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ANNUAL TECHNOLOGY UPDATE ISSUE
Programmable VLSI forces software to the forefront,
altering strategies in production, test, and equipment design/ 1 14
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10. Circuit Testing Update/No. 10 in a series from Hewlett-Packard.

CIRCUIT BOARD TESTING: SHOULD IT BEGIN IN PRODUCTION

OR IN THE LAB?

Some successful companies charge
production with the responsibility for
developing test procedures. Others give
the job to the design lab. And with
many it's a shared responsibility.

However, if these methods were
decided by the standards of yesterday’s
technology, you may increase today'’s
productivity with a different approach.
Consider these points:

Testing options begin in the lab.
With today’s product designs using
microprocessors, memory and other
LSI circuits, the question “How to
test?” will arise long before a design is
released to production. When asked in
the hardware/software definition phase,
electronic manufacturers can opt for
one of three approaches: 1) Not to
design for testability, thus leaving test
development responsibility to produc-
tion. 2} Design for go/no-go self test,
covering a “critical” subset of board
functions, and leaving fault isolation to
skilled technicians in production as well
as the field. 3) Design for thorough self
test, including diagnostics, which
facilitate fault isolation, thus providing a
total test solution for R&D, production
and field service

Can you afford to design

for testability?

Let's take a look at the trade-offs.
Option 1 appears to offer the shortest
design cycle. However, the designer

Designing for Testability

will probably take longer than planned
in design turn-on. And design follow-
up with production often takes more
effort than expected. Longer produc-
tion test development time is also likely
to delay shipments.

Cesigning in a go/no-go self test
(opticn 2) solves some of the pro-
blems associated with option 1. How-
ever. a limited self test may still lead to
failures at system turn-on. And
without fault isolation, expensive
technician time will be needed in pro-
duction and field service.

At first glance, option 3 may seem
to require too much of the designer's
time. However, the payback can be
significant in reduced debugging time
and enhanced test effectiveness. After
all, the designer best understands the
product structure and critical aspects of
its operation. And the designer has the
tools and the opportunity to implement
design features often required for high
fault-coverage testing of complex
LSl circuitry.

A decision that impacts

production most.

Whatever the decision, production will
feel its effect most. A balance must be
found between design time and a viable
board test solution. HP provides that
balance with the 3060A Board Test
System, Equipped with the High Speed
Digital Functional Test Option
(HSDFT), it delivers the flexibility to
solve your uP and LSI board testing
problems whether you design for test-
ability or not.

For example, the 3060A can
activate uP-based.
designed-in stimulus
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firmware and measure the dynamic
board response using Signature
Analysis. If self-stimulus isn't available
you can use the HSDFT programmable
stimulus capability (Figure 1).
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Figure 1 — The 3060A can esident test sti
software or provide that stimulus from its own RAM.

Test stimulus software developed for
design turn-on can even be leveraged
for production test by downloading
from your design system (such as the
HP 64000) into 3060A stimulus RAM.
Or, alternatively, HP's 3060A Digital
Functional Test software provides easy-
to-use stimulus and measurement
programming procedures.

For fault isolation, the 3060A
HSDFT software provides automatic
backtracking via in-circuit visibility on
the basis of a topological description of
the board. And, these procedures can
be used as the basis for effective field
service repair using HP Signature
Analysis instrumentation (HP's 5005A).

The bottom line? Rapid software
development, thorough testing, high
throughput and efficient field trouble-
shooting — the complete solution.
That’s worth investigating.

For more information.

Let HP help you optimize your invest-
ment in design, test and service. Write
Hewlett-Packard, 1820 Embarcadero
Road, Palo Alto, CA 94303. Or call
the HP regional office nearest you:
East (201) 265-5000, West (213)
970-7500, Midwest (312) 255-9800,
South (404) 955-1500, Canada

(416) 678-9430.

HP Circuit Testers—
The Right Decision

HEWLETT
(éﬁ] PACKARD
VISIT US AT IEEE CHERRY HILLS

BOOTH #3-8, AND AT NEPCON
N.W.BOOTH 4#222-223



SURPRISE!

Sample HP's New Crop
ol Bright Ideas.

Fm————— e ——————
| O I'd like to sample your new crop of bright
| ideas.

HP now gives you the green light for any
application. Our new high performance
green indicators are two to three times
brighter than existing green lamps, with
excellent uniformity, consistent unit-to-
unit color, and extremely low light
output degradation.

HP green lamps are available in four
distinct packages. T-134’s come in both
diffused and non-diffused, high and low
profile packages. T-1 and rectangular
lamps have wide angle diffused packages.

-
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To see for yourself just how bright a
green light can be, send the coupon in for a
free sample.

For pricing and delivery information,
call your nearby authorized
Hewlett-Packard components distributor.

In the U.S., call Hall-Mark, Hamilton/
Avnet, Pioneer Standard, Schweber,
and the Wyle Distribution Group.

In Canada, contact Hamilton/Avnet
or Zentronics, Ltd.

HEWLETT
PACKARD

Please send me a free HP green indicator.

: Name

| Company

! Address

City

State Zip

In the U.S., mail coupon to:
Hewlett-Packard Company
640 Page Mill Road

Palo Alto, CA 94304

In Europe:

Hewlett-Packard, Nederland BV
Central Mailing Department
P.O. Box 529

1180 AM Amstelveen

The Netherlands
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HP introduces a new series of pulse/function generators.

8116A PROGRAMMABLE
PULSE/FUNCTION GENERATOR

Great performance
and convenience at half
the price you'd expect.

Fully HP-IB programmable, the outstanding new
8116A generates pulse and haversine/havertriangle as
well as sine, square, and triangle functions over
the entire 1 mHz-50 MHz frequency and 32 Vpp
amplitude ranges.

The new 8116A offers true pulse capabilities such as
6 ns transition times and 10 ns minimum pulse width,
plus variable duty cycle for the other functions. Any
waveform can be generated in a choice of external
trigger and modulation modes. And, you can always
combine AM, FM, PWM or VCO with external trigger,
gate, width, sweep or burst controls. Internal/external
burst mode and logarithmic sweep are optional.

Simple operation, high reliability.

Easy to program, the friendly HP 8116A features a self-
prompting menu and built-in error recognition for highly
simplified operation.

Custom HP IC’s and a low operating temperature
contribute to high reliability. And, the 8116A is easy to
service thanks to self-test, signature analysis and acces-
sible modular design.

For bench or system, the new HP 8116A is a prime
choice at just $3,440.* But if manual operation meets
your needs, we have another outstanding new
instrument. . .

2 Circle 2 on reader service card

8111A MANUAL
PULSE/FUNCTION GENERATOR

Digital display and
plenty of capabilities
at your fingertips.

HP’s new 8111A offers the same waveforms as the
8116A, over a full 20 MHz frequency and 32 Vpp
amplitude range at about half the price — fust $1,775.*
Variable duty cycle (10%-90%]) and pulse width down
to 25 ns are combined with fast 10 ns transition times
for excellent pulse and squarewave fidelity.

Digital readout for all parameters.

For operating ease in bench, service and educational
applications, the 8111A’s digital readout allows simple
parameter setting and resetting — in most cases, there’s
no need for additional instrumentation to set and repeat
parameters. And, digital readout also allows specified
accuracy, repeatability and resolution.

For complete information, write to: Hewlett-Packard,
1820 Embarcadero Road, Palo Alto, CA 94303.

Or call the HP regional office nearest you:

East (201) 265-5000, West (213) 970-7500,

Midwest (312) 255-9800, South (404) 955-1500,
Canada (416) 678-9430.

