8400.

Commonwealth Edison monitors on-off, full-empty,
flow status, and other parameters on a Ramtek
FS-2400. Color is assigned for steam, water,
no-flow, and oil flow to differentiate visually
between materials and status. On the RM-9000,
resolutions from 240 lines x 320 elements to 512
lines x 640 elements are available.

ffamtek

Our Experience Shows
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Electronics abroad

Hungary’s strength is communications

Next to smallest country in Comecon manages to occupy spot
near the top in terms of production volume and product range

by John Gosch, Frankfurt bureau manager

The contributions of Hungarians to
science and technology range from
the achievements of Budapest-born
atomic scientists Edward Teller and
Leo Szilard to the invention of ho-
lography by Dennis Gabor.

But in no branch of technology is
Hungary stronger today than she is
in communications. Although the
second smallest of East Europe’s
Comecon countries in terms of popu-
lation (10.6 million), Hungary rates
as the Bloc’s second biggest in
communications, after the Soviet
Union, industry officials say.

Last year, output of commercial
and consumer communications
equipment combined came to rough-
ly $1.25 billion, says Endre Nagy,
commercial manager of the Hungar-
ian telecommunications industries
association. Add to that roughly one
third for instruments, industrial, and
medical electronic systems, and
some other products, and Hungary’s
overall electronics output in 1976
totals nearly $2 billion.

Commercial figures. Of the $1.25
billion figure, commercial communi-
cations equipment—from simple ru-
ral telephone exchanges to sophisti-
cated microwave links—accounted
for roughly 45%, Nagy says. But, at
the expense of consumer communi-
cations products—which include ra-
dio and television sets, components,
and much data-processing equip-
ment—that share will increase sub-
stantially during the next decade and
a half—to 50% by 1980 and to 60%
by 1990.

Exports in commercial communi-
cation equipment will claim 56% of

This article is tha sevanth in a series that axamines tha
alectronics industries of the Eastarn European Bloc, or
Comecon.
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On the line. Hungarian women at the Videoton factory in the ancient town of Székestehérvar
work on printed-circuit boards intended for the firm’s line of data-processing equipment.

production this year, Nagy esti-
mates. For some product categories,
like microwave systems, studio gear,
and telephone exchanges, “exports
may well account for between 70%
and 90% of production,” he says. As
expected, Hungary’s prime custom-
ers are its partners in Comecon,
which takes some four fifths of its
equipment exports.

But markets in the West and in
developing countries will command
more attention in the future. Tele-
communications exports to hard-
currency countries will more than
double during Hungary’s current
five-year economic plan to as much
as $200 million by 1980.

The backbone of commercial com-
munications work is clearly tele-
phone switching systems. These in-
clude crossbar rural and private
automatic branch exchanges of Hun-
garian design and public automatic
exchanges made under license from
Sweden’s L M Ericsson. Built main-
ly at the BHG Budapest Telecommu-
nication Works and sold through the
Budavox Telecommunication For-

eign Trading Co., such equipment
generates by far the most export
business for the industry.

In the realm of computers, Hun-
gary’s main activities are meshed
with those of other East European
countries through Comecon’s ES
project. This project aims at a
unified and mutually compatible line
of central processors and peripher-
als, with each participating country
contributing its share of hardware
and engineering. Hungary builds
small computers, remote data-
processing systems, intelligent termi-
nals, punch- and magnetic-tape
units, printers, disk stores, and
modems.

Entrusted with data-processing
equipment production are about half
a dozen firms, with the 20,000-
person Videoton combine the big-
gest. Besides consumer products like
Tv sets, loudspeakers, and radios,
which account for less than half of
Videoton’s output, the Budapest
company builds the ES-1010 com-
puter, the smallest in the ES series.
Also produced are display stations,
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terminal systems, and printers, some
under license from Dataproducts
Corp. in Woodland Hills, Calif.

The ES-1010, of which several
hundred are said to be operating in
the Comecon area, is intended
primarily for commercial and scien-
tific-technical applications. Using
medium-scale integrated circuits,
the system performs some 300,000
operations per second. Its main
store, expandable to 65 kilobytes, is
based on ferrite-core technology and
the microprogram store ‘on read-
only-memory devices. Access and
cycle times are reported at 0.9 and
1.1 microseconds, respectively. A
channel adapter serves to interface
the 1010 with other ES computers
and peripherals.

*“Not all of our systems are related
to the ES project,” says Tamas
Haris, head of technical coordina-
tion at Videoton Corp., which han-
dles the company’s foreign trade
activities. As an example, Haris cites
the 1005, a small system in produc-
tion for about two years and destined
for exports, “we hope also to the
West.” There are two 1005 models
in Videoton’s equipment lineup: the
two-cassette 1005-50 office comput-
er with a matrix printer and a data
display, and the 1005-70 intelligent
terminal, also with a printer.

Tv sets, too. For all the attention it
has given commercial electronic’s
endeavors, the industry has not let
the consumer sector slide. Statistics
show 233 color or black-and-white
Tv receivers per 1,000 population for
1976, with total Tv set production at
about 300,000 units per year.

Color set production, although
small, is picking up fast. From this
year’s level of 30,000 units, it will
jump next year to 50,000, says Edith
Nezval, an economist at Videoton
Corp. Her prediction for 1979 is for
between 60,000 and 65,000 units.

True to form, the Hungarians are
doing well in sales abroad, particu-
larly with black-and-white portable
sets in Western countries. “Prime
foreign markets,”” says Gyodrgy
Berkes, deputy general manager of
Videoton Corp., “are West Germa-
ny, Britain, Switzerland, the Nether-
lands, the Scandinavian countries,
and Egypt.” Tv exports to the West,
Berkes points out, are three times
those to East European countries. []
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The spectrum
analyzer on a chip.

Where else but from Reticon.

What was previously thought impossible will now
be an everyday occurence. Moving up to the next
stage of complexity in CCD devices has resulted in
the Reticon R5601, a 512 point Discrete Fourier
Transformer. This technology offers a spectrum
analyzer with small size, light weight, low power,
high reliability, and a remarkable low cost. Along
with its associated circuitry, it performs the Chirp
Z algorithm to give a 256 spectral line display'in
less than 250 usec. It's small enough to fit into
your system, yet powerful enough to have a signal-
to-noise ratio in excess of 70db. The numerous
applications possible include speech recognition,
target identification, vibration analysis, bandwidth
compression, communications, and general signal
analysis.

Currently available is a self-contained evaluation
module on two printed circuit cards just 80 square
inches. Just hook up your £20 volts, display and
you're on the air. Use the on-board oscillator or
externally control the sampling rate.

The R5601 is the latest in our growing family of
discrete time analog signal processing devices. All
available through our worldwide network of over 20
distributors and more than 70 salesmen.

Discover the IC that does it all.

RETICON

AN EB=G COMPANY

910 Benicia Ave ® Sunnyvale, California 94086
(408) 738-4266
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Probing the news

Companies

TRW logic devices spawn a division

New LS| operation hits jackpot with its first product,
a 160-ns bipolar multiplier developed to ‘prove the technology’

After years of searching, TRw Elec-
tronics finally has something going
in the glamour end of semicon-
ductors. Named the Ls1 Products
division, it features what are ac-
knowledged as the fastest commer-
cially available logic devices. Equal-
ly pleasing, however, to TRW cor-
porate brass and officials at TRw
Electronics is where it started.

Organized in 1976 from scratch at
the Defense and Space Systems
Group, the operation struck instant
paydirt with its first product. But
swift market acceptance of that
device—a 16-by-16-bit, 160-nanose-
cond bipolar multiplier, holding
18,000 components on a chip and
performing more than 6 million
operations per second —spurred
growth too rapid for the space- and
military-oriented group to handle.

“Our initial motive was just to
prove the technology, not immediate
profit,” recalls Ralph W. Miller,
general manager of the new Lsi
Products division. .

Ironically, TRw had had the
perfected bipolar circuit (called tri-
ple diffusion, or 3D) since about 1968
and had been turning out small
quantities of it for space and defense
jobs. “It was the classic problem of
Lsi,” Miller explains, “more func-
tions on the device than the user
needs.” So TRw planners picked out
an application area demanding more
raw speed, lower power, and more
miniaturization than offered by any
other device: digital signal process-
ing, or the real-time filtering of digi-
tized waveforms.

Despite its success, this device is
already being improved, since it
“represents 1973 technology.” Two
new versions are due early next year.
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One will have a speed of 100 ns, and
the other will have an accumulator
function added to the same chip,
enabling it to do 10 million oper-
ations per second.

Because managing an advanced
bipolar organization is different
from running other TRW components
operations (their products include
rectifiers, connectors, and circuit
boards), officials devised a unique
relationship. Miller serves as the
chief link with the parent systems
group, which still handles all the
wafer fabrication, expanded device
assembly, testing, and research and
development. Fabrication, in fact, is
likely to stay at the Redondo Beach,
Calif., facility, because an auto-
mated manufacturing operation can
turn out as many as 250,000 0.8-
inch-square chips a year, adequate
for a long while. But a gseparate
assembly-test building is planned.

Smoothing the transition to the
new division is a familiar name in
the industry, Theodore H. Maiman,
inventor of the laser and also TRW’s
Electronics Group vice president

New baby. The first device from TRW'sS new
LSI Products division is this multiplier. Chip,
280 mil2, holds 18,000 devices.

by Larry Waller, Los Angeles bureau manager

charged with bringing in new tech-
nologies. Ls1 Products reports
through Maiman to George Hart,
general manager of TRw Electronic
Components divisions. The point,
says Hart, is that “we’re not mixing
it in with everyday business. It’s
separate and reporting to me as far
out as [ can see. In five to six years,
it can develop into one of our largest
divisions.”

Other products coming. Miller
insists his division “is not just a
multiplier company,” but also offers
a line of 8-bit data converters and
shift registers, including a 256-bit,
40-megahertz unit. Furthermore, the
division is likely to bring out more
arithmetic elements, such as adders
and subtracters. “Really, these are
building blocks of general use.”
Maiman concurs, adding that the
line should be regarded as *“not
components, but subsystems.”

There are other possibilities be-
sides signal processing, the market
for which Miller admits is hard to
pin down specifically because “it
needs so much speed and complexity
that it is relatively untapped.” For
instance, there are the allied jobs of
digital switching and processing
video digital signals. But Hart,
Maiman, and Miller agree on one
place TRwW will not be: in micropro-
CEssors or mass memory.

By moving the operation out of a
military environment, TRw is easing
the way to profitable long-range
commercial development. But a pit-
fall could be the inevitable competi-
tion. Among others, Advanced Mi-
cro Devices Inc. and Monolithic
Memories Inc. are known to be
eyeing TRW’s market preserve and
polishing suitable products. O
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Sooner or later it

was bound to get out.

Yes, the Dumb Terminal™ really does have two
smarter brothers.

At first, they weren't quite as well known,
because their Dumb Brother’s smashing success
was stealing the show. Although they had been
gelling quite well along, even without getting
constant headlines, like their Brother

Now, however, Dumb Brother has pulled them
fnto the limelight. And ADM-1 and -2 have decided,
after all, that perhaps it's time you knew a little
more about how smart they really ars.

ADM-R is tha more intelligent of the two,
providing you with flexibility of format, security,
editing, interface, and transmission. You'll find,
among a variety of other outstanding features, up
to 8 screen status indicators and a numeric key
pad. And a detacRable keyboard with 16 function
keys. Which give you the ability to access your
special program, pr form, or instruction.

The ADM-R is also available in & model com-
patible with your Burroughs TD-800 Series. The
ADM-2B. The ADM-RB adheres to the standard
Burroughs poll and address line discipline.

On top of all that, we've made the ADM-2

micro-programmable. And taken all the mystery
aut of the procedure. Which makes user-micro-
programmable simple, quick, and cost-effective. The
ADM-2's versatility is limited only by your
imagination.

You could eall the other Smarter Brother,
ADM-1, the “with-or-without” terminal. Starting with
some pretty smart standard features, like a stan-
dard 24-line display, a field protection feature with
dual-intensity and switch-selectable operating
modes — block mode and conversation mede — you
build up from there. With options like a hardcopy
printer interfage, and display editing capabilities
(line insert, line delete, line erase, character
insert, and character delete). Just add the options
you need, and leave the rest of the “bells and
whistles” for someone else. That way, it's moré
systems adaptable. And it's up to you just how
smart you waxnt it-to be.

The Smarter Brathers have it all. Intelhg@nce,
appropriate funictions, and sensible cost-per-
performancs.