*Domestic U.S.A. prices only.

U4} Backans
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For their efforts to create a common design
culture for the very large-scale integrated era,
Electronics honors Carver Mead of the Califor-
nia Institute of Technology and Lynn Conway
of Xerox Corp. Authors of a seminal textbook
on structured VLSI design methodology, they
have articulated the concept of viewing inte-
grated-circuit design as an extension of inte-
grated system architecture.
The cover is by Art Director Fred Sklenar.

Technology Update, 114

With very large-scale integrated circuits in production, the other electronics
industries are keeping pace. As VLSI applications begin to appear, attention
turns to software for these programmable 1Cs.

Semiconductors, 116. Complementary-MOS takes the spotlight, but other
digital technologies are advancing as well, including gallium arsenide and
Josephson junctions. Linear developments emphasize merged technologies.
Memories, 130. Redundancy is a watchword, but is a point of contention in
the struggling 64-K random-access-memory world. Nonvolatile memories are
active, except for the departure of many bubble makers.

Components, 144. In data acquisition, the name of the game is added
intelligence for greater capabilities.

Packaging & Production, 154. Pin-grid arrays are joining chip-carriers as
VLSI packaging candidates, while new generations of processing gear appear.
Test & Measurement, 164. Functional integration and automation are the
key to more capable instruments for the more complex VLSI circuitry.
Microsystems, 178. With the 32-bit processor off and running, the silicon
system (including support chips) is out of the gate.

Software, 192. Modularity in high-level languages and automatic applica-
tion-program generators point to major hikes in programming productivity.
Computers & Peripherals, 204. A burgeoning market—office automation—
is spurring improved capabilities in terminals and smaller machines, notably
personal computers, as well as in storage technologies.

Communications, 216. As data handling grows in importance, transmission
channels are ramping up to new levels of capability.

Consumer, 230. Behind snazzy new products like walk-around portable
sound systems is a solid base of advancing technology.

The year in electronics: a chronology, 240.

In the nextissue . . .

A minicomputer on a chip . . . resistors with the lowest temperature coeffi-
cient yet . . . two approaches to clectron-beam lithography.
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power

1 Watt and now. . . 2 Watts linear output

from 50KHz to 1200 MHZz from$199

If your application requires up to 2 watts for intermodulation testing of compo-
nents...broadband isolation...flat gain over a wide bandwidth...or much
higher output from your frequency synthesizer or signal/sweep generator..
Mini-Circuits’ ZHL power amplifiers will meet your needs, at surprisingly low
prices. Seven models are available, offering a selection of bandwidth and gain.

Using an ultra-linear Class A design. the ZHL is unconditionally stable'and can
be connected to any load impedance without amplifier damage or oscillation.
The ZHL is housed in a rugged % inch thick aluminum case, with a self-contained
hefty heat sink.

Of course, our one-year guarantee applies to each amplifier.

So from the table below, select the ZHL model for your particular application
...we'll ship within one week!

amplifiers

* Gain Max. Power Noise Intercept .
Model Freq. Gain Flatness Output dBm Figure Point DC Power Price

No. MH2z dB dB 1-dB Compression dB 3rd Order dBm Voltage  Current $ Ea. Qty.
ZHL-32A 0.05-130 25 Min = 1.0 Max +29 Min 10 Typ +38 Typ + 24V 0.6A 199.¢O (1-9)
ZHL-3A 0.4-150 24 Min = 1.0 Max +29.5 Min 11 Tyx +38 Typ. +24V 0.6A 199.00 (1-9)
ZHL-1A 2-500 16 Min +1.0 Max +28 Min 11 Typ +38 Typ. +24V 0.6A 199.00 (1.9)
ZHL-2 10-1000 15 Min =1.0 Max +29 Min 1& Typ + 38 Typ. +24V 0.6A 349.00 (1-9)
ZHL-2-8 10-1000 27 Min =1.0 Max +29 Min 10 Typ +38 Typ +24V 0 65A 449.00 {1-9)
ZHL-2-12 10-1200 24 Min =1.0 Max +29 Min 10 Typ +38 Typ. + 29V 0 75A 524.C0 (1-9)
ZHL-1.2W 5-500 29 Min =1.0 Max +33 Min 12 Typ +44 Typ + 24V 0).9A 495.00 {1-9)

Total safe input power +20 dBm. operating temperature ° C to +60° C. storage tempe-ature
55° C to +100° C. 50 ohm impedance. input and output VSWR 2.1 max

+28.5 dBm from 1000-1200 MHZ

For detailed specs and curves, refer to

1980/81 MicroWaves Product Data Directory. Gole Book. or EEM

sk BNC connectors are supplied: however

SMA. TNC and Type N connectors are also availatie 2625 East 14th Street,
Domestic and International Telex 125460

Circle 5 on reader service card

[IMini-Circuits

A Civiion of 3aenufic Components Corporation
World's largest manufacturer of Double Balanced Mixers
rooklyn, New York 11235 (212)769-0200
International Telex 620156
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Never before...
200 watts
of RF power with
incredible
versatility.
3200 L spans
250 kHz to 150 MHz.

Now there’s a completely solid
state power amplifier that provides
200 watts of linear power over a
frequency range from 250 kHz to
120 MHz. And at 175 watts, the
range extends to 150 MHz.

Imagine the wide range of appli-
cations you can cover with this
single Class A linear unit. All you
need is any standard signal or
sweep generator and you have
the ultimate in linear power for
RFI/EMI testing, NMR, RF
Transmission, and general
laboratory applications.

And, like all ENI power amplifiers,
the 3200 L features unconditional
stability, instantaneous failsafe
provisions, and absolute protec-
tion from overloads and transients.

The 3200 L represents a break-
through in RF power versatility
and packaging. Never before has
there been anything like it com-
mercially available anywherel

Contact us for a demonstration
of the 3200 L and our complete
catalog on the other amplifiers in
our wide line. ENI, 3000 Winton
Road South, Rochester, NY 14623.
Call 716/473-6900, or Telex
97-8283 ENI ROC.

6 Circle 6 on reader service card

Publisher’s letter

he Annual Technology Update

issue has become a ritual at Elec-
tronics, although the breakneck pace
required to produce some 60-odd
pages of solid technical editorial
(Tech Update is the only issue each
year that is entirely staff-written)
makes the occasion anything but
solemn. In fact, Technology Update
is a time for reflection upon what
developments took place, what they
mean, and what their ramifications
will be in the near and far future.

That forward-looking aspect has
evolved from the original intention
of our first Technology Update seven
years ago of assessing a past year’s
development. It was the astuteness;
of the technical editors, mainly, that'
turned what would otherwise be a
rehash into a true evaluation of the
direction of technology. History as-
sures us that technology doesn’t|
occur in a vacuum: the decline ofj
charge-coupled-device memories, the|
uncertain future of bubble memo-]
ries, and other such phenomenaj
should make it clear that technologyn
is but one element in a complex pic-
ture involving producibility, cost,!
marketing, and, of course, timing.
that all come together to determine
whether or not development is truly
successful.

That determination is the endeav-
or of each of our technical depart-
ment editors in Technology Update.
Such information becomes ever
harder to find in a set of industries
as dynamic as the electronics busi-
ness. This year, the changing scene is
reflected by an expansion of the
number of sections to 10 (not count-
ing the Chronology on p. 240): soft-
ware has earned its place in the
ranks of technology, and microsys-

tems and software editor Colin John-
son provides his assessment begin-
ning on page 192.

If there is still any doubt about the

importance of the Mead-Conway
approach to the design of very large-
scale integrated circuits, just try to
get an appointment with Carver
Mead. With Lynn Conway, he is the
winner of Electronics’ 1981 Award
for Achievement for their work in
integrating the concepts of device
fabrication with those of system
architecture.

Mead, in the words of Los
Angeles bureau chief Larry Waller,
“is the most tightly scheduled person
I’ve ever seen. One of the more acad-
emia-industry-integrated people
around, his life is a checkerboard of
appointments. This past summer
included consulting stays at Bell
Labs, Boeing, and in Europe, just to
give some idea of his travels. Not
only couldn’t I get more than an
hour with him, but students kept
coming in to talk to him during that
time.”

Lynn Conway is an equally hard
worker. Martin Marshall of our San
Francisco regional bureau in Palo
Alto says that the Xerox system
designer relaxes by riding her bike
and by hiking. And, she keeps cats,
whose number keeps varying as they
come and go.

/s

7 4

d

cas, New York, N. Y. 10020.

Wanted: a consumer/industrial editor

Electronics has open a challenging editorial position for an electronics
engineer with a bent for journalism. Right now, we're looking for someone
who can write and edit articles on the latest trends in the areas of consumer
and industrial electronics, which include video, audio, speech synthesis, and
personal computing in the former and robotics and energy management in
the latter. A bachelor's degree and experience in design are desirable. We
offer excellent salary and benefits. Write a letter telling us about yourself to
the Managing Editor (Technical) at Electronics, 1221 Avenue of the Ameri-

Electronics /October 20, 1981



Catchthe Busfor

Designers and ATE people requested it—a
NEW distortion analyzer with IEEE-488 bus
compatibility. Now Krohn-Hite responds with
the first totally automatic instrument for mea-
suring low distortion, voltage, and frequency.

Here’s What “Completely Automatic”
Means. The 6880 self-tunes to the frequency
of an external signal over the entire range of
1 Hz to 110 kHz, so manual frequency tuning
is unnecessary. Distortion, AC voltage, and
frequency measurements can be made with
input levels from 0.1- 130 V RMS. And by
eliminating operator functions, the 6880 cuts
time and costs.

The 6880 Is Versatile. It measures total
harmonic distortion in percent or dB down to

90 dB (0.003%), with 0.1 dB resolution for

/L ROHN-HITE

any input level. As an AC voltmeter, the 6880
measures RMS volts or deviation in percent or
dB. As a frequency counter, it displays the
fundamental input frequency from 1.000 Hz

to 999 kHz. Built-in features include switch-
selectable high and low pass filters, distortion
output, analog output, and ultra-low distortion
1 kHz (0.003%) sinewave output.

Catch the |IEEE-488 bus compatible,
completely automatic 6880 distortion analyzer
today at Krohn-Hite. Make Krohn-Hite your
stop for a family of bus compatible instru-
ments. Call for further information and look up
our complete product listings in EEM and
Gold Book.

=
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CORPORATION
Avon Industrial Park, Avon, MA 02322

(617) 580-1660 TWX 710 345 0831

Completely Automatic
Distortion Measurement

DISTORTION
QutePyr

Krohn-Hite...Benchmark of Quality in Programmable Instruments

OVERSEAS SALES OFFICE: ARAB REPUBLIC OF EGYPT, Cairo, E.Pt. Co; ARGENTINA, Buenos Aires, COASIN S/A; AUSTRIA, Wien, UNIVERSAL ELECTRONIK IMPORT, AUSTRALIA, Chatswood, South
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INSTRUMENTS. LTD; FINLAND, Helsinki, INTO/OY; FRANCE, Buc, M.B. ELECTRONIQUE; GERMANY, Munich,

C.N.ROOD s.a.; DENMARK, Naerum, SC METRIC A/S; ENGLAND, Reading Berks, KEITHLEY
KEITHLEY INSTRUMENTS, GMBH; HDLLAND, Rijswijk, C.N. ROOD, b.v.; ISRAEL, Tel-Aviv,

ARITMORE ENGINEERING CO, LTD: ITALY, Milan, Rome, VIANELLO S.P.A.; JAPAN, Tokyo, CHISHO CORP.; NEW ZEALAND, Lower Hutt, WARBURTON FRANKI LTD; NORWAY, Asker, TELEINSTRUMENT AB;
PORTUGAL, Lisbon, MAGNETROM: SINGAPORE, Singapore, O'CONNOR'S (PTE), LTD; SDUTH AFRICA, Bramley, PROTEA PN.I. (PTY), LTD; SPAIN, Barcelona, C.R. MARES, S.A ; SWEDEN, Vallingby,
TELEINSTRUMENT AB; SWITZERLAND, Urdorf Zurich, MEGEX ELECTRONIC AG.
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Mounting
Ideas from
Weckesser

6 Ways
To Mount
Cable Ties

-ALL NYLON-
SCREW FASTENED—

ADHESIVE FASTENED—

High-
temperature
adhesive
availahle

Write for catalog.

COMPANY, Inc.

4444 W, Irving Park Road
Chicago, lllinois 60641 (312) 282-8626
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Readers’ comments

Overhauling the FAA

To the Editor: Those of us who have
read Electronics since all airliners
had propellers couldn’t agree more
with your editorial, “The FAA’s Sins
of Omission” [Aug. 25, p. 24]. For
decades you have documented that
agency’s nonfeasance, indecisiveness,
and agonizing foot-dragging. How-
ever, “rebuilding the bureaucracy”
would be an inadequate corrective
measure; ‘‘restructuring’ is re-
quired —both for immediate results
and to prevent the otherwise inevita-
ble regression into ineffectiveness.
This strategy can be made to work,
but its success requires at least two
important steps.

The first is that the Institute of
Electrical and Electronics Engineers
should establish a “shadow™ FAA
committee to monitor all the Federal
Aviation Administration’s actions.
This would be a highly visible and
very vocal group of experts reporting
through the business and the con-
sumer press. Full representation
should be solicited from airline
pilots, the aviation industry, the air-
lines, the Air Force, and air-traffic
controllers —the last of which will
eventually begin behaving like a pro-
fessional association. Specific sub-
committees would oversee various
existing and proposed air-traffic con-
trol systems, such as the instrument
landing system (ILS), the ground-
controlled approach system (GCA),
and the planned automated en-route
air-traffic control system (AERA).

The second step would be for Con-
gress to require that one or more
seats on each of its committees and
subcommittees be held by a public
member “designated by the appro-
priate professional society.” These
members would not only supply
competent technological input to the
committee, but also report to their
constituency and the public on the
performance of committee members.

The key concept here is represen-
tativeness. The IEEE members would
report on the feasibility, practicality,
and state of development of the
latest technologies. They could also
represent the public. Any IEEE mem-
ber, and any citizen, could thus con-
tribute ideas through representation

in the shadow committee.

Because of the urgency in the spe-
cific case of the FAA and its air-
traffic control responsibilities, an ad-
hoc blue ribbon committee, estab-
lished and funded by the Depart-
ment of Transportation, should be
set up. This would be a short-term
proposition and would be discontin-
ued as soon as restructuring was
accomplished and properly staffed
action groups were in place.

To prevent an inevitable backslid-
ing into bureaucratization, it is
imperative to also have in place for-
mal and durable machinery to assist
the agency and monitor its perform-
ance. Circumstances and expertise
have evolved in such a way as to
thrust almost the entire responsibili-
ty for upgrading air-traffic control
upon the IEEE, which many feel has
a moral and social obligation to
respond with appropriate action.
Such a purposeful and worthwhile
project cannot fail to add vitality to
the institute itself.