So, you might as well get used to seeing rore
of the ADM-1 &nd -R in the future. Because we.
suspect they’rs going to be in the spotlight from
NOW on. -
After all, t.heres really nothing wrong wﬁh
exposing your Sma.x'ts

@) The dumb hrmina&

smarter brothers.

Lear,Blegler. Inc., E.1.D./Data Products, 714 N. Brookhupet, 6., Anaheim, (‘A 92803;
(8807 854°3805. In California (714 ) 774-1010.
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“Siliconix VMOS

are down. Bipolars’

“VMOS power FETs, introduced by Siliconix in 1975, e
have always been better than bipolars—more rugged { ,,..
’ l <4
*é)

more reliable, faster and simpler. Today, we’re
lowering our prices as we move further along the <
learning curve, and our economical plastic %
package brings superior VMOS
technology within reach of all B
designers. At 96¢ apiece,” the new Xl i
TO-202s will replace bipolars in a “s

broad range of power
applications, particularly
in interfacing with
computers and in

telecommunications.”
*VN46AF in quantities of 100 =999 _




power FET prices

time 1s up.”

Masmmum Safe Operstng Reguon

Siliconix VMOS power FETs in plastic:
TO-202 package

¥DS(on)
Part # BVDSS ('D=1Amp) Price:1-29 31-99 100-999

VN46AF 40 3.0v $1.33 $1.12 $0.96
VNG66AF 60 3.0v $1.39 $1.16 $1.00
VN8BBAF 80 4.0V $1.54 $1.29 $1.10

All three devices are guaranteed over the
temperature range of —55°C to 150°C;
their maximum power dissipation is 12.5
watts, and their current rating is

2.0 amperes.

“Until 1975, MOS field-effect transistors (FETs)
were restricted to small-signal, low-power
applications. To control high currents, designers
used bipolar devices. Then Siliconix, using
Vertical MOS technology, introduced the VMOS
power FET — combining the reliability of FETs
with the power of bipolars.

“Today, Siliconix’ new plastic TO-202 package
means that VMOS power FETs are not only
superior to bipolars in performance, but also
competitive with them in price. They’ll simplify
designs and reduce component count in most
systems because they eliminate pre-amplifiers,
driver transistors, and external protective circuitry
required for bipolars. And they can be inserted by
machine, a time- and cost-saving advantage in
high volume production.

“Anyone who has designed with bipolars knows
the failures that can result from thermal runaway,
secondary breakdown and current hogging. You
don’t have to worry about these problems with
VMOS power FETs; their positive temperature
coefficient eliminates hot-spotting and provides
uniform current density, making them fail-safe.
Consider how this inherent reliability will reduce
your system interruptions and maintenance costs.
And VMOS power FETs are faster than bipolars in
switching operations —as much as 100 times faster.
With all these advantages packed into the low-cost
TO-202, you'll be able to eliminate bipolars’
problems completely from many system designs.

“The high input impedance of VMOS and its
threshold voltage range allow it to interface
directly with CMOS, MOS and TTL logic
families. And the VMOS power FET is the only
interface device with a switching time comparable
to that of ECL, so it will interface with a simple

0
/s — DRAIN. TO- SOURCE VOUTAGE (VOLTS)

Other VMOS power FETs introduced by
Siliconix are also available:

VDS(on)
Part# Package "DISS BDSS ('D=1.0 Amps)
2N6656 TO-3 25W 35 1.8V
2N6657 TO-3 25W 60 3.0V
2N6658 TO-3 25W 90 4.0V
2N6659 TO-39 6.25W 35 1.8V
2N6660 TO-39 6.25W 60 3.0v
2N6661 TO-39 6.25W 90 4.0v

No sscondary Dimskdoen voitage derateg

level shift — without losing speed. These features
make the TO-202s ideal for data processing
applications: computer peripherals, micro- and
minicomputer systems, and process control
equipment. They’re also ideal for use in
telecommunications: as telephone relay
replacements, Touch-Tone muting switches,
audio amplifiers, central office systems and
analog switches.

“Our new line of VMOS power FETs in plastic
may mean the end of the line for bipolars. We
want you to discover for yourself how they can
improve system design, so use the coupon to send
for our detailed brochure. To order parts, contact
any of our franchised distributors: Alliance,
Century, Components Plus, Future, Hamilton/
Avnet, Industrial Components Inc., Pioneer
Standard, Pioneer Washington, Quality
Components, Semiconductor Specialists,

Wilshire, Wyle/Elmar, Wyle/Liberty, or RAE.”

[=————— e ——————

l Yes, | want to find out for myself how Silicanix
put bipolars on the list of endangered species.
Please send me your brochure.

N

Name/title _ _ -
Company - I
Address -
City/State/Zip
Siliconix Incorporated,

2201 Laurelwood Road, Santa Clara, CA 95054,
(408) 246-8000.

J25[ilicanix

h_-_________d



LOGIC-ANALYZER ORIGINATORS

CHARLES H. HOUSE B. J. MOORE
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CITED FOR TESTING INNOVATION

One problem, two men, two solu-
tions: yet both designers were right;
both of their designs were needed. So
Charles H. House of Hewlett-
Packard Co.’s Colorado Springs
(Colo.) division, and B. J. Moore of
Biomation Corp. in Cupertino,
Calif,, developed two markedly dif-
ferent diagnostic instruments that
were the first such electronic tools
for studying, designing, and trouble-
shooting complex digital logic cir-
cuits and systems.

It was September 1973, at the
annual Wescon show in San Fran-
cisco, when the electronics world got
its first glimpse of what House and
Moore had accomplished. HP
brought its 1601L, a logic-state
analyzer that displayed binary nota-
tion in 1s and Os. It was intended
primarily for examining software
program steps or conditions on a
data bus. Biomation introduced its
810-D, a logic-timing analyzer for
recording, displaying, and analyzing
complex timing relationships.

Together, these two 10-megahertz
analyzers were major innovations in
instrumentation.

AWard

for

Achievement

served the time domain and spec-
trum analyzers have served the
frequency domain.

For House, the first inkling of the
problems facing digital-systems de-
signers surfaced in late 1969 when
he was investigating the use of
computer-systems architecture to
define a digital-processing oscillo-
scope program. “We were having
significant difficulty debugging the
DPO prototypes,” he recalls.

House, circuit engineer Duncan
Terry, and others working on the
scope asked one another: how are
other digital-systems designers, who
are using serial-data interfaces and
multiplexed data buses able to
design and debug their gear? “It
didn’t take us long to discover others
were having the same problems we
were,” he says. “It’s a miracle that
minicomputer makers could develop
systems before such tools [as the
logic analyzer] were available.”

After checking with HP divisions
making desk-top calculators and
minicomputers, House continues,
“we consequently said: ‘The world

doesn’t need a DPO that prints out
rise time and pulse width to four
decimal places. Rather, it needs
some simple diagnostic tools.””’
Thus, HP cancelled the digital-
processing oscilloscope program in
early 1970 and set up an investiga-
tion of the need for digital test
equipment.

Since data registration was the
biggest problem House and his asso-
ciates faced on prior projects, that
became the first feature they set for
a scope-like tool for digital-systems
designers. Important in achieving
this feature, House notes, was the
pioneering work in parallel-pattern
(AND-gate) triggering and digital
delay done by HP applications engi-
neer Ralph Reiser for the digital-
processing oscilloscope. '

Soon added to the list were serial-
word recognition and linking trigger
statements. Data-acquisition struc-
ture was clearly a problem. Real-
izing that many channels of data
were needed without significant deg-
radation, “we put considerable effort
into miniature, multiple-channel
probing schemes

They gave rise to a
whole new class of
instruments operat-
ing in what is called
the data domain,
where designs more
often are based on
digital words or
data as a function
of time or sequence,
than on voltage as a
function of time or
frequency. Logic
analyzers serve the
data domain in the
same ways that os-

The 1977 Achievement Award

For major instrumentation innovations that meet a vital need in the
growing field of digital-systems design, the editors of Electronics have
designated Charles H. House, engineering manager for logic-analyzer
programs at Hewlett-Packard Co.'s Colorado Springs division, and
B. J. Moore, president of Biomation Corp., as co-recipients of the
magazine’s fourth Achievement Award. The 1977 winners were the
key figures in the development of the first logic analyzers. HP’s 1601L,
a logic-state analyzer, and Biomation’s 810-D, a logic-timing analyzer,
gave rise to a new class of instruments operating in the data domain.
The 1601L is a plug-in unit for HP's 180 series oscilloscopes, giving
a 12-channel, 16-word-memory logic-state analyzer for 10-megahertz
operation. The 10-MHz 810-D digital logic recorder stores 256 logic
states on each of eight channels, displaying waveform-like timing
diagrams on an oscilloscope.

where one adjust-
ment controlled
voltage threshold
on all channels and
tightly controlled
timing skew be-
tween channels,” he
says.

By now it was
late 1970 and Hew-
lett-Packard was
developing the HP-
35, its first hand-
held calculator.
Discussions that
House had with en-

cilloscopes have
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CHARLES H. HOUSE

Semiconductor development almost
was the career choice of Chuck House,
engineering manager for logic-analyzer
programs at Hewlett-Packard Co.’s
Colorado Springs division. But upon
graduating in 1962 with a bachelor’s
degree in solid-state physics from the
California Institute of Technology, “I
soon discovered that diffusion furnaces
and Schroedinger’'s wave equations
and | weren’t compatible,” he says in
retrospect. “The semiconductor indus-

try just wasn't my calling."’

Happily for HP and for digital-
systems engineers, House quickly set-
tled upon the instrumentation world as
his calling. During his senior year, one of
his instructors had argued that instru-
ment manufacturers must design and
build equipment that is ahead of the
state of the art if they are to measure
the state of the art. “That fascinated
me,”" says House, who had immediately
sensed a challenge.

Since then it has been a 15-year
career with Hewlett-Packard—the first
two years in Palo Alto, Calif., with the
oscilloscope research and development
group, and the rest in Colorado Springs,
Colo., where the oscilloscope operation
moved in 1964,

House, who says he was ‘‘damn
lucky to get out of Cal Tech,” has
picked up a master's degree in elec-
trical engineering from Stanford Univer-
sity and a master's in the history of
science and technology from the Uni-
versity of Colorado. Now 37 and
married, he is the father of three girls
and a boy, ‘‘none of whom shows any
signs of becoming an EE,”” he says.

The House family lives near the plant
in a spacious California-Spanish home.
He designed the house, adapting it to
the Colorado climate. Because he could

not afford to build the home he wanted,
he ‘‘chopped out the extraneous
rooms.” So there is no living room. But
there is a 7-by-44-foot hallway, which
helps him avoid walking into walls when
he gets up in the middle of the night,
keeps the lights off so as not to disturb
anyone, and heads downstairs to grab
a snack or do some writing.

Perhaps his nocturnal habits explain
why House is known for his late morning
arrivals at HP. But he is known for other
things, too. He is coholder of two logic-
analyzer patents relating to digital delay
and pattern triggering and has two
more logic-analyzer patents pending.
He also was the circuit designer on
Hewlett-Packard's model 1402 wide-
band vertical amplifier plug-in and on
several other scope products.

House also takes pride in a plant
nursery — ‘‘one of the best two or three
in the Rocky Mountain region’ —that
he owns and operates in his spare time.
He tends to spread his bountiful curiosi-
ty over a wide range of interests and is
harassed by details. What's more, he
concedes, ‘I've been known to be
sharp-tongued and acerbic, impatient
with others when they don’t see what |
do. But on balance, | prefer to think I'm
pretty well liked by those that under-
stand me."”

culator effort led to the addition of
two more criteria to the list of
features for the proposed digital
diagnostic instrument.

First, the data-entry method had
to be compatible with the way digital
designers describe their problems.
This led to a definition of state time,
state sequence, and algorithmic state
flow as the primary measurement
parameters of interest. It also led to
the second additional feature: to
present the data collected with this
multichannel data-indexing scheme
in a way meaningful to digital-
systems engineers.

To provide these features, “‘we
wrestled with many things,” says
House. Eventually he and project
leader William Farnbach settled on
writing parallel words left to right,
with event flow going from top to
bottom.