In the long run, this immediate re-
structuring of the FAA will serve as a
model for establishing and maintain-
ing high levels of proficiency in all
agencies. Those who remember, say,
the Common Carrier Bureau’s dec-
ade of indecision over the status of
digital communications might sug-
gest agencies other than the FAA
whose bureaucracies are in dire need
of restructuring. The operations of
the Government that so profoundly
affect us all should reflect not only
the best that the bureaucracies can
offer, but the best that this country
can offer.

Henry Stude Jr.
Lutherville, Md.

Corrections

In “Tele-Cause: a match for AT&T?”
(Sept. 22, p. 48), 18BM Corp. was incor-
rectly named as a member of the new
Washington telecommunications lobby.
However, Satellite Business Systems,
in which 1BM is a dominant sharehold-
er, is a Tele-Cause member. Also in the
same issue, the two oscilloscopes from
Philips Test & Measuring Inc. de-
scribed on page 33 have not a 5- but a
50-MHz bandwidth.
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Interested in

higher performance

software?

The Mark Williams Company an-
nounces COHERENT" a state of the art,
third generation operating system.
COHERENT is a totally independent de-
velopment of The Mark Williams Com-
pany. COHERENT contains a number of
software innovations not available else-
where, while maintaining compatibility
with UNIX*. The primary goal of
COHERENT is to provide a friendly en-
vironment for program development. The
intent is to provide the user with a wide
range of software building blocks from
which he can select programs and utilities
to solve his problems in the most straight-
forward manner.

COHERENT and all of its associated
software are written totally in the high-
level programming language C. Using C
as the primary implementation language
yields a high d=gree of reliability, port-
ability, and ease of modification with no
noticeable performance penalty.

COHERENT provides C language
source compatibility with programs writ-
ten to run under Seventh Edition UNIX,
enabling the large base of software
written to run under UNIX (from numer-
ous sources) to be available to the
COHERENT user. The system design is
based on a number of fundamental con-
cepts. Central to this design is the unified
structure of i/o with respect to ordinary
files, external devices, and interprocess
communication (pipes). At the same time,
a great dea! of attention has been paid
to system performance so that the
machine'sresources are used in the most
efficient way. The major features of
COHERENT include:

e multiuser and multi-tasking facilities,

e running processes in foreground and
background,

compatible mechanisms for file, device
and interprocess i/o facilities,

the shelicommand interpreter— modifi-
able for particular applications,
distributed file system with tree-struc-
tured, hierarchical design,

pipes and multiplexed channels for
interprocess communication,
asynchronous software interrupts,
generalized segmentation (shareddata,
writeable instruction spaces),

ability to lock processes in memory for
real-time applications,

fast swapping with swap storage cache,
e minimal interrupt lockout time for real-

*UNIX is a trademark of Bell Labs
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time applications,

reliable power failure recovery
facilities,

fast disc accesses through disc buffer
cache,

loadabie device drivers

process timing, profiling and debug-
ging trace features.

in addition to the standard commands
for manipulating processes, files, and the
like, in its initial release COHERENT will
include the following major software com-
ponents: SHELL, the command inter-
preter; STDIO, a portable, standard i/o
library plusrun-timesupportroutines;
AS, an assembler for the host machine;
CROSS, a number of cross-assemblers
for other machines with compatible
object format with ‘AS’ above; DB, a
symbolic debugger for C, Pascal, Fortran,
and assembler; ED, a context-oriented
text editor with regular expression pat-
terns; SED, a stream editor (used in fil-
ters) fashioned after ‘ED’; GREP, a pattern
matching filter; AWK, a pattern scanning
and processing language; LEX, a lexical
analyzer generator, YACC, an advanced
parser generator language; NROFF, an
Nroff-compatible text formatter; LEARN,
computer-aided instruction about com-
puters; DC, a desk calculator; QUOTA,
a package of accounting programs to
control filespace and processor use; and
MAIL, an electronic personal message
system.

Of course, COHERENT will have an
ever-expanding number of programming
and language tools and basic commands
in future releases.

The realm of language support is one of
the major strengths of COHERENT. The
following language processors will be
supported initially:

e C a portable compiler for the
language C, including
stricter type enforcement
in the manner of LINT.

e FORTRAN portable compiler support-

ing the full ANS Fortran 77

standard

portable implementation of

the complete ISO standard

Pascal

e PASCAL

e XYBASIC™ a state of the art Basiccom-
piler with the interactive
features of an interpreter.

The unified design philosophy underly-

ing the implementation of these lan-
guages has contributed significantly to
the ease of their portability. In particular,
the existence of a generalized code gen-
erator is such that with a minimal effort
(about one man-month) all of the above
language processors can be made to run
on a new machine. The net result is that
the compilersrunning under COHERENT
produce extremely tight code very
closely rivaling that produced by an expe-
rienced assembler programmer. Finally,
the unified coder and conformable calling
sequences permit the intermixture of
these languages in a single program

In part because of the language por-
tability discussed above, and in part be-
cause of a substantial effort in achieving
a greater degree of machine-indepen-
dence in the design and implementation
of the COHERENT operating system,
only a small effort need be invested to
port the whole system to a new machine.
Because of this, an investment in
COHERENT software is not tied to a
single processor. Applications can move
with the entire system to a new processor
with about two man months of effort

The initial version of COHERENT is
available for the Digital Equipment Cor-
poration PDP-11 computers with memory-
mapping, such as the PDP 11/34
Machines which will be supported in the
coming months are the Intel 8086, Zilog
28000, and Motorola 68000. Machines
for which ports are being considered are
the DEC VAX 11/780 and the IBM 370
among others.

Because COHERENT has been devel-
oped independently, the pricing is excep-
tionally attractive. Of course COHERENT
is completely supported by its devel-
oper. To get more information about
COHERENT contact us today.

Mark
Williams
Company

1430 W. Wrightwood Ave.. Chicago. IL 60614
TEL: 312-472-6659 TWX: 910-221-1182
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VOLTAGE REGULATORS

ONE THOUSANDTH THE
STAND-BY CURRENT.
ere’s great news for anyone designing
nicropower or battery-operated systems:
wo new monolithic voltage regulators
vith an lg of 4uA. Maximum. Which is a
nere 1000 times better than typical bipolar
egulators. And a Vin/Vou differential of only
0mV at ImA load. Incredible but true.
This kind of efficiency means your
atteries will last much longer. Or you can
ise a smaller battery pack.

PROGRAMMABLE 1.6V TO 16V RANGE.

“hese new regulators will handle operating
>ads anywhere from |uA to 40mA. And
oltages from 1.6V to 16V. You program

he voltage you want with a simple two
esistor divider. It's easy. And it keeps the
varts count to just the IC and two resistors.

ONLY 4uA.

LOGIC-CONTROLLED SHUTDOWN
SAVES EVEN MORE POWER.

This feature allows you to power-down a
system whenever it’s not active —then bring
it back on line again with a single logic
command. And without switches, relays

or other devices.

YOUR CHOICE:
POSITIVE OR NEGATIVE.
No more kluges. Intersil covers both sides
of the spectrum: ICL7663 for positive,
ICL7664 for negative supplies. Both with
user-programmable current limiting.

THE PRICE: $1.95 IN 100's.
Yes, you read that right. A dollar ninety-five
in hundred quantities (8-pin epoxy mini-

dip). Even though nothing else in the world
can come close to these micropower specs.

GET COMPLETE DATA FROM THE
CMOS INNOVATORS.
In 1979 it was the first all-CMOS operational
amplifiers. Then came the ICL7660, the
industry’s first monolithic voltage converter,
also in low-power CMOS. Now Intersil
does it again, with the world's first CMOS
positive and negative voltage regulators.
So if you're designing battery-

operated systems — or if you just want to
trim your power consumption — give us
a call, or send in the coupon for full data
sheet and applications literature. And to
get your design started super fast, call your
local Intersil sales office for a sample.

INTERNATIONAL OFFICES:

Northern and European headquarters: Intersit
Datel (UK) Ltd., 9th Floor, Snamprogetti
House, Basing View, Basingstoke, Hants,
RG2I 2YS, England. Tel: (0256) 57361. TLX:
85804! INTRSL G. Central European head-
quarters: Intersil GmbH, 8000 Munchen 2,
Bavariaring 8, West Germany. Tel: 89/539271.
TLX: 5215736 INSL D. Southern European
headquarters: Intersil, Inc., Bureaude Liaison,
217, Bureaux de la Colline, Batiment D

(2E Etage) 92213 Saint-Cloud Cedex, France.
Tel: (1)602.5898. TLX: DATELEM 204280 F
Far East headquarters (except Japan):
Intersil, Datel (Hong Kong) Ltd., Rm. 1603,
Perfect Commercial Bldg., 20 Austin
Avenue, Tsim Sha Tsui, Kowloon, Hong
Kong. Tel: 3-7214286-7. TLX: 39979
INTDL HX. Japan representative: Internix,
Inc., Shinjuku Hamada Bldg. (7th Floor),
7-4-7 Nishi Shinjuku, Shinjuku-Ku, Tokyo
160, Japan. Tel: (03) 369-1101. TLX:
INTERNIX J26733.

Intersil Datel (UK) Ltd.

9th Floor, Snamprogetti House,
Basing View, Basingstoke, Hants,
RG2I 2YS, England.

Tel: (0256) 5736l

TLX: 85804| INTRSL G.
Dear Intersil, E102081

I Ike what you're doing in low-power linear!

on your new ICL7663/1CL7664 CMOS Voltage
Regulators.

_____While you'e at it. send along a copy of your
product gude covering all Intersil lines

Name _

Company . ~ _—
Address__ S _ S

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
Please send me data sheet and application note |
|
|
|
|
|
|
|
|
|
|
|
City/State/Zip— _ . :
|
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DATUM ADVANCEMENTS IN TIMING,
TELEMETRY, AND VIDEO PRODUCTS

DIGITAL DATA INSERTION IN VIDEO SIGNALS

o Inserts a time word and/or alphanumeric message in standard video signals for display by a CRT monitor

and/or video recording

o Up to 16 numeric or alphanumeric characters per line can be inserted in the video signal

o Provides a time word in every video frame for video data correlation with other data formats

o Dptionally, millisecond data can be stored at vertical sync time to support stop action piayback

o A variety of rack mount, portable, and custom configurations available with single or muitiple video

insertion channels
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PORTABLE TIMING UNITS

o Subminiature, miniature, and ATR configura-
tions for reliable operation in severe environ-
mental conditions including military require-
ments(MIL-E-5400, MIL-E-16400, and
MIL-E-4158)

o Complete line of time code generators, trans-
lators, remote displays, remote control panels,
and battery packs

« Depending on configuration, many options
available, including multiple time codes, parallel
time input/output, automatic synchronization,
external start, advance/retard, identification
switches, video time/data insertion, and others

PRECISION TIMING EQUIPMENT FOR
EVERY APPLICATION

o Time annotation of magnetic tape and visual
recordings for data correlation

o Time of day information in prescribed formats
for computer entry and processing

o Integrated timing systems to provide time in-
fermation for data acquisition recording, corre-
lation, and playback

RO gy
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CUSTOM CAMERA TIME DISPLAY SYSTEMS

o Decimal LED dispiays for continuousiy anno-
tating film with time information

o Serial input time decoding to drive LED indicators
mounted in camera data chambers

o Serial input displays for mounting in data
chambers of various cameras/cinetheodolites and
controlted by an external pulse for synchronization
with shutter speed

o Very compact, rugged, and reliable units for
airborne, shipboard, remotely located, and port-
able applications

ie
e,

AACOM P
TRANSMITTERS - /)/\,\
ANDRECEERS . <~ 220 |
o Very rugged, ol N

minimum size telemetry

and video transmittersfor

reliable operation in severe

environmentai conditions

o Transmission frequencies are from 135 to 6000
MHz with output power ratings up to 50 watts

o High performance, rugged, and reliable ground
station telemetry and wide band video data receivers

(>
Datum INC v aacomoisions

1363 S. State College Blvd., Anaheim, California 92806
(714) 533-6333

TD105
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News update

B Although designers of custom
integrated circuits and their manu-
facturers have not yet agreed on a
standard for test chips, enough pro-
gress has been made in the past year
to make one a realistic goal.

The desire for a standard, neces-
sary to check performance of short
runs of 1Cs, ballooned last year
among a diverse group of university
laboratories, Government agencies,
and small original-equipment mak-
ers who rely on custom designs
[Electronics, Sept. 11, 1980, p. 44].

Spearheading the development on
behalf of the Pentagon’s Defense
Advanced Research Projects Agency
is the University of Southern Cali-
fornia’s Information Science Insti-
tute, Los Angeles. There, Daniel
Cohen, now responsible for the pro-
gram, reports that promising pro-
gress has been made.

Measurements. The test structures
needed to make parametric measure-
ments have been laid down many
times on wafers in production runs.
The 40 parameters measured include
transistor threshold voltages, invert-
er-gain and threshold-voltage ratios,
diode leakage, and contact resist-
ance. None of these tests are new,
but no individual manufacturer has
undertaken such a range of them.

In working with manufacturers
over the past year, Cohen’s group
has compiled test data from 10 wafer
runs, each holding a total of 800 test
strips. Cohen notes that while the
test strips are a good start, it will
take “two or three years to get
enough experience for an industry

'standard.” Another factor to consid-

er is that the 1Cs themselves are cus-
tom devices, not the standard prod-
ucts that dominate the IC field.

Cohen’s organization is now push-
ing ahead to develop drop-in types of
on-chip test sites that occupy a full
die on a wafer, rather than only a
strip on a die. A big part of present
work is statistical —correlating data
from parametric tests with all-
important yield information.

“If you ask me right now if we
have an industry standard, I'll have
to say no,” Cohen says.”“But in a
few years it could be a different
story.” -Larry Waller

Electronics /October 20, 1981
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Every Cherr

TOUCH PANEL
membrane keyboard

is an ORIGINAL.

Cherry custom designing gives you complete versatility.
The kind of versatility so important to the appearance and
utility of your product. The kind of versatility that makes
TOUCH PANELS available with any key arranigement, any
legend, encoded or non-encoded, with or without lighting,
added electronic components and display systems. In any
size, any shape. With standard alphanumerics or special
legends. Any color you can spec for backgrounds, keys,
legends, your company logo or product trademark. Special
patterns and surface effects, too.

All this versatility. .. and long service life, too. In home,
office or hostile industrial environments. Because each
TOUCH PANEL is custom designed and produced by the
people who know more about keyboards than just about
anybody. The people at Cherny.

"~Ahefmaholobh VA r\\“
CHERBY ¥

CUSTOM
MEMBRANE

=2 GRAPHICS LAYER
= in polyester,
polycarbonate,

=3 vinyl or aluminum.

MOVING 47 & m W W

CONTACT LAYER A B m - w 4

with precious metat / — e

~_conductive traces. = N = = u

SPACER die cut
insulating layer.

STATIONARY
CONTACT LAYER

\ with conductive
A\, traces on flexible
» film or PC board.