Another feature the House-led
team sought to provide was an over-
view of the system dynamics, and,
again, several displays were consid-
ered. Possible formats included
memory-address space on the Y axis
and event time on the X axis and,
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“the one most liked early and even-
tually settled on,” a simple matrix of
the most significant byte on the Y
axis and least significant byte on the
X axis. This feature was working by
late 1971, House notes, but it did not
appear until early 1975, in the
1600A 16-bit logic-state analyzer.
Although the 1601L was the first
complete logic-state analyzer, some
of its features were in at least two
predecessor instruments. In early
1970, Digital Data Corp. of Allen-
town, Pa., built and marketed the
Diana, a two-channel-by-32-bit se-
rial-data analyzer. House bought
nonexclusive patent rights for Hp.
Independent of the work of House’s
group, many concepts from Diana
were being used in the model S000A
serial-data analyzer in development
at HP’s Santa Clara (Calif.) division.
For Biomation, the development
of 810-D logic-timing analyzer was
less perplexing than the experiences
of House’s team. In fact, the cycle
from idea to product was six weeks.
The basic concept first came to
Biomation engineers in 1971, after
conversations with major makers of

mainframe computers. Late that
year, explains Moore, Biomation
began planning to develop an instru-
ment with eight logic-channel inputs
for high-speed (100-mHz) digital
recording. When work on the record-
er began in early 1973, the instru-
ment had been redefined as an eight-
channel 200-MHz recorder. It was
introduced as the 8200 in 1975.

“In August 1973, I got an idea
that my subconscious told me was a
good one,” recalls Moore. “I knew if
a market existed for the 8200, there
just had to be one for a product more
modest in price and performance.”

While inputs for the 8200’s devel-
opment came from computer mak-
ers, ‘“‘nobody ever came to us and
said he needed a low-speed box. It
was 98% intuition,” Moore says.
“The basic data world, at that time,
was still operating at 1-MHz transfer
rates, so | felt a 10-MHz logic
analyzer did, in fact, have a role in
the market.”

The very next day he began to
marshal all of Biomation’s staff
members to develop the 810-D and
get it to market as quickly as possi-
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Bill Moore would agree that it is a long
way from pulling apart radios and being
unable to put them back together to
developing a ground-breaking piece of
electronic instrumentation. But for the
president of Biomation Corp., it was a
natural way.

He is not quite sure what his unsuc-
cessful teenage tinkering had to do with
it. “All | know is that | liked math and
science and just signed up to become
an engineer when | went to college,”
says the 41-year-old native of Sharon,
Tenn. With bachelor’'s and master's
degrees in electrical engineering from
the University of Tennessee in 1959 and
1960, he plunged straight into instru-
mentation design.

The first decade of Moore’s career
was spent almost entirely in his home
state working for three small instrument
companies. As a nuclear instrumenta-
tion engineer at one firm, he developed
a data-acquisition system for nuclear
and chemical applications. At another
company, he developed a line of digital
instruments, such as counter/timers,
and output drivers for data-acquisition
systems. At the third, he was chief engi-
neer on a very-high-speed multichannel
pulse analyzer.

Despite these accomplishments,
Moore says he came to feel he was

better at managing than at the detailed
design of products. His belief is a major
reason for his move to Biomation in
1969 as engineering vice president.
“While | don’t like details, I’'m not bored
by them,” he remarks. “But, if | were a
carpenter, I'd be a framing carpenter
and not a finishing carpenter.” How-
ever, his development of the 810-D
logic-timing analyzer took as much
finishing as framing.

He says the experience he gained
from working at small companies, wear-
ing several hats and seeing the various
roles of engineering and marketing
people, helps him to be a good
manager and understand and empa-
thize with the problems those depart-
ments face at Biomation. He also can
quickly settle on the feasibility of a
project. “‘Once | make a determina-
tion,” he says, ‘| feel comfortable and
don’t worry about it. Worry is largely
nonproductive.”’

With his two teenage daughters and
wife, Moore lives in a medium-sized
house in Monte Sereno, about 35 miles
south of San Francisco. “It's a very
rural atmosphere,” he says: chickens,
quail, rabbits, cats, and dogs populate
the two-acre plot.

He spends most of his free time
taking care of his property and animals

B. J. MOORE

or working hard at becoming proficient
at trap-shooting. Similarly, he sets high
targets for himself in business, and he
finds goal setting ‘‘very invigorating.”
He does not hesitate to come down on
people whose performance fails to
measure up to their promises—
because, as he puts it, ‘‘the bottom line
counts.” However, ‘‘you don’t have to
be ruthless to be successful,” adds
Moore, who believes he and others
“achieve what we decide we can.”

ble. “I went to our engineering
department and told them I wanted
a 10-MHz logic analyzer. They said,
‘Okay.” But when I said 1 wanted it
by Wescon, just six weeks away,
they told me it was impossible. I
then asked if anyone wanted to do it,
and when they all refused, I said,
‘Okay, then I'lldo it.”

The deadline made development
hectic. Moore, who joined Biomation
in early 1969 as the firm’s third
employee and engineering vice presi-
dent, had assumed the presidency in
1971. In August and early Septem-
ber of 1973, he spent his days
running the company and his even-
ings developing the instrument. “l
was the project engineer,” he says.
“] did the design, fabrication, and
checkout of the prototype, and even
wrote the technical portion of the
instruction manual.”

By no means does he take sole
credit for developing the 810-D. “It
was a case of team support rather
than team leadership,” he says. In
those weeks before Wescon/73, “I
had tremendous support from our
engineering and manufacturing de-
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partments. There was a lot of over-
time for scores of people.” The
marketing of the instruments, he
adds, *“was superbly done, for a
small company. [Marketing man-
ager] Dave Blecki and his people
took a new concept and ran with it.”

Although Biomation has since
added binary notation of the logic
state as a feature in some of its
newer logic analyzers, that approach
was never considered for the 810-D,
notes Moore. House says HP did not
adopt the logic-timing-diagram
method “primarily because we were
concentrating on the bus-transaction
information of algorithmic-state-
ment changes, and not electrical param-
eters of an asychronous system.”

For Biomation, the 810-D’s devel-
opment “made the company what it
is today,” Moore says. “It made a
step function in our growth and
allowed us to participate in the
whole logic-analyzer field.” Perhaps
more important, “it was extremely
significant to industry, particularly
in an economic fashion. It was a
relatively inexpensive solution to a
truly major class of problems.”

Their manufacturers have re-
placed the 810-D and the 1601L
with newer products, and Moore
thinks that the future of the logic
analyzer is bright. ““1 believe it is the
most significant instrument to come
on the market since the oscillo-
scope,” he says. What’s more, “I
think we’ll see a long and very
exciting evolutionary process for
logic analyzers as their capabilities
and performance increase for a long
time to come.”

House concurs: *“Digital electron-
ics is going to be so pervasive in our
society, in terms of controllers and
computational capability in things
that affect us all, that the measure-
ment equipment to support their
design, manufacture, and assurance
of correct performance is destined to
become an integral part of the digi-
tal-electronics revolution. In 20
years, 1 suspect the data-domain
analysis technique will be the cor-
nerstone of the digital-electronics
industry, just as frequency-domain
analysis techniques have been the
cornerstone of the communications
industry from its inception.” O
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Total cpu control

High level command keys
and binary/hexadecimal
displays provide complete
system control, easy

Breakpoint control and

trace memory

Built-in high level diagnostics
speed and simplify isolation
of even the most difficult
system problems.

Worldwide portability
uScope 820 is fully self-
contained, with accessory
storage space. Operates on
all standard U.S. and

operation. worldwide power sources.

Human engineered
Extensive prompting
simplifies operation
for test and service
personnel, minimizes
training time.

Overlay memory sock
i enables designers to pl
and execute customize
diagnostics for each
end product.

Interchangeable front
panels, personality cards
and personality probes
uScope 820 adapts to a
variety cf microprocessors.
Probe plugs directly into
system microprocessor
socket.



Intel delivers uScop

e 820.

Finally, a diagnostic instrument just right
for the Age of the Microprocessor.

Troubleshooting micropro-
cessor systems is easier than ever
with Intel’s new uScope™ 820
Microprocessor System Console.
It’s a powerful, programmable,
fully portable real-time diagnostic
instrument. And it’s designed
specifically to speed and simplify
system checkout of your
microprocessor-based products.

mScope 820 is really the
first test instrument of its kind.
It’s built around its own micropro-
cessor, to provide a “smart” solu-
tion that’s highly sophisticated,
yet easy to use. Because it’s user
programmable with interchange-
able plug-in ROMs or PROMs,
it’s like taking a design engineer
along on every service call.

And because it’s fully portable,
the uScope 820 console goes
wherever the action is—to the
design lab, the production line
or into the field.

Unlike logic analyzers, the
uScope 820 console provides a
genuine solution for test and
service personnel. It provides the
same inside look at system opera-
tion that you get with a logic
analyzer. But the uScope 820

goes far beyond the mere collec-
tion of data. Its internal micro-
processor system can actually
analyze the data it collects. It does
that with diagnostic programs
you design specifically for your
end product.

Rather than passively watch-
ing system operation, the uScope
820 console lets you execute
application programs or diagnos-
tics you develop, in real time or
single steps. And it provides full
breakpoint capability
and a large trace

High level command keys, oper-
ator prompting, and binary/hexa-
decimal display of all system
registers, I/O ports and memory
give you greater control and make
it easier to use than any other
test instrument.

Until now the only way to get
this kind of diagnostic capability
was to use your Intellec® Micro-

g computer Development System.

Now we've taken the Intellec
features that have proven most
useful for field service and
production-level system
checkout and have
packaged them in this

self-contained 20-Ib attache case.
That’s portability.

And we've enhanced that
portability with a uScope 820
price of just $2000;* complete with
personality probe and all acces-
sories. So you can afford to put a
uScope 820 console wherever
you need one, and free your
development lab instruments to
concentrate on development.

No longer must you invest in
in-house-designed custom test
instruments for each of your end
products. And the uScope 820
console will be available with a
selection of front panel overlays,
“personality” cards and system
probes to support a variety of
MiCIOProcessors.

To get your copy of our
uScope 820 brochure and to
arrange for a demonstration right
in your lab, contact your local
Intel distributor or sales representa-
tive. Or write: Intel Corporation,
3065 Bowers Avenue, Santa
Clara, California 95051.
Telephone (408) 987-8080.

In Europe contact: Intel Interna-
tional, Rue de Moulin a Papier,
51-Boite 1, B-1160, Brussels,
Belgium. Telex 24814. In Japan
contact: Intel Japan, K.K., Flower
Hill-Shinmachi East Bldg. 1-23-9,
Shinmachi, Setagaya-Ku, Tokyo
154. Telex 781-2846.

intal delivers.

*Domestic U.S. price only, quantities 1-10.
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Incredible
performance...

at unbelievable

TRW hybrids shatter the price/performance barrier
for RF output power, linearity and dynamic range!

You'll have to see it to believe it! And we're ready
to show you proof. Take a look at some of our typical
applications. Look at the gain quoted for each.

Then take a look at the price. Now, in your produc-
tion units, you can get the performance you'd only
expect from precision laboratory gear.

TRANSMITTER DRIVERS:

600 mW
8 mw CW or PEP ‘ .
1-200 MHz CA 2818 -32dB IMD l i B 2%220*
— e Te—— —> .
< Gain =18.5dB l | 7/ $ EACH
400 mW
8 mw CW or PEP  E— |
10-400 MHz -32dB IMD | |\ 3%2;:5 .
‘ e CA 2800 - HPA .
| / / Gain —17 dB I $ EACH
- | / )
i ,_‘!"‘ |
P | } 500 mwW
AL N\ | = 3mW CW or PEP pr—————
ar-f Y \U' 30300MHz | -32 dB IMD ‘ RN Ty
=l R N e—— 2840 e e el HPA e )
‘ '}"' \'3 j"!. Gain=22dB I[l il 4 s EACH
u’\,.,‘f H s -a-,‘,:‘ =
t - \
Lo. () |? 600 mW
= 0.2 mW CW or PEP =
i \_ 2-150 MHz -32 dB IMD | N o gABN
\ — CA 2830 - — HPA [y $40.00
! / Gain=34 dB j / EACH
b 400 mw
0.2 mW CW or PEP 1
10-400 MHz -32dB IMD | | N CA 2870
— —{ CA 2870 LR WPA - $59.50°
Gain=33dB | | ¢ EACH
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RECEIVER APPLICATIONS:
40 MHz to 100 MHz IF amplifier.

STANDARD IF

2 mw

CA 2875R

RF = to signal *
F @-—- PRE AMP CA 2875R DrOCRSSOr $3!A.C£:)O
L.‘O. Gain=175dB
HIGH PERFORMANCE IF
Input
70 +20 MHz
NF=3dB _
2in=750 20 Y | | 1 280
Ret. Loss =26 dB -20V
RF -~ CA 2876R B H ca 28758 > 50" |
L.O. * Gain=22 dB “Gain=17.5dB
-20V
Po =24 dBm (Harm's —40 dB)
Z0=750 GA TR
CA 2875R Output $31.50°
Ret. Loss =26 dB EACH
lpg=+40 dBm
Gain =175 dB
INSTRUMENTATION APPLICATIONS:
F\‘t +24 V
-4 dBm +26 dBm Leveled
\ CA 2820
CA 2820 (\Or ) $27.93*
\ / \ / EACH
1-520 MHz Gain =30 dB —
SWEPT f\J/ -
*U.S. list prices in 100’s :

These applications are only the beginning.