TERMINATION in
most industry

BACKING can be
standards.

rigid or flexible in
A variety of materials.

LOW PROFILE means total thickness from just .030"

For a free colortut brochure, call or write today.

KEYBOARDS

CHERRY ELECTRICAL PRODUCTS CORP. * 3608 Sunset Avenue, Waukegan, IL 60085 » 312/689-7700

Worldwide affiliates and phone numbers: Cherry Semiconductor Corp., East Greenwich, Ri, U.S.A., 401-885-3600 « Cherry Mikroschalter GmbH, Auerbach, Germany, 09 643 181 « Cherry Electrical
Products Ltd., Harpenden {Herts} England, {05827) 63100 » Cherco Brasil Industria E. Comercio Ltda., Sao Paulo, Brazit, 55 (011) 246-4343 « Hirose Cherry Precision Co., Ltd., Kawasaki, Japan, 044 933 3511
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TOTAL
FREQUENCY
CONTROL

rrom ERSE

HIGH FREQUENCY
AT CRYSTALS

frequency spectrum from 950 kHz to
200 MHz. Low temperature coefficient,
extremely high Q, economical. Used in
TCXO and VCXO oscillators,
temperature controlled and,
non-controlled oscillators, and filter
applications. All size cans.

LOW FREQUENCY
CRYSTALS

Erie AT Crystals are used over the \
\
\

Low frequency crystals

are available from 1 kHz

to 1IMHz in a broad

variety of crystal holders and mounting
configurations, Erie is a leading source
for all types of high quality, Low
Frequency Crystals.

CRYSTAL
OSCILLATORS

"(&\» Erie offers a broad range
of economical as well as
highly sophisticated
Crystal Oscillators, These

small size oscillators are available in a
wide range of frequencies. Hermetically
sealed crystals assure long term
stability. Design assistance available.

CRYSTAL FILTERS

Erie quartz crystal filters are specified
for use in communications receivers
as well as for

radar, sonar %§\
and space
applications.

Write for brochure describing Erie Crystals,
Filters. Oscillators and Ovens

MURATA ERIE NORTH AMERICA. INC.

ERIE FREQUENCY CONTROL
Carlisle, Pa. 17013
717/249-2232
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Mostek’s Oster foresees
device-tailored packages

As semiconductor chip-carriers
move into the age of very large-scale
integration, designers may soon find
themselves tailoring these compact

Keeping an eye on price. Mostek's Carol Oster sees the use
of off-the-shelf packages as the key to keeping costs down.

carriers remains one of the most
pressing packaging tasks ahead, be-
lieves Oster, Mostek’s member on
the Joint Electron Device Engineer-
ing Council package-outline panel.
Without industry standards, semi-
conductor firms will find critical sec-
ond-sourcing extremely difficult on
chip-carriers. And ce-
ramics manufacturers
are playing a key role,
says Oster, just named
a member of the
American Ceramics
Society’s newly
formed ad hoc com-
mittee examining
common concerns of
the two industries.
Tolerances are one
of the biggest con-
cerns, she says. “It’s

packages with greater frequency to
each new device, suggests Carol
Oster, the manager of hermetic
package development programs at
Mostek Corp., Carrollton, Texas.
“We are looking at putting more
and more things on a single die and
asking that one device do many
things. And if you are going to do a
lot on one die, it’s important that the
package be much more sophisti-
cated,” explains the 37-year-old na-
tive of Troy, N. Y. “The trend has
been to use standard off-the-shelf
packages for as many products as
possible, but we are finding we can-
not always do that because we see
combinations of long narrow chips
with pads on the ends and then big
fat ones with pads all around.”
Despite these pressures, off-the-
shelf carriers continue to be a key in
keeping the production costs down.
“When we were starting up some of
our chip-carrier programs, we calcu-
lated the cost of bringing them into
production as being somewhere be-
tween $500,000 and $1 million,”
says Oster, who joined Mostek in
1978 after working 11 years with
Metalized Ceramics Corp.—now
Rosenthal Technik North America
Inc. —Providence, R. 1. “Obviously,
we are not in the position to do that
15 times for 15 different devices.”
Industrywide standardization of

not just being able to
make packages the right size and
getting closer tolerances, but it’s also
having to do it at competitive
prices,” she explains, noting that
chip-carrier competition from Japan
continues to mount. “What we [the
new committee] have begun doing is
locking at ways to make the Ameri-
can ceramic-packaging industry
more competitive,” says Oster, who
holds a master of science degree
from Clemson University in South
Carolina and received her bachelor’s
degree from Alfred University,
Alfred, N. Y., in—what else—
ceramic engineering.

Kertzman’s Computer
Solutions aims high

According to Mitchell E. Kertzman,
president of Computer Solutions Inc.
in Newton, Mass., high-technology
firms inhabit a schizoid world. On
the one hand, they must quickly take
advantage of brief market opportu-
nities and untapped technologies and
do so in the face of increasingly short
product lifetimes. On the other,
design lead times for their products
and vendor delivery times can be
painfully long, and unless tightly
controlled, the needs of manufactur-
ing and engineering sectors of a
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PDP-11/03 PDP-11/23

FIRSTMICRO"
MICROCOMPUTER SYSTEMS

L

FIRST COMPUTER CORPORATION NOW OFFERS

MICROCOMPUTER DEVELOPMENT SYSTEMS IN power, expandability and operating systems
BOTH 11/03 AND 11/23 CONFIGURATIONS. of the larger members of the PDP-11 family
The Basic PDP-11/03 systems offer the while retaining the proven cost effective
designer a3 low cost compatible alternative to Q-Bus architecture. These systems save you
the larger members of the PDP-11 family. The money, improve programming efficiency,
larger faster PDP-11/23 systems offer the and boost productivity.
1MTO3-L 1MVO03-L 1MT23-L 1MV23-L
PART # SRVXLLB SRVXSSB SRWXLLA SRWXSSA
KD11-HA KD11-HA KDF11 KDF11
CPU 11/03 CPU11/03 CPUM/23 CPU11/23
MSV11-DD MSV11-DD MSV11-DD MSV11-DD
32KW 32KW 32KW 32KW
Memory Memory Memory Memory
RLO1 RX02 MSV11-DD MSV11-DD
Controller controller 32KW 32KW
Memory Memory
RLO1 DLV11-J RLO1 RX02
controller Serial (@) Controlier Controller
DLV11-J OPEN RLO1 DLV11-J
serial (4 controller Serial (4)
BACKPLANE DLV11-)
OPEN OPEN serial @ OPEN
OPEN OPEN OPEN OPEN
OPEN OPEN OPEN OPEN
BDV11-AA BDV11-AA BDV11-AA BDV11-AA
Bootstrap Bootstrap Bootstrap Bootstrap
FM1-1 Serving the world with cost effective computer systems.
® Registered trademark of Digital Equipment Corporation ™ TWX NUMBER 910_651_1916
™ Trademark First Computer Corporation } e
= 1 | 645 BLACKHAWK DRIVE / WESTMONT, ILLINOIS 60559 (312)920-1050
SOUTHERN REGION WESTERN REGION NORTH CENTRAL REGION
Houston, TX (713) 960-1050 California (To be announced) Chicago, IL (312) 920-1050
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THE EMULYZER™

PROM EMULATOR/LOGIC STATE ANALYZER
IN ONE COMPACT UNIT

Ideal for bit-slice designs and any high-speed microprogrammed
processor/controller based on: 2901, 2903, 29116, 2910, 8X300, 8X02, 745181,
3002, 8086, Z8000.

B 35ns PROM emulation ® Up to 16K by 128 Emulator Memory ® Emulates all
types of PROM’'s ® 20 MHz Logic State Analyzer ® 4K by 80 Bits Trace ® Exten-
sive Triggering Capabilities @ Multipte Break Points ® Single-Step ® Three
RS232 Ports ® Printer Port ® Tape Cassette ® Software 8 Compact
® Rugged ® Portable ® Ideal for Field Service

For full story on this proven, time-saving diagnostic tool, contact:
Park Irvine Business Center

H I LEV E 14661 Myford Road/Tustin, CA 92680

TECHNOLOGY, INC. (714) 731.9477
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Grouwing Bigger...Faster:

Feople

company can send inventories sky
high in a short time.

Kertzman’s firm has been dealing
with the management problems of
high-technology firms for nearly
nine years, selling custom software
at first, then remote-access to mini-
computer-based management infor-
mation systems (MiS). Now, with its
FM/3000 hardware-software pack-
age, his firm is entering the MIS mer-
chant market for the first time [Elec-
tronics, Oct. 6, p. 156].

Kertzman says Computer Solu-
tions was the first firm to offer mini-
computer-based, remote-access MIS,
and since its founding, it has always
targeted the high-technology sector.
Clients using its custom software
now include GTE Data General
Corp., and Foxboro, and Kertzman
and his staff have used their experi-
ence with these firms to help develop
the FM/3000.

Manufacturing management and
inventory control can be particularly
problematic for high-technology
firms, Kertzman insists. “Electronics
firms, say, are materials intensive,
but their inventory problems often
go unnoticed. Also, few industries
depend as much on incoming inspec-
tion as electronics, and few software
packages allow for that. Vendor
delivery times, and the tendency of
vendors to allocate scarce parts, is
another characteristic.

Starting small. “High-tech firms
also tend to start small, sometimes as
job shops, and then grow rapidly,”
notes Kertzman. “Managers in such
situations need all the help they can
get, but it had better be affordable.”
The Computer Solutions package is
inexpensive at $35,000 and includes
not just management software but
the 3000-40 minicomputer and pe-
ripherals, as well.

The FM/3000 addresses these
problems, and one other. “Engineers
often make poor managers,” notes
Kertzman. “We would like to think
that if an engineer-manager will just
keep the data base up to date and
scan the monitoring functions of the
system once a day, we hope many of
his decisions will become obvious.”
Some engineer-managers probably
hope so, as well. 0
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Why the dinosaur became extinct,or...
How to have all the benefits
of a carbon comp “resistaur”
without building a 49.5%
error budget into your circuit design.

Time marches on and so does
technology . . . Today’s low cost SFR
metal film resistors have all the
reliability of a carbon comp plus
accuracy and stability. Our new
expanded range includes s w and V2 w
styles, and all at a lower price! Look at
the comparison. (See Chart)

Save more money too! Because of the
low error budget inherent in a circuit
using Mepco/Electra’s metal film

resistors, you don’t need circuit trimming
devices in many areas that would be
required if you stay with carbon comps.
So you lower your parts count and save
valuable printed circuit board space.
Convenient to use! Because they're
available in bulk or lead taped & reeled
for automatic insertion equipment.
They're stocked by more than 140
distributor locations across the country.
AND YOU WON'T HAVE A SINGLE

Let Mepco/Electra show you how to
improve your products, save money and
save time. For more information, call our
Mineral Wells, TX facility now at (817)
325-7871 or fill in the coupon below.
For immediate delivery, call your local
authorized Mepco/Electra distributor.

SOURCE OF SUPPLY TO WORRY
ABOUT EITHER.
‘ 'L Vew Metal Film Vaw Carbon Comp
{ | Resistance Range 10-10M() 2.70-22M0)
£ Tolerance +2%, 5% +5%, +10%
Temperature Coefficient PPM/°C +200 +5000
Maximum Voltage (RMS) 250V 250V
Operating Temperature Range -55°C to + 155°C -55°C to + 150°C
1000 hour load life AR +1.0% -6%, +4%
Moisture Resistance Mil Std 202 AR +1.0% -0, +12%
Short Time Overload AR +0.25% +2.0%
Temperature Cycling —55°C 1o + 155°C AR +0.1% +2%
adly Low Temperature Operation —65°C AR +0.25% +2%
e Terminal Strength 5 Ib load AR +0.25% 1%
Resistance to Soldering Heat +350° AR +0.25% +2%
Shock-Specified Pulse AR +0.25% +2%
Vibration - High Frequency AR +0.25% 1%
T.C. at limits AR +0.25% -2.8%, +11.5%
DINOSAUR 1 e
had the good CARBON COMP Devation fom Nominal - +8.9% 30.8%, +49.5%
sense to die out. “RESISTAUR”, low ’
accuracy, affected Prices Metal Film Carbon Comp
by moisture, re- 1000 Piece Price Vaw $.031 ea. $.0465 ea.
quires circuit trim- 1000 Piece Price Vaw** $.065 ea. $.1225 ea.
ming. Did not have 1000 Piece Price Vaw** $.035 ea. $.049 ca.
good sense to die out.

Electronics/ October 20, 1981

y = ; "7 MEPCO/ELECTRA,INC.

*-55°C 10 +85°C
*"Performance daa simitar: send coupon for complete compasison.

Mepcol|Electra: your resistor|/capacitor
company with tomorrow's technology today.

Columbia Road, Morristown, New Jersey 07960

YES! I’'m interested in seeing dinosaurs become
extinct. Send me a complete comparison of
metal film to carbon comp “resistaurs”’.
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How to break the 8-

It's not as hard as you think.
Forget complex designs. And
two-year waits.

All you do is get your hands
on the Intel 8088.

And then leave the other 8-bit
systems standing in your tracks.
Without breaking the bank.

Because the 8088 gives you
two to five times the perform:-
ance of other 8-bit processors.
For a whole lot less.

In fact, at $14.10 for 100 pieces,
75% less than last year. (Because
high volume shipments are
already pushing the 8088 down
a super fast price curve.)

And about 20% less than you'd
pay fora Z80 or MC6809 system.

For some simple reasons.

The 8088 runs at full speed

with slower speed memories

than you need for other 8-bit
MICrOProcessors.

And about 1/3 less memory at
that. Thanks to its powerful instruc-
tion set that helps you reduce
the size of assembly language
programs.

Which together with the 8088'’s
library of high level software
(Pascal, CP/M, Basic and Fortran)
should help you cut the other part
of system costs. The part that's
larger than hardware.

But even though you're paying
less, you'll be getting more.

Like 1-megabyte addressing.

Extra power for 16-bit number
crunching.

And faster string processing

Fact is, our recent benchmarks
show the 8088 runs circles
around a Z80A, Z80B or MC6809

g A e s @ e

- {

A = |

without

when it comes to terminal and
small business applications.

But don't think you have to stop
there. With any of our iIAPX 88
multiprocesscr coniigurations, you
can give performance an added
boost—ana siill keep the cost
and simplicity of ar 8-bit system.

For 100 times the through-
put on number crunching, just
choose the IAPX 88/20 system.

Relative Performance
Intel Zilog  Motorola

8068  Z60B MC6809
5 MHz) (6 MHz) (2MHz
Computer
Graphics 1.0 1 005
16-bit
Multiply 1.0 017 05
Block
Move 1.0 075 049

Full details of these berichmarks available

in the IAPX 83 Book.
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bit performance barrier
going broke.

It combines the power of the
8088 with our 8087 numeric
COProcessor.