TRW RF linear hybrids can revolutionize design
after design...with incredible performance at
unbelievable prices. Let us prove it. To get complete
data sheets, send us the coupon.

To find out how you can get a free sample and

test fixture, call Don Feeney at (213) 679-4561,

TRW/ rr sevuconoucTors

ANOTHER PRODUCT OF A COMPANY CALLED TRW

TRW RF Semiconductors
An Electronic Components Division of TRW, Inc.
14520 Aviation Boulevard, Lawndale, California 90260

Please send me your new RF linear catalog.
Please have an applications engineer contact me.
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TECHNOLOGY

UPDATE

In any ordinary year, the seasoned observer of the electronics scene can

count on significant advances in technology that will radically affect the
direction of product development. By that standard, 1977 must be consid-
ered an extraordinary year.

In semiconductors, for example, the 4,096-bit and 16,384-bit memories
have become established products; and memory technology stands on the
frontier of the 65-k and 262-k realm. The advent of the one-chip
microcomputer is accelerating the application and acceptance of
computer power in a host of new areas of application. Nor is the end in
sight—already semiconductor development is moving briskly toward still
denser chips and still higher performance, under the impetus of newly
emerging fine-line processes.

Along with the microprocessor revolution, a major new direction is
being forged for instruments—logic analyzers and other specialized
instruments in the data domain. In communications, large-scale integra-
tion and optical fibers are beginning to have a discernible impact on
systems. In computers, minis with extended capabilities are threatening
the dominion of mainframes; in consumer electronics, technology
nurtured both by the public’s restless search for diversion and by the
exigencies of fuel and pollution control has spurred the advent of
programmable video and nonvideo games, video tape recorders, and
intelligent (almost) television sets, along with computers in autos. In sum,
the remarkable progress in 1977 indicates no sign of slackening.
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SEMICONDUCTORS

F

Pushing performance. This microphoto-
graph shows a section of Intel’s 50-ns 4,096-
bit static RAM built with a 4-um MOS
process. This is the year when short-channel
MOS processes such as this one wili reach
production in both memory and across the
LS| logic products spectrum, The result: new
levels of performance for next-generation
digitat semiconductors.

NEW MOS PROCESSES SET
SPEED, DENSITY REGORDS

by Laurence Altman, soiid State Editor

O In semiconductors, a component and subsystem tech-
nology is on the verge of becoming a high-performance
systems technology. For if the last year or so saw the
optimization of established products like 4,096-bit and
16,384-bit random-access memories and 8- and 16-bit
microcomputers, the next 12 months will witness the
birth of processes leading to very-large-scale integration:
65,536- and 262,144-bit read-only and random-access
memories, fast 16- and 32-bit one-chip computers, and
visi peripheral chips performing entire process-control
and telecommunications functions.

In short, 1978 will be a signal year in digital electron-
ics. For the semiconductor manufacturer, it will be a
time when advanced, high-risk, vLs1 process technology,
costing tens of millions of dollars to develop, must be put
into production. For the system and equipment designer,
it will be a time of radically innovative redesign around
these vLsI components. Indeed, what happens in the next
12 months will determine how electronics components
and equipment will be built, who will build them, and
what new markets they will serve throughout the next
decade.

Already key semiconductor manufacturers are jostling
for a dominant position, as five high-performance vLsi
processes emerge. As yet, it is too early to predict which
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process will capture the major portion of next-generation
digital designs, but it is already possible to foretell their
relative effectiveness for different applications.

The technique in widest development among Amer-
ican manufacturers for next-generation devices is a
scaled-down, high-performance version of standard sili-
con-gate MOS processing—Intel Corp., Santa Clara,
Calif., dubs its version H-MOS.

What makes scaling an MOs device so attractive is the
familiarity of the procedure. For 20 years the industry
has known that a semiconductor device’s performance
and density increases geometrically as the dimensions of
the circuit elements are shrunk. So the trick has been to
reduce the channel length, gate-oxide thickness, junction
depth, and so on of their circuit elements. (For a
complete discussion of device scaling, see the special
report on the new LSI processing, Electronics, Aug. 18, p.
91). At Intel, H-MOS devices have at most 4-micrometer
channel lengths, 600-to-700-angstrom gate-oxide thick-
nesses, and junction depths of less than 1 um—all about
one third to one half the size of these parameters in 1976
silicon-gate devices. The result is triple the performance
of the old Mos devices: a 1-picojoule speed-power prod-
uct, as against 3 pJ for 6-um MoS.

Intel has already applied this 4-um H-MOS process to a
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4,096-bit fully static RAM, the 2147, which is as fast as
bipolar RAMs but consumes 500 milliwatts instead of at
most twice that much. Moreover, the H-MOS process
lends itself with no loss of speed to power-down designs,
in which unselected RAMs can idle at a mere 50 mw, a
particularly attractive feature for large static systems.

The rapid success of Intel’s 4-um MoOS process has
caused the rest of the industry to evaluate and in some
cases accelerate its scaling programs. Mostek Corp.,
Carrollton, Texas, for example, who from the beginning
has scaled its n-channel, depletion-load MoOs process, is
already using a 4- and 5-um single-5-volt process in new
high-performance 4104 static RaAMs and 3870 one-chip
microcomputers. According to Robert Proebsting, MOS
device designer, Mostek’s policy is to scale devices to the
limit that is consistent with high reliability. “There’s
nothing magical about it,” says Proebsting. “We have
been doing it for years, and we will continue doing it
where appropriate.”

Similar n-Mo0s programs are under way at Motorola
Semiconductor, Texas Instruments, National Semicon-
ductor, Signetics, and Fairchild Semiconductor. They
are at various stages of applying scaled-Mos processes to
all sorts of Ls1 products: microprocessor central
processing units, LS1 peripherals, read-only memories,
erasable programmable ROMs, and dedicated chips, such
as telecommunications coder-decoders, random control
logic, and consumer circuits for games, television sets,
citizens’ band radios, and so on.

Such an instantaneous, across-the-board exploitation
of a new technology is unusual, but in this case it
happens because H-MOs and the other scaled processes
are a direct extension of proven silicon-gate processing.
Nevertheless, scaled devices are more expensive to build,
needing smaller integrated-circuit patterns and stricter
and more complex processing. Hence the question: does
the revised process improve enough upon the density and
performance of the standard silicon-gate process to be
worth the added expense?

Yes, judging from Intel’s instant success with the
2147. In volume, the part will cost about the same as or
less than equivalent bipolar RAMs, yet it offers four times
as many memory bits. Moreover, applied to microcom-
puters, a scaled-Mos process will result in a 16-bit cpu
that is comparable in performance but lower in cost than
minicomputer-type bipolar chips. For complex periph-
eral functions, such as floppy-disk or cathode-ray-tube
controllers, H-MOs processing for the first time supplies a
truly high-performance Ls1 approach—previous MOs or
transistor-transistor-logic versions often proved either
too slow or too costly for many applications.

But is it reliable?

Cost and performance aside, the tougher question for
H-Mos designers is reliability. If a semiconductor device
is made small enough, normally negligible second-order
effects begin to obtrude and cause nonideal behavior.
Eventually, the device’s operation suffers from such
second-order problems as charge fringing, punch-
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NEW MOS DEVICE TYPES COMING THIS YEAR

‘ Performance
Type Process Access— | Power
time {ns) (nW)
96bit § . silicon gate 125 500
‘r‘a;gdombgcgelg rsr::xmi)ry H-MOS | 80 300
V-MOS 80 300
B ) ) silicon gate - -
?éggg})“l; fully static H-MOS 50 | 500
V-MOS 45 450
. silicon gate 300 500
reeilgf)enltctmemory H-M0S 250 500
V-MOS 200 300
silicon gate 350 600
16-bit {
microprocessor H-MOS 250 ‘ 500
V-MOS 150 | 500
silicon gate 500 500
LS| peripherals H-MOS 300 500
V-MOS 300 500
16,384-bit silicon gate 500 500
erasable programmable H-MOS 300 500
ROm | v-mos | 300 | 00

through at low voltages, and threshold voltage shifts.

Fortunately, at the 4-um, 600-angstrom level of
today’s H-MOS geometry, these second-order effects
either are still too small to affect reliability or can be
fixed with tight process control. The oxide must be kept
very pure, and the gate-doping profiles and field-doping
regions kept in line with ion implantation. After using
these precautions, Intel engineers have found that their
H-MOS 4-k RAMSs survive accelerated life tests as success-
fully as any other of their memory products.

The shoot-out

While H-MOS processes are taking hold at many semi-
conductor manufacturers, an outside MOS technique has
emerged that promises to battle them for dominance in
many applications. The process is v-MOs, and its devel-
oper is American Microsystems Inc., Santa Clara, Calif.

A double diffusion in the channel region allows v-M0s
transistors to operate as if they had an ultra-short, 1-um
channel while they are actually fabricated with relaxed
5-to-6-um pattern rules. Thus they achieve high
performance without the fine pattern geometry and
process stringency of H-MOS.

Moreover, the v-MOS transistors are built on the
slanting inner surface of a V groove, anisotropically
etched into the silicon substrate to give access to the
buried v-MOS source. This use of a third spatial dimension:
makes for very compact VLS| circuitry, capable of
packing about 20% more circuit elements than H-MOS
onto a piece of silicon. To top things off, v.MOs tran-
sistors, if scaled down to 4-um H-MoOs rules, will be faster
and consume less power. The speed-power product is 0.5
pJ for v-Mos, 1 pJ for H-MOS.

Paper comparisons are useful, but the bottom line to
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all this process activity is product performance: speed,
power, cost, and availability. The question by now is how
quickly and at what cost the new devices—Intel’s 4-k
H-MOS RAMs and AaMi’s samples of 1-k and 4-k v-MOS
RAMs—can be put into high-volume production. Both
types clearly will be more expensive to manufacture than
standard 6-um silicon-gate devices. But as for which will
manage to undercut the other, IC manufacturers and
users will be able to make their own evaluations this
year, as H-M0s and v-Mos products take their place
alongside conventional silicon-gate products (see table).

A Japanese entry

A third Mos technique that may make an impact on
LSI design in 1978 comes from Japan. It is D-MOs, a
planar double-diffused process that like v.M0s produces
seemingly short-channel devices. Manufacturers like
Nippon Electric Corp. and Mitsubishi Electric Co. have
built 4-k p-Mos static RAMs and 8- and 16-bit D-MOS
microprocessors for evaluation in dedicated programs.
But these parts are not expected to be sold abroad this
coming year.

For export purposes, Japanese manufacturers appear
at the moment to be concentrating on short-channel Mos
processes, similar to H-M0s. Once developed, these would
be used to copy Intel’s 2147 plus any peripheral chips
and other devices that become U. S. industry standards.

As H-MOs and v-MoOS slug it out in center ring, two

more processes will attract the attention of users. They
are integrated injection logic and silicon-on-sapphire.
While both appear to be useful for dedicated applica-
tions, fewer and fewer integrated-circuit specialists feel
they represent mainline digital techniques capable of
producing a wide range of device designs at most semi-
conductor manufacturers.

12L has had dramatic success in dedicated LSI designs,
such as game and watch chips, telecommunications
control circuits, and mixed digital and analog circuits.
But it is finding standard digital Lsi designs harder to
penetrate, except in very high-performance areas. Here,
the line of 13L dynamic 4-k and 16-k RAMs made by
Fairchild Semiconductor, Mountain View, Calif., are
being used in systems requiring access times that are
shorter than the 150 nanoseconds available from
n-channel Mos devices.

In the running

As for the silicon-on-sapphire process, Hewlett-
Packard Co., Palo Alto, Calif., has stayed on schedule
with its complementary-Mos-on-sapphire program and
has introduced ROMs, RAMs, and a 16-bit cpu into its
instrument and computer lines. Rca Corp. is still evalu-
ating the sos technique for advanced product designs,
while other commercial manufacturers continue to show
only theoretical interest in developing the process for
some applications, at least for the next few years.

PROFILE

It was October 1975. One of the worst semiconductor
slumps in the decade had cut deeply into the profits of
American Microsystems Inc. To make matters worse, AMI
had invested heavily in the digital-watch business, and it
hadn’t worked out.

That's why its top management listened carefully when
an energetic 28-year-old Ph.D. student from Stanford
University’s nearby integrated-circuit laboratory told them
about a new metal-oxide semiconductor process that, he
said, would put the Santa Clara company in the forefront
of MOS device technology. Clearly, it would be a gutsy
gamble, because the process was based on a radically
different device structure requiring circuit elements that
were built on the face of a V groove cut into the MOS
substrate. It could cost several million dollars and no
telling how long to get the process running in production.

Luckily, the Stanford student was a super salesman as
well as a shrewd technologist, and he persuaded AMI
management to go along with the idea. They are not sorry.
T. J. Rodgers produced his first V-MOS memory prototype
just six months after joining AMI and his first production-
ready 1,024-bit static RAMs only 18 months later —and he
did it for less money than anyone had expected.

The result: less than two years after Rodgers started
working at AMI, the company has launched a line of
V-MOS memory products that leads the MOS industry in
speed and density.

Rodgers is quick to give credit to AMI management,
especially Donald Trotter, vice president of research and

The man who added another dimension to MOS

development and his immediate boss in the early days.
“Don gave us the support we needed for doing the job,"
says Rodgers. ‘“‘He sheltered the project in times of peril,
like the 4-k crash. No matter what was happening around
us, we were able to do our own work. Of course, we could
be pretty loose in those days since we were pushing one
process for one product. All we needed was a few good
people working long hours."

Things are different for Rodgers now. As newly
appointed head of memory development, he has to get
some six different memory products ready for production
in a short time. *‘That takes a lot of product engineers, a
lot of test people, a lot of hustling, and a lot of bucks,’* he
says. ‘‘The game has changed."
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One step closer...

Introducing the Tektronix 7912AD Prcgrammable Digi-
tizer, one step closer to absolute automation of tedious
tests and measurements.

The 7912AD brings full programmability o!f cperating
parameters to the world’s fastest waveform digitizer. This
state-of-the-art instrument reduces the probabilities of
human error and the dependence upon high level, skilled
technicians because it can be operated automatically
and remotely.

Automatically . . . because at the heart of the 7912AD is
a micro-processor which controls the ertire sequence of
functions as programmed. The 7912AD even checks itself
out when it's switched on!

Remotely . . . because interfacing is fully compatible to
the IEEE 488 (IEC) instrument bus requirements. control
can be exercised by a wide range of calculators, micro
and minicomputers. Best results are attained, however,
when utilizing the Tektronix CP4165 Controller with TEK
SPS BASIC waveform processing software.

Step into the realm of full test and measurement pro-
grammability with the Tektronix 7912AD Programmable
Digitizer!

Write for free information pac<age; Tektronix, Inc., P.O. Box 500,
Beaverton, Oregon §7077, Attention MAG, B. R. Cole; or phone
(503) 645-6464, extension 1146.

| Yes, I'm interested.
Bring me one step closer today!

TITLE
[ COMPANY ; -
ADDRESS

CITY
SPS-1-977

[
|
' NAME
i

STATE ZIP

Tektronix

COMMITTED TO EXCELLENCE
For Technical data Circle 95
For Demonstation Circle 94 85



MEMORIES & MICROCOMPUTERS

TABLE 2: 197€ STATE-OF THE-ART MEMORY "ECHNOLOGY

. Active power
Device type Acc(ess)tnme dissipation Application
o3 | perchip (mW)
4-k to 16-k MOS = 150 — 300 [ 400 — 600 large mainframe
dynamic RAMs and microcom
puter-based
systems
. 4k fully static 150 — 300 ] 500 peripheral and
I 2114-type microcomputer

MOS statics k systems

4-k clocked I 150 —200 120 (30 standby} | peripheral and

4104-type microcomputer

MOS statics | | systems

1k 1o 4k fast ‘ 50 — 100 500 ! fast mainframe,

MOS statics cache, or micro-

computer-based
[ systems
1 — .
4k to 16k I°L | 90-125 | 500 | fast mainframe
dynamic RAMs | ! and microcom-
| puter systems
4k to 16k 2L | 70— 125 500 (20 standby) | fast mainframe,
static RAMs peripheral, and
microcomputer
systems

1-k to 4-k 30-70 500 — 1 watt cache

TTL/ECL

static RAMs

32-k to 64-k 200 - 500 500 fixed memory

MOS ROMs and program

storage

1-k to 8-k 50 — 100 700 fixed storage

TTL ROMs

8-k to 16-k 500 500 prototype

EPROMs program storage

(UV-erasable)

8-k EAROMs nonvolatile RAM;
nitride types 1 us 500 reprogrammablie
Famos types 500 500 ROM

64-k CCD 1us 500 disk replacement;

memory auxiliary serial

memory

100-k to 1,000-k 10 us 500 nonvolatile disk

bubble memory replacement;

microcomputer
storage
o StEe: Electronics

16-kilobit level as manufacturers followed Intel, who
invented the device, to higher densities using a more
sophisticated 5-v floating-gate Mos, or Famos, process.
As for electrically erasable nitride and Famos prOM
devices, they too will improve in density and become
more attractive in such systems as reprogrammable
point-of-sale terminals and Tv tuners—systems that
require nonvolatile, periodic updating.

For ccp memory, 1978 will be a decisive year. The
technology has finally reached the 65-k chip level —a
density that makes the cost per bit low enough for
system evaluation. Moreover, Fairchild, Texas Instru-
ments, and Intel all will have 65-k devices that are fast
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enough (500 ns to 1 millisecond) for many microcom-
puter applications, where they could be used in place of
floppy disks as auxiliary storage; in this case, a page of
working data is transferred from the disk to the ccp for
handy use during a routine and returned when the opera-
tion is completed.

Finally, there are bubbles. T1’s 92,000-bit bubble chip,
along with peripheral bubble drivers, detectors, and
controllers, has finally given the systems designer an
opportunity to evaluate this potentially attractive mass-
storage technology in prototype systems. Being nonvola-
tile and equal in cost with mini-floppy storage, bubble
systems could be used immediately in floppy-based
microcomputer systems as replacements for floppies.
Bubbles are now about twice as fast as conventional
floppies, but most important, they should decrease
sharply in price over the next few years as higher levels
of bubble-chip integration (1 million to 2 million bits)
become available.

Those powerful one-chippers

The appearance last year of the powerful 8-bit one-
chip microcomputer marked a flowering of semicon-
ductor techniques in data-processing applications. Intel’s
8048 family, Mostek’s 3870, and T1’s 9940 are currently
the most prominent of these chips, but all have enough
processing power and real-time control capability to
handle applications that formerly needed more expensive
multichip microcomputers. This is especially true of
configurations requiring a modest amount of memory
but a lot of 170 control. For example, it is now possible to
build a complex printer capable of handling many inputs
with, say, a single 8048 microcomputer chip and one TTL
driver instead of 12 chips from the 8080 family.

The 8-bit types differ in their details. Some are soft-
ware-compatible with multichip families; others stand
alone. Some have uv-erasable program options; others
are mask-programmable only; and so on. But they all
have in common an 8- or 16-bit cpu and an accumulator
stack, 1,024 to 2,048 words of ROM, 64 to 128 words of
scratchpad rRAM, and ample 170 capability of 24 to 32
lines that is sometimes expandable to 256 lines. Also,
they all have fairly powerful instruction sets of up to 70
instructions, including some highly sophisticated routine-
interruption capability.

Manufacturers are also working on the low-end 4-bit
microcontrollers, as well as shoring up their multichip
high-performance line. Rockwell, 11, National, and
General Instrument have boosted their low-cost ($5 and
under) 4-bit capability with higher-performing devices.
Rockwell Microelectronics offers the largest line of 4-bit
microcomputers, the PPS 4/1 family, and has just intro-
duced its newest member, a p-channel Mos chip, the
MM76C, that incorporates a programmable counter-
timer and analog-to-digital interface logic on the chip.
National and T1 will be offering n-channel versions of
their p-Mos COP and TMS 1000 series, respectively
which increase throughput and instruction capability at
no extra cost. National, for example, will be offering its
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MUPRO FEATURES

Real-Time Execution from emulator or users’
system memory

Multi-User/Multi-Task Disk Operating System
(MUTE)

Block Structured Assembly Language (BSAL)
and user oriented software packages

Transparent Control/Display Consoie

Compact and ruggedized system packaging
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MUPRO
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YOUR BENEFITS

More thorough and flexible system test capability
More efficient use of software personnel permits
simultaneous use by up to four programmers
Saves software development and maintenance
time while retaining the size, speed and flexibility
of assembly language programs

Provides total use of microprocessor. No
memory, 1/0 or interrupt restrictions

Single system provides total solution to
development, test and field service needs
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Ballantine Model 1010A
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MEMORIES & MICROCOMPUTERS

COP 410, 420, and 440 chips all with a 4-microsecond
instruction-execution time.

At the same time that manufacturers are boosting
their one-chippers, they are upgrading their multichip
families. In response to Zilog Inc.’s Z-80, an enhanced
8080 multichip system, Intel developed its high-perform-
ance 8085 three-chip set, which matches the Z-80 in
memory capacity, instruction power, and throughput.
Now, as other manufacturers move into the high end,
they must decide whether to enhance the 8-bit family as
Intel did, move straight into the 16-bit minicomputer as
T1 did with its TMS 9900, or do both. It appears that
National and Motorola will enter 16-bit systems, while
Intel and its followers will most likely do both.

More important than cpu enhancement, however, is
the increased peripheral-chip capability now being
offered as part of all multichip families. These peripheral
controllers —cRrT, data-link, keyboard, floppy-disk, and
memory—are more complex than the cpu themselves,
containing a high level of processing and local control.
For example, the Lsi versions of a CRT controller are
programmable with system software to handle X, Y,
scan, display, erase, and retrigger commands, all with
on-chip controls. What is more, these versions do not use
up any of the cpu’s processing time.

The next level of integration is microcomputer boards,
and here chip manufacturers have stepped up their activ-
ity, offering families of system-compatible memory,
arithmetic, analog, and control boards for use directly
with their multichip lines. Intel and Zilog currently lead
in the number and variety of digital boards available,
while T1 and Motorola continue to fill out their lines.

Minicomputer makers with microcomputer products
are also very active in new board entries. Besides
building up 170 and special-function hardware to fill out
their lines of microcomputer boards, companies like
Digital Equipment Corp. and Data General Corp. now
offer upwardly compatible software that allows users to
move from microcomputers right into minis.

Four types of board

In general, new board entries fall into four categories:
processor boards, which may be cpu only or cpu,
memory, and 10 combinations; memory-extension
boards that contain 64 kilobytes or more of ROM or RAM,
or combinations of both, with 1/0 logic (some even have
battery backup); special-function boards that perform
fast floating-point arithmetic and calculator operations,
a-d conversion, or timing functions; and 1/0 boards that
include serial and parallel interfacing, multiline digital
inputs and outputs, opto-isolation, and a wide variety of
analog 1/0 functions for both voltage and current signals.

Of the four, the newest type is the analog 170 boards,
which eliminate the tedious task of designing the inter-
face between the microcomputer and the analog equip-
ment it controls. They will be especially useful to digital
designers who may not be conversant with analog design.

Analog boards are now readily available in a variety of
configurations for direct connection to the microcom-
puter. They are being supplied not only by several micro-
computer houses, like Intel, Zilog, Motorola, and DEc,
but also by a number of non-microcomputer suppliers,
among them traditional converter manufacturers like
Analog Devices Inc., Burr-Brown, and Datel Systems

It adds up. For the first time, charge-coupled devices are being used for logic operations. Using CCD configurations, this 8-by-8-bit full adder-
multiplier from TRW can perform additions and multiplications needed in complex signal-processing systems.
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MEMORIES & MICROCOMPUTERS

Inc., as well as specialty suppliers like Adac Corp. and
Data Translation Inc.

A newcomer to the field is the very-low-cost board
that is taking aim at dedicated control applications. Intel
announced an under-$100 single board based on its 8085
family, for example. Though the board has no bus-
interfacing capability, it has ample RaM and rROM for
stand-alone applications. T1 has added an entire low-cost
16-bit line, the TMS990 series. Its TMS990/100M not
only includes a debug monitor in its erasable PROM, but
also has a breadboarding section with empty sockets.

Microcomputer designers are also being offered new
system capability as evidenced by the appearance of
applications software. Programs that manage the execu-
tion of microcomputer tasks —the same as used in large
computers —are more prevalent and saving designers a
good deal of time. These real-time executives are either
disk-based or in a relocatable software module that
resides in a ROM. Intel’s RMX/80, one of the latter kind,
requires only 2 kilobytes of ROM.