Or if you're worried about
getting bound up in I70. Don't.
Select our iIAPX 88/11 system
that speeds I/0O processing three
to five times by putting an 8088
together with an 8089 1/0

of mind, we're ready to make
you an offer.

Just clip this coupon and send
it with $5 to Intel Corporation,
Literature Department, 3065
Bowers Avenue, Santa Clara, CA
95051. (Or call 408-987-8080.)

We'll send you the book on

r————————— — —
processor.
Then there's the fact if you everI Narme —
decide to make the jump to 16 Title
bits, you won't have to jump. The | "*'
8088 is 100% software compati- |
ble with our 8086. Company B
Because we don't think you A
should have to sell out yourfutureI ddress_
to get the best deal on price/per- | City
formance today. l -
And to put you in the right frame | 440 /Zip -

Limit one per person

how to design iIAPX 88 systems
and a coupon good for one
free 8088.

Everything you need to start
breaking through barriers—
without going broke.

I
Europe’ Intel International, Brussels, Belgrum I
Japan' Intel Japan, Tokyo United States and Canadian
distributors: Alliance, Almac/Stroum, Arrow Electronics. I
Avnet Electronics, Component Specialties, Hamilton/Avnet I
Hamilton/Electro Sales, Harvey, Industrial Components
Pioneer. L.A. Varah, Wyle Distribution Group, Zentronics I

In

‘delivers
solutions
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TEK 2200 &scitioscores

Tek 2213. $1100

{ Tektronix =

Tektronix 2213

Tektronix tradition for excellence in
designing and manutacturing oscil-
loscopes is recognized around the
world. But, rather than rest on past
laurels, we've veered dramatically
from the traditional design path we
ourselves established.

With the 2213 and the 2215, an en-
tirely new form of scope is on the
scene. Most remarkable about these
new scopes is that their major design
advances deliver full range capa-
bilities at prices significantly below
what you would expect to pay.

How has this been accomplished?
First, the number of mechanical
parts in these new scopes has been
reduced by 65%. Saving parts cost
and ultimately improving reliability.

Makes sense. The fewer the parts, the

less likely something will go wrong.
And the less often something goes
wrong, the more hours spent being
productive.

Next, board construction was de-
signed with the ultimate sophistica-
tion: simplicity. High performance is

So advanced

Performance
) BANDWIDTH
50 Vs 0BCRLOBCOPE Two channels, dc —60MHz to 20
i mV/div, 50 MHz to 2 mV/div.
g S i LIGHT WEIGHT
’ L) w 6.1kg (13% Ibs.). 6.8kg (15.0Ibs.)
= o ek wr B with cover, and pouch.
Nl Ce— e SWEEP SPEEDS
urx-:vs?m_ & E Sweeps from 0.5 510 0.05 us (to 5
O ""’& 5,6 ¥\ ns /div with X10 magnification).
g = ": H~ -
«% { A" d 2 SENSITIVITY
aee PANRS T v Scale factors from 100 V/div (10X
"R ﬂ;ﬂ_ H probe) to 2 mV/div (1X probe). Ac-
— - 4., U, curateto £3%. Ac or dc coupling.
‘g“ MEASUREMENT
CONVENIENCE

Automatic intensity, automatic
focus, beam finder for
oft-screen signals,

full 8x10-cm CRT.

BO AL

oSCRLOaCoR!

High efficiency No
power supply. cooling fan.

Improv
Fewer ser‘?/i?;eed
mechanical access
parts ——— .
than any -
other scope.

Less

i a
Fewer nat:'r:\ :
boards. " than an

than any

other scope.

.,v "
135/ Fewer
pounds. electrical
connectlors.

* FOB Beaverton, OR.
U.S. Prices.

Copynght © 1981. Tektronix, Inc All nights reserved. 985



THE PERFORMANCE/PRICE
STANDARD

they cost you less.

Specifications

DELAYED SWEEP
MEASUREMENTS

2213: standard sweep. intensified
after delay, and delayed; delay
times from 0.5 us to 4 ms. 2215:
increased delayed measurement
accuracy to £1,5%; A only, B only,
of A and B alternately with A inten-
sified by B; B sweeps run after
delay or separate trigger.

COMPLETE TRIGGER SYSTEM
Modes include TV field, normal,
vertical mode, and automatic;
internal, external, and line

sources; variable holdoff; sepa- ¢
rate B sweep trigger on 2215.

NEW P6120 PROBES

High performance, positive at-
tachment, 60 MHz and 10-14

pF at probe tip; light weight, /
flexible cables; new Grabber

tips for ICs and other small

diameter components.

achieved with fewer boards. (The
2213 has only one). Board electrical
connectors are reduced in number —
virtuaily eliminated in the 2213 — and
cabling cut an amazing 90%.

Fewer components and fewer boards
mean fewer steps in assembly, iess
testing, less likelihood of testing
errors.

These are the direct efficiencies that
keep prices low and reliability high.

The 2213 and 2215 aiso feature a high
efficiency power supply and power-
saving circuitry.

These innovations eliminate the neec
for a cooling fan and help make the
scopes smaller, lighter and cleaner.

In addition, the power supply works
all over the world (90-250 Vac, 48-
62 Hz) without needing a line switch
or a bulky line transformer. This spe-
cial power supply also regulates fluc-
tuations in line voltage, to assure cal-
ibrated measurements.

These are just some of the innova-
tions built into the 2213 and 2215 to

Textronix 2215

reduce costs and improve
performance.

Performance that's written all over the
front panels.

The bandwidth tor digital and high-
speed analog circuits. The sensitivity
for low signal measuremants. The
sweep speeas for fast logic families.
And delayed sweep for fast, accurate
timing measurements.

The advanced trigger system fea-
tures a vertical mode for true alter-
nate triggering on both channels. It
even has a convenient s'gnal-
seeking acto mode. And it also trig-
gerson either TV lines or fields at any
sweep speed for video service.

These scooes have i all They're
lightweigh: for field work They've got
abright easy to view display. Auto-
matic CRT focus and intensity. Beam
finder. And the operating simplicity to
fit a wide range of operaor skKills.
These are the advances in perform-
ance, cost savings and convenience
that break tradition. But other tradi-
tions remain. Like fast, reliable ser-

Tek 2215. $1400

vice support. Nearly 1300 people
around the worid to service Tektronix
products exclusively. Plus the cus-
tomer documentation, training pro-
grams and applications assistance
that help to make Tek service the
most comprehensive in the industry.
And make your 2200 scope an even
greater value.

For full information on the 2213 and
2215, contact the Tek office nearest
you. Or have your technical ques-
tions answered or place your order
via our new telephone saies service.
Call 800-547-1845. From Alaska,
Hawaii or Oregon, call coliect 503-
627-5402.

You just can’t buy a more advanced
scope, for anything less.
For turther information, contact:

U.S.A. Asia, Australia,

Tektronix. inc. Latin America, Japan
Defvery Station 19-100 Tektronix, inc

PO. Box 500 Americas Pacific Marketing
Beaverton, OR97077 PO. Box 500

Phone, 800 547-1845 Beaverton. OR 97077

From Alaska, Hawaii Telex 910-467-8708

or Oregon call collect.
503/627-5402

Telex 910-467-8708
Cable: TEKTRONIX

Europe, Atrica,

Middle East

Tektromix International, Inc
European Marketing Centre

Canada Postbox 827
Tektronix Canada inc 1180 AV Amstelveen
PO Box 6500 The Netherlands
Barne, Ontario L4M 4V3 Telex 18312

Phone: 705/737-2700

Tektronix

COMMITTED TO EXCELLENCE



A processor and a 2500
gate controller that shatter
the sub-100ns microcycle
barrier