Development systems

Microcomputer system designers are also enjoying a
greater variety of more powerful development systems.
Witness the growth of available systems over the last two
years, when Intel introduced the first microcomputer
development system for its 8080 family. Besides having
development and in-circuit emulation capability for its

established 8080 and 3000 microcomputer families, Intel
has introduced personality boards this year for the new
high-performance 8085 and the one-chip MCS-48
microcomputer family.

Indeed, powerful development systems now exist for
all the established microcomputer families, supplied both
by the major manufacturers of these lines and by inde-
pendent instrument manufacturers. Development
systems of many types have emerged from chip makers,
including Zilog, Ti, Rockwell, Motorola, Signetics, and
RCA. Zilog’s latest system, its program development
station, is distinguished as a low-cost alternative to large,
multi-user systems —single-disk multiple stations can be
added as needed to supply many users. More general in
purpose is the new Rockwell mini-floppy-based develop-
ment system, which offers optional personality modules
for use with other manufacturers’ processors.

A new source for microcomputer design tools is the
instrument manufacturers, whose development systems
aim at universality. Tektronix Inc.’s system, for example,
supports the 8080, 6800, and Z-80 processors. Mupro
Inc.’s system provides for the processors mentioned
above and for 8085 development as well. Moreovet, it
accommodates up to eight designers at once, while other
systems in its price range are suitable only for a single
designer. Multi-user systems are far more serviceable,
and most manufacturers will swing over to them in the
near future.

PROFILE

It's young engineers like Richard Pashley that make the
U. S. semiconductor industry the most innovative in the
world. Not yet 30, he has played a maijor role in devel-
oping Intel Corp.’s new metal-oxide-semiconductor pro-
cess, which he has also used irn an innovative memory
design. The process is H-MOS, for high-performance
MOS, and the design is the 2147 50-nanosecond, 4,096-
bit static random-access memory that promises to be
copied by practically every semiconductor manufacturer.

Pashley's work at the Santa Clara, Calif., firm in
speeding up and increasing the density of standard sili-
con-gate MOS was what persuaded Intel brass to stay
away from bipolar technology for memory design. “The
early days of 1974 were particularly challenging for us,”
he recalls. *‘| was assigned the task of making MOS as fast
as bipolar. At that time the company was looking at all
memory processes, including 12L, and the more we
compared them, the more we saw that everything they
could do with the bipolar techniques we could do better
with MOS techniques. We haven’t deviated from that path
since."'

Fresh from obtaining his Ph.D. from Caltech in late
1973, Pashley was given his first job at Intel: to redesign
the extremely successful 2120 1,024-bit static RAM for
next-generation applications. “It involved both a process
change and new circuit design,” he says. “To speed
things up, we added depletion loads to the process, but
we had to do still better to be competitive with bipolar
RAMs in cache memory design."'

Big achiever on a small scale

In 1975 Pashley hit on the technique of on-chip
substrate back-biasing, which allows MOS transistors to
be scaled down in size even further. That technique,
coupled with some circuit tricks, produced the first 1-k
MOS RAM with access in less than 100 ns and proved to
the industry that MOS had a lot of life in it still.

By then Pashiey had caught the eye of his superiors,
who took him off the 1-k static RAM project and gave him
the challenging assignment of developing Intel’s next-
generation MOS process, not just for memory but for
microprocessors as well,

As is common at Intel, Pashley’s group moved in meth-
odically but at high speed. ‘“We looked at D-MOS, V-MOS,
and other exotic technologies, and the more we looked,
the more we saw that scaling our old silicon-gate process
was still the best way to get high performance, both for
memory and logic applications."’

Once scaling down for high performance was decided
on in November 1975, Pashiey's group really poured it on.
It took them about
five months to
apply the H-MOS
process to the old
70-ns, 1-k 2115,
resulting in a 50-
ns 2125, and an-
other six months
to design the 4-k
2147.
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COMPUTERS

Deceptive desktops. Looking at first like
fancy terminals, this year's desktop comput-
ers pack almost as much power, memory,
and |/0 as some minicomputers. Hewlett-
Packard Co.’s 9845 incorporates keyboard,
display, cartridge-tape drive, thermal printer
with a fast processor, and enhanced Basic
compiler. Lots of software packages target
turnkey systems for the scientific and finan-
cial communities.

by Raymond P. Capece, computers Editor

0 In a total about-face, this year the central processing
units are racing to stay on top of their smart peripherals’
demands. They are also racing to stay ahead of each
other— 16-bit desktop computers pounding after 32-bit
minicomputers that perform easily as well as some main-
frame models.

Fueling the whole chase are the advances in large-
scale integration that have ballooned memory capacity
and produced powerful chip processors. With such hard-
ware at hand, computer designers are at last free to
concentrate on system throughput, which they are
boosting by increasing instruction sizes, widening data
channels, and reorienting architectures to exploit the
abundance of cheap memory—whether as caches,
lookup tables, or microcoded processor control stores.

Nor are memory-subsystem designers idle. Floppy-
disk systems now have the capacities of earlier hard-disk
designs, and optical-storage techniques loom, as magnet-
ic memory pushes the limit in density.

Minicomputers in the limelight

This year, advances in system hardware and architec-
ture boosted minicomputer throughput in particular.
Somie, for instance, turned into better number crunchers
through incorporating special arithmetic processors. The
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MEMORY-ORIENTED DESIGNS
MAXIMIZE THROUGHPUT

Eclipse C/300 from Data General Corp. of Southboro,
Mass., and the 8/16E from Interdata Inc. of Oceanport,
N. J., are among those that acquired hardware that does
single- and double-precision floating-point arithmetic
about as fast as some mainframe computers.

Instruction sets, too, were refurbished, to get more out
of the huge new main memories. Several million bytes of
directly addressable memory—not the 65,536-bit limit
imposed by a 16-bit word—is needed these days, and
various memory-management schemes are bringing the
16-bit machines up to scratch, including special 32-bit
instructions. The 21MX minicomputer series from
Hewlett-Packard Co., Palo Alto, Calif., acquired a
dynamic mapping capability that lets it address 2 mega-
bytes if need be. The memory management system of the
16/550 from General Automation Inc., Anaheim, Calif.,
can handle 2 megabytes, too, and also write-protects
selected blocks of data. The model 500 from Prime
Computer Inc., Wellesley Hills, Mass., can address 8
megabytes and also provides for virtual memory.

As for speed of access to million-byte memories, just a
few kilobytes of bipolar cache can keep it to less than
half a microsecond. The trend here is towards larger, less
complicated caches as memory cheapens.

In minicomputers with large metal-oxide-semicon-
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COMPUTERS

ductor memories of 65 kilobytes and up, error-detection
and -correction coding is becoming either a standard or
an optional feature. Although it means adding 5 or more
error bits to each data word, the coding corrects single-
bit errors and detects longer ones. Digital Equipment
Corp. of Maynard, Mass., introduced its PDP-11/60 this
year with error-corrected Mos memory as standard and
also began offering error-corrected MOS memory as an
option on its PDP-11/70,

Nor have the input/output capabilities of minicom-
puters been neglected. Newly available are high-speed
data channels, formerly a mainframe feature, which
gives the small machines byte-transfer rates of several
megahertz. Direct memory access, sorely missed in 1BM’s
Series/1, is giving other minicomputers the entrée to
new areas of real-time processing and providing further
opportunities for interfacing to mainframes.

Coming up from below

Such is their success that minicomputers are under
attack from below —desktop units that today are much
more than glorified calculators —as well as from above —
mainframe firms eager to extend downwards.

What with their simple interactive languages and pre-
packaged software options, the self-contained, turnkey
desktop systems appeal more to scientists and busi-
nessmen than to computer programmers—deliberately
so. The emphasis of the PCS-II, a product of Wang
Laboratories Inc., Tewksbury, Mass., is on business
applications. It offers several accounting and billing
software packages and for storage has an 89,600-byte
minifloppy disk. HP’s 9845 is an extremely powerful
desktop computer with 210-kilobyte microcartridge stor-
age. It packs this plus a keyboard, thermal printer, and
cathode-ray tube into a single case.

Small businessmen received attention from many
manufacturers, who see them as a growing market for
automated billing and inventory control gear. Software
packages oriented towards management abounded,
many of them in the business language of Cobol, for
which more compilers are being provided. Typical of
many small systems brought out this year was the
LCC/60 ledger-card desktop computer from Monroe of
Orange, N.J. Designed for general accounting, the
LCC/60 is simple to operate and has the forms-handling
capability needed in business applications.

Notable among the mainframe manufacturers who
honored the minicomputer world with their own entries
were 1BM Corp. with its Series/1 and Sperry Univac with
its BC/7. The Series/1, out of the General Systems
division, is a 16-bit processor comparable in performance
to a DEC PDP-11/34 or a Data General Nova 3/D, as
shown in the table. While it is not 1BM’s first minicom-
puter —the unsuccessful 1700, which used 6-bit words,
was first shipped in 1962 —the unbundled Series/1 is
destined for a certain market share, despite its initially
minimal software.

The launch of Univac’s first minicomputer, the small-
business BC/7, compounded by Univac’s acquisition of
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MINICOMPUTERS IN IBM SERIES/1 MARKET

Manufacturer / mode!

B |

series/t | . DEC DG HP
ene ‘pnp-n 34 | Nova3D 21MX-E
| 4953 4955

DATA FORMAT

Word length (bits) 16 +2 parity 16 +2 parity | 16 +1 parity ' 16 +1 parity

i

Fixed-point
operand length ‘
(bits} 16 16 16 16,32
Instruction length
(bits} 16 16, 32,48 16 16, 32
Floating point ! optional ‘ optional optional standard
FP operand i
length (bits} 32/64 32/64 32/64 32/64
MAIN MEMORY Y
Storage type MOSFET CORE| MOS CORE/MOS MOS
Cycle time (us/wd) | 08 0.66 l 0.98 [0.725 0.7 0.65
Accesstime (us'wd) | 06 | 03 | 051 [0.635| 0.35 0.325
1 | —r -
Minimum size
{kilobytes) ‘ 16 16 4 4
Maximum size
(kilobytes) 128 124 262 2,000
Parity checking standard | standard optional standard
Error correction no no no optional
Storage protection none |standard | standard optional optional
Storage mapping optional standard standard optional
CENTRAL
PROCESSOR
Accumulators - 6 4 2
Index registers - 6 ‘ 2 2
| Direct addressable ‘
! kilowords 32 32 256 32
] == —e ! 4
Addressing modes 4 8 6 7
Control storage read-only store ROM,RAM
(kilobits) i r 2 7 na. na. 85
Add time {us) 8.4 242 | 2.03 0.7 194
Hardware
multiply/divide standard optional optional standard
Hardware byte
manipulation standard standard optional standard
Battery backup optional optional optional na.
B = U = —— y |
Real-time .
clock/timer optional standard optional optional "
INPUT/QUTPUT T
Direct memory access | n.a. standard | standard optional
Maximum 1/0 rate ‘
{million words/s) 08 2.5 1.1 0.616
4 + +
External interrupt ‘
levels ‘ 4 variable 16 60
| 1
Source: Lee Walther & Co. ‘
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IBM advances. The IBM 3033 processor offers nearly twice the
computing power of the 168-3 it succeeds in the System /370 family,
yet it takes up half the floor space. Similar upgrades were offered for
the 148 and 158-3 processors with [BM's 3031 and 3032.

Varian Data Machines, announces that the company is
in minicomputers to stay. The BC/7 uses bit-slice chips
for main processing and several 8080 microprocessors
for peripheral control throughout the computer.

Mainframes not idle

The big news in big computers was the announcement
of 1BM’s 3033 processor, which performs about twice as
well as the 370/168-3. The computer giant followed that
up with the 3031 and 3032, enhanced versions of its 148
and 158 processors, again with about twice their prede-
cessors’ computing power.

Also in the news was Amdahl Corp.’s 470V /5, subor-
dinate to the company’s popular 470V/6 that competes
with 1BM’s 370/158. The Sunnyvale, Calif., firm also
delivered an enhanced 470V /6-11 this year. Another firm
taking a shot at 1BM was Control Data Corp. of Minne-
apolis, which introduced its Omega 480 series of 1BM-
compatible computers featuring superior performance at
lower cost than models in the 370/135-to-/148 families.

Besides new models, several upgraded versions of
established machines appeared as product lines were
widened. Burroughs Corp., Detroit, introduced no fewer
than eight new models nested in its 800 series and also
announced its BSP scientific processor for number-
crunching. NCrR Corp. added several new computers to its
8000 series, including its 8100 family aimed at the
small-business minicomputer market. Marking a thrust
toward multiprocessing and networking, the Dayton,
Ohio, firm is stressing interactive processing, for exam-
ple, by adding interfacing capabilitics to the V-8560 that
simplify the hookup of several terminals.

Foreseeing the spread of distributed-processing
systems, some manufacturers have set up guidelines to
this application of their product lines. NCR, for example,
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has established guidelines that cover link protocols, data-
access methods, and intranetwork disciplines. Similarly,
Hp brought out its DS/3000 and DS/1000 packages of
read-only-memory subsystems and software that provide
communications throughout any network of HP 1000
and 3000 systems.

Actually, many of the networks termed distributed
processing could more aptly be called multiple-task,
multiple-user systems, as which they are far more flex-
ible than single-user systems. For example, Honeywell
Information Systems Inc.’s DST 6/5000, based on the
Minneapolis company’s Level 6 minicomputer, supports
up to four terminals in a disk-operating system. It resem-
bles NCr’s 8200 family and Harris Corp.’s network of
1600 processor family members (to which three new
models were added) in that it, too, organizes interactive
network approaches and reduces processing bottlenecks
by running several jobs simultaneously.

Terminal fever

Aiding and abetting the distributed processing revolu-
tion is the evolution of intelligent terminals, some of
which approach minicomputer performance. Large-scale
integration has added such abilities as text scrolling, as
well as the blinking, highlighting, and reverse-video of
characters, selectable by the user, that can be found on
terminals from Applied Digital Data Systems Inc., Ann
Arbor Terminals Inc., and others. For a few dollars
more, terminals like Perkin-Elmer Corp.’s Data
Systems’ 1200 get into editing and forms-generating
capabilities.

Further up the line, highly intelligent terminals were
brought out with several kilobytes of chip read-only
memory for terminal programming and 16 kilobytes or
more of user random-access memory. The VDP-400
from Lear Siegler Inc., Anaheim, Calif., uses a bit-slice
processor chip set from Fairchild for 16-bit processing
capability. Texas Instruments Inc.’s 770 terminal, with a
microcartridge tape store and thermal printer, contains
the TMS 9900 16-bit microprocessor.

The use of graphics terminals has widened, and the
year was particularly significant for raster-scan
graphics, which has brighter images and more flexible
handling than storage and refresh approaches. Most
raster-scan systems require lots of memory, since their
picture elements are represented by bits of storage on a
one-to-one basis, but cheaper semiconductor RAM
assures the technology first place in graphics.

Hewlett-Packard premiered its 2648A raster-scan
graphics terminal, which marked the first time a
terminal used 16,384-bit RAMs, and it put them to good
use in such features as panning, zooming, and rubber-
band graphics creation. Ramtek Corp. of Sunnyvale,
Calif., introduced its Micrographic terminal, a raster-
scan graphics model with full-color display. Just as with
HP’s, software for graphics can be had for the unit that
automatically generates graphs and pie charts.

Printing terminals, though less popular than cathode-
ray-tube types, were introduced by a few firms. Texas
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OLD DOWN PROM SOFTWARE DEVELOPMENT
COSTS WITH DATA 1/O SYSTEMS.

With Data I/O PROM programming You can then review the program as
systems you can develop and test PROM many times as you need to check against
programs before committing a single truth tables, edit or make changes. Once
PROM. the prcgram is perfect, you can begin

You simply load your program into the = programming with the assurance that the
system using the Data [/O PROM Program- tirst PROM you program will work.
mer keyboard or remote interface. The pro- Cata [/O Universal Programmers
grammer system can emulate any commer- interface with all microprocessor
cially available PROM —including MOS. developmental systems.

We'’d like to tell you more.
This fact filled tabloid gives you

y valuable information about

= RIS - PROM programming technology
To get your copy, circie reader
service number or contact Data
/O Corporation, PO. Box

308, Issaquah, WA 98027
Phone 206/455-3990

Prograrnmers from $1095.00 . THE PROM pROGRAMMER PEOP'LE.

For more information, Circle No. 240




Miproc
16'A89

micropower
to give you
high-speed faster.

Internationally acclaimed Miproc-16 This cost-effective application system, named
with a compute-rate of up to 4 million instructions per Miproc-16 AS, has room for one, two or even three
second is the fastest 16-bit microcomputer card Miproc-16 CPU’s. Smartly styled and equipped with
family available. add-in 13-slot card bay modules, fans and power

Now supplied with an OEM chassis package, supply, this new OEM chassis package eases the way

Miproc-16 is even more quickly brought into action. into high speed microcomputing.

Instruction Power Interrupt Power Software Power
Up to 170 instructions including multiply/ Multilevel, priority vectored interrupt Easy to use cross-assemblers for mainframe
divide and bit manipulation give Miproc-16 system handles context changes in less or minicomputer make programming
formidable processing capability. than 2 microseconds. faster, and PL-MIPROC, a super-efficient

A high level assembly language.
16-bit Power 1/0 Power Hard P
16-bit program words make programming 256 directly addressable 1/0 channels with araware rower
easy. 16-bit data words maintain high data I/Q rates of up to 1.7 megabytes/sec. Comprehensive range of processor,
precision in arithmetic operations. under program control, and up to 20 memory and interface cards backed up by

. megabytes/sec. for DMA. sophisticated hardware development aids.

Addressing Power Hiah Speed P . R lized P
16-bit dual memory architecture gives 65k 'g pee rocess'ng u99 1ze ower
words of directly addressable program Power Miproc can be configured to meet any

memory and 65k words of data memory known military specification.

with 8 powerful address modes. The unique dual memory architecture

combines with high speed Schotiky TTL
technelogy to execute most instructions
in a single machine cycle,

Phil Burnley, David Garrison,
Plessey Microsystems, Plessey Microsystems,
1641 Kaiser Avenue, Suite 408, 11141 Georgia Avenue,

Irvine, California 92714, USA. Wheaton, Maryland 20902, USA.

MICROSYSTEMS Tel: (714) 5409931 Tel: (301) 949 1664
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Memorable future. Reductions in cost and access time are coming to nearly all memories, as predicted by Control Data Corp. Solid-state
devices are constrained by price, while magnetic memories are slow; optical techniques may provide entries in the lower left of the graph.

Instruments’ Silent 700 was the first terminal to use
bubble memories—two of TI's TBMO0103 92-kilobit
devices—for nonvolatile storage of up to 50 pages of
data. The Dallas firm’s terminal incorporates a thermal
printer yet weighs a scant 13 pounds and is no bigger
than a portable typewriter. HP announced its 2635A,
which contains the company’s first medium-speed
printer. The printing terminal uses HP’s silicon-on-
sapphire technology and prints 180 characters per
second bidirectionally. T1 also offered a similar intelli-
gent printer this year, its model 810.

Printer progress

This past year saw noteworthy contributions in all
phases of printers, from the high-end computer-output
types to the very lowest, hobby-type devices. The former
was addressed by nonimpact printers with speeds of
about 20,000 lines per minute. The machines that moved
fastest in this category were electrophotographic units,
which rival typewriters for quality of output and some-
times can also generate graphics or logos. But there was
less activity this year in ink-jet printers, either the
70,000-line-a-minute racehorses or the 90-character-per-
second calligraphers.

The electrophotographic printers that bowed include
Xerox Corp.’s 9700, which generates digitized forms and
logos from a massive data base, Honeywell’s page-
printing system, which, like the IBM 3800, generates
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forms and logos from negative plates, and the 3352 from
Siemens AG. All use a laser-scanning arrangement.

At the low end of the printer class, electrosensitive
printers bowed. The vague term refers to the black paper
coated with a thin aluminum layer that is burned
through by the discharge of current. sc1 Systems Inc. of
Huntsville, Ala., introduced a printer of this sort early
this year that zips along at 2,000 characters per second
yet costs only $300 without interfacing electronics.
Centronics Data Computer Corp. of Hudson, N. H,,
followed with a more conventional—though slower—
version. Both produce satisfactory outputs, though
dislike of the metallized paper has affected acceptance.

In the higher-end line-printing market, newer band
types from Data 100, Dataproducts, Centronics, and
others pushed speeds up to 900 lines per minute, with
printing in several fonts. Moreover, the popularity of
optical-character-reading wands and devices has
spawned printers that generate OCR-readable characters,
like the printer from Data 100.

Magnetic storage

At the low end of magnetic tapes, microcartridges
received wider exposure as they appeared in HpP’s desktop
computers and in TI equipment. Quantex Corp. intro-
duced a palm-sized drive to accommodate this kind of
cartridge, which can store several hundred megabytes of
data. The not-altogether-forgotten cassette found a
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home this year—as a substitute for paper tape in
machine-tool control programs. Electronic Processors
Inc., Englewood, Colo., has developed an encoding tech-
nique that allows even an audio-quality cassette drive to
be used for exacting numerically controlled machine-tool
programming.

New disks

Among disk technologies, the flexible or floppy disk,
which is now well established, saw the development of
double-sided, double-density recording in the model 850
drives from Shugart Associates Inc., Sunnyvale, Calif.
With an unformatted capacity of 1.6 megabytes, the
floppy rivals the low end of hard disks. Double-sided
recording was blessed by 1BM when it introduced its two-
headed version of the floppy, but 1BM has yet to support
double-density recording, or M2FM.

Fast-access-time floppies came from Pertec Computer
Corp., Wangco Inc., and others. Also worth noting is the
5Ya-inch flexible-disk or minifloppy drive introduced by
Shugart Associates late last year. Originally intended for
text-editing applications, it has found a substantial
market in personal computing.

In small hard-disk drives, the demands of minicom-
puter users spurred the doubling and tripling of storage
capacities. Diablo Systems Inc., Electronic Memories
and Magnetics Inc., and HP all introduced drives that
combine fixed and removable media for an overall

storage of up to 75 megabytes. In all these devices, one
disk could be removed; contained in a cartridge, it
usually holds between 10 and 15 megabytes. Going
against the tide, Japan’s Fujitsu Ltd. introduced a 50-
Mbyte drive with a totally removable two-disk cartridge.
It is safe to say that the limits are being pressed in
magnetic media, beyond which increased density
becomes prohibitively expensive. The estimated ceiling
of 1,000 tracks per inch is only a generation of devices
away, and bit density limits of even 15,000 bits per inch
are also not far off, being little more than double present
high densities. By 1980, disk storage density will
increase at most by a factor of 10, with most of the
development going on in moving-head types of drives.

An optical future

Hence the appeal of optical storage technologies.
Systems have been assembled that can provide archival
storage of hundreds of billions of bits on small polyester
sheets. In present techniques, which are by no means
perfected, lasers burn microscopic holes in the film, and
storage is therefore unalterable.

Clearly, optical techniques are the most likely to meet
future storage needs, especially in the form of writeable
optical disks. Factors such as noncontact reading and
writing, high-speed (and multiple-track) scanning with
inertialess beams, and tremendous bit densities presage
the victory of optical over magnetic technologies.

PROFILE

“Keeper of the PDP architecture’’—that is how Craig
Mudge describes his first assignment at Digital Equipment
Corp., Maynard, Mass., which he joined in 1973. The job
was one for which his broad applications experience in
Australia's computer industry had been an excellent
preparation.

Almost immediately he became involved in the design of
the PDP-11/70, but only peripherally. By far his greatest
contribution was selling DEC on the idea of architectural
consistency. “I had to convince them of the importance of
compatibility throughout the PDP line and on down to the
LSI-11," he recalls.

This laid the groundwork for the 11/60 minicomputer,
which Mudge first proposed and then moved on to design
with co-workers Jim O’Loughlin and Chuck Kaman.

The midrange 11/60 fills an important gap in the PDP
family as the constant-price successor to the 11/40.
Explains Mudge: ‘‘Every machine spawns two successors:
one offers the same functionality at a lower price, while the
other, like the 11/60, uses technology to give more
performance at the same price.” This is an important
notion in minicomputer evolution, and it leads to two
different types of design style.

An extremely zealous designer who recently served as a
visiting faculty member at Carnegie-Mellon University (*'to
recharge my batteries’’), Mudge is especially enthusiastic
about using memories instead of logic in processors—
what he terms ‘‘memory-intensive” design. ‘“‘Since the
cost reduction in memories is proceeding much faster than

Architect of the 11/60

in logic circuits,” he maintains, ‘‘we’'re seeing memory-
intensive design in all areas, from IBM 370s down."

These cost-effective designs are in evidence throughout
the 11/60. Lookup tables in the fast floating-point proces-
sor, read-only-memory instruction decoding, and the
widespread use of caches all point to memory-oriented
design. Microcode —internal instructions stored in read-
only memory—is becoming more attractive in cost-
conscious design, Mudge adds.

In the 11/60, microcode emulates a second floating-
point processor that triples throughput—a slower, integer
floating-point processor that is used in compiling the
11/60’s 46 instructions. Microcode is also used in the
11/60’s writeable control store—DEC’'s first user-
microprogrammable option. Altogether, the machine has
three times as much microcode as the 11/40.

“The really interesting part of design is in making the
hardware and software tradeoffs,” says Mudge. *“Today
there are actually three elements—hardware, software,
and also micro-
code—and each
of them changes
with each new
and very different
generation  of
technology. Keep-
ing track of them
is really the big
challenge.”




the solid state of the art
in 1/0 systems
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SMALL 5126 - 3.5 x4 v 2.2"

Here’s the latest in /O modules for in@
smaller, more practical, more reliable, and
than ever before.

Smaller. The status board and 16 |/O modules measure
a total of 3.5” wide, 2.2” high, and 14" long.

More practical. Simplified installation and main-
tenance—screw terminals, LED status lights, pull-up re-
sistors, and replaceable fuses are all containead in the
status board. Units can be unplugged or replaced without
removing the wires.

More reliable. The finest in photo-isolated (1500 RMS)
solid state relays, built with the high-quality components
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PULL-UP RESSTORS

Opto 22 uses in its femous top-quality line of power solid
state relays. The modules are fully encapsulated in ther-
mal conducting epoxy. Careful dasign and 100% testing
at every step.

Less expensive. Because we concentrate solely on
SSRs, you get Opto 22 quality and reliability at very com-
petitive prices. Now you can specify the best and save
money—with Opto 22 I/O solid state relays.

5842 Research Dr., Huntingtort Beach, Catifarnia 92649 (714) 892.3313
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On the chip. The first monolithic data-acquisition system is Nation-
al's 16-channel 8-bit chip, built with C-MOS technology. Compatible
with most microcomputers, this a-d system succeeds in reducing
analog-eonversion cost fivefold.

conversion modules, although the latter are still the best
way to go when high resolution, high accuracy, and fast
throughput rates are needed. In fact, most of the analog
170 boards now emerging for use with microcomputer
boards are being built with modules. But this situation
should change as the board functions they provide are
taken over by hybrids. The new hybrids are likely to
include instrumentation amplifiers whose gain may be
programmed with software, and even dc-dc converters
for translating a 5-v logic supply up to the 15 v needed
for many analog components.

Hybrid data-distribution systems are another pessibil-
ity, as are the voltage-to-current converters needed for
industrial applications in which current loops must be
driven. The latter will probably offer full input-to-output
isolation for protection from transients and noise.

Bi-FET op amps: priced to compete

In operational amplifiers, the bi-FET bandwagon is
building up quite a head of steam. These devices, which
combine junction field-effect transistors and bipolar
transistors on the same chip, now seem to be emerging as
the most cost-effective performers in the mixed-process
area—with good reason. They can be made inexpen-
sively, requiring only an extra processing step of ion
implantation, and they offer good low-noise perform-
ance, broad bandwidth, and fast output slew rates.

Most important, though, this year the price of bi-FET
op amps slid down to a level that permits them to
compete with bipolar devices, like the ubiquitous 741,
which have traditionally dominated the op-amp market.
As a result of their toe-to-toe price scuffling, Texas
Instruments Inc. and National Semiconductor Corp.
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The bi-FET move. Mixed bipolar-field-effect-transistor processing is
catching on with analog designers for high-quality front-end charac-
teristics at reasonable costs. By 1980, bi-FET input stages will be
used in 50% of all op amps built.

now have the cost of single general-purpose bi-FET op
amps below 40 cents, with TI's least expensive device
going for 33 cents and National’s going for 39 cents.
These prices compare very favorably with the 25-cent
price tag of the industry-standard bipolar 741, consid-
ering the notable performance advantages of bi-FETs.
What is more, as usage increases, prices for bi-FET op
amps will probably drop even further, although not for
the next few months at least.

These devices, however, do have two significant draw-
backs—a fairly high initial input offset voltage and an
input bias current that doubles every 10°C. But Precision
Monolithics, using a current cancellation scheme and its
zener-zap trimming, has come up with a line of precision
bi-FET op amps that hold input offset voltage to only 0.5
millivolt and limit bias-current doubling to approxi-
mately every 18°C.

In the coming year, the market will also see more
mixed-process linears, both bi-FET and bi-M0s. The
former parts will most likely be data converters and
sample-and-hold amplifiers; the latter—a combination
of MOSFETs and bipolar transistors on the same chip—
will most probably be analog multiplexers.

Pace quickens for power V-MOS

In the power area, V-groove MOS technology is now
definitely shaking up the status quo. Since last year, a
small semiconductor company, Siliconix Inc., has been
touting the performance advantages of the power
MOSFETs made with its power v-Mos process. Now, Sili-
conix is no longer alone in believing in the future of
power MOSFETS: at least two major semiconductor houses
plan to have such devices on the market within the next
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Like the classic “Flukemeter” differential voltmeter of the fifties (inset), the new 8020A DMM offers a superb combination of performance and

value for the seventies. Only $169*

You know Fluke for innovation in
precision test and measurement in-
strumentation. For almost 30 years
we've anticipated the measurement
problems that come with fast-chang-
ing technology.

And we've done it again. Introduc-
ing the new 8020A digital multimeter.

The 8020A is built to the same high
standards we’ve designed into its pred-
ecessors, The only difference is that
the 8020A is smaller. And, of course,
it costs a lot less.

You’ll find the 8020A is the only
DMM around with such impressive
features for only $169* now and for

Flemeter Il.

some time to come. Features that mean
value and versatility, like 26 ranges
and seven functions, including conduct-
ance (which measures leakage to
101°Q?). And three-way overload pro-
tection. Hi-lo power ohms. And more.

In tact, the 8020A is 13 ozs. of pock-
etable benchtop instrument perform-
ance, in the Fluke tradition. Perform-
ance you can count on for up to 200
hours of use with its inexpensive 9V
battery, single custom CMOS LSI chip
and low-power, razor-sharp 3%-digit
LCD display.

Great performance, low cost: That's
Fluke tradition. Where else can you

get a field reliable tool built to preci-
sion lab standards? Or, factory cali-
bratien that’s NBS traceable, with
0.25% dc accuracy? And, of course, the
Fluke 8020A has a full year warranty
including all specifications, with world-
wide service backup.

The quickest way to get one is to
call (800) 426-0361, toll free. Give us
your chargecard number and we’ll ship
one immediately. Or, a “Ten-Pack”
for only $1521* And we'll tell you the
location of the closest Fluke office or
distributer for a hands-on demonstra-
tion.

*U.S. price only.

Command Performance: Demand Fluke.

1809-7016
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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. Its 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 MACST™ 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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d Nnew
meaning
to cost
efiectiveness.
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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 1/0 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,
corrosjon-free mass termination.

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

B f—

nsley

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—distr’ntbrs L -
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It's 12 bits good. This
bit d-a converter from
Precision Monolithics
can do the job of
hybrids costing much
more. Although 8- and
10-bit converter chips
have been available for
some time, accurate
one-chip converters ca-
pable of 12-bit resolu-
tion are just now be-
coming available.

few months. One of them, Fairchild Semiconductor, is
busy designing several and also intends to second-source
the low-frequency power MOSFETs made by Siliconix, as
a small company named Supertex is already doing.

Also, Siliconix is stepping up its efforts to build high-
frequency power MOsFETs for radio-frequency chores,
where it appears that v-Mos really shines over bipolar
technology. Appreciating this superiority, too, is Motor-
ola Semiconductor Products, which has already made a
1-watt MOSFET for very-high-frequency applications and
is planning to build higher-power devices that blanket all
the rf bands. Other major bipolar power houses are now
considering the viability of power FETs; their evaluations
should be finished in the next three to six months.

Optical progress

Meanwhile, progress in other component areas also
deserves noting. For instance, the performance of optical
couplers has improved considerably. Also, these devices
are now much easier to connect directly to logic
circuitry. Some versions are fully temperature-
compensated for transistor-transistor-logic applications,
while others include up-front internal voltage regulators
for easy line termination.

As for visible-light-emitting diodes, many now have
internal current-limiting resistors; some even have
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multiple junctions for use as multicolor indicators.
Lenses for LEDs are improving as well, and better junc-
tion designs are resulting in brighter devices that some-
times even have a rectangular emitting area. Visible
LEDs are also playing a bigger role in switching compo-
nents. More dual in-line switches are including LED
indicators for instant display of, say, a logic state; relays,
too, are sporting them to show on/off conditions. And
they are particularly evident in the newly emerging
generation of solid-state interface modules intended for
microprocessor-based control systems. (Built around a
solid-state relay, these modules come in input and output
versions for converting an ac or dc voltage to a logic-
compatible signal and vice versa.) '

Plastics are becoming more common in switches,
potentiometers, and trimmers. To reduce costs, manu-
facturers are turning to these materials for fabricating
shafts, bushings, and housings. In many cases, the plastic
design eliminates sealing problems, since the shaft and
housing may be molded to complement each other for a
simple and extremely effective trouble-free seal.

In many component areas, even electromechanical
relays, dual in-line or at least integrated-circuit-compat-
ible configurations are becoming the rule. Makers of
these relays are turning to fabrication techniques that
lend themselves to volume production and easy automa-
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tion. Simplified all-welded designs are driving costs
down, while offering increased operating reliability and
longer life than their predecessors.

For low-cost, high-volume production, many solid-
state relays are being manufactured with thick-film
techniques, using either packaged discrete components
or unpackaged chips mounted on a substrate containing
thick-film conductors and resistors.

Thick film and relays

For example, employing packaged discrete devices on
a thick-film substrate, Hamlin Inc. has managed to
squeeze a complete optically coupled solid-state relay
into a single in-line package of less than 1 cubic inch.
The relay is one of the recent inexpensive bare-bones
units, so it lacks an output snubber network for protec-
tion against false firing caused by transients, although it
does include zero-crossover input circuitry.

Thick film is even penetrating the fabrication of some
electromechanical relays. Utilizing a thick-film timing
module, Struthers-Dunn Inc. has cleverly converted
standard electromechanical relays into time-delay units
that occupy no more space than the regular relay alone.
This simple design innovation also means lower costs,
knocking down the price of time-delay relays by as much
as half that of competitive units.

Resistors and capacitors have by no means been
standing still, although the advances in this area are of a

much subtler nature. Improved inks for making thick-
film resistor networks are giving rise to resistors that
have a temperature stability of better than 50 parts per
million and that can withstand laser trimming with no
appreciable change in their characteristics. Furthermore,
the coming generation of thick-film inks will require
lower firing temperatures at shorter firing cycles,
reducing manufacturing costs.

On the capacitor scene, the search continues for ways
to upgrade the performance of aluminum electrolytics so
that they may compete more directly with tantalum
parts, which continue to get more expensive as the cost
of tantalum goes up. In mid-1979 the ban goes into
effect on polychlorinated biphenyls (pcBs), the impreg-
nant used for oil-filled capacitors for over three decades,
and this prospect has manufacturers searching for a
suitable substitute. All known non-pcB materials are
combustible and increase capacitor size.

Finally, quartz crystals, an often neglected compo-
nent, are very much in the limelight these days because
of the high-volume usage brought about by digital
watches and microprocessors. To meet these new
demands, crystals are undergoing significant changes,
shrinking in size and yet providing increased ruggedness.
In addition, improved automatic manufacturing tech-
niques are lowering costs and yielding devices whose
working frequency may be modified easily—for
instance, through laser trimming.

PROFILE

George Erdi is one of today's rarities—a top-notch
analog designer. Now a design engineering manager at
Precision Monolithics Inc., Erdi is the man responsible for
some of the most significant breakthroughs in linear inte-
grated circuits, with a number of firsts to his credit.

At the Santa Clara, Calif., firm, he has designed the first
precision bipolar operational amplifier to be compensated
internally, the first precision bipolar field-effect-transistor
op amps, and the first precision sample-and-hold amplifier
to be made in monolithic form. Additionally, he was
responsible for designing the company’s voltage
references and precision comparators, as well as for
perfecting zener-zap trimming as a cost-effective tech-
nique for getting high performance out of a linear IC.

In fact, the comparators were the first linear ICs to
contain compatible Schottky diodes, which Erdi used to
speed up operation without degrading performance.
Moreover, his design for the bi-FET op amps yielded
notable improvements over existing devices—input offset
voltage lowered to 0.5 millivolt, slew rate and bandwidth
doubled, and input bias-current drift approximately
halved.

Erdi joined PMI when it was founded back in 1969.
Before that, right from school, he worked as a design
engineer at Fairchild’s Research and Development Labo-
ratories in Palo Alto, Calif. During his three-year stay there,
his efforts resulted in the 725, the first monolithic op amp
to provide precision performance. At Fairchild, Erdi also
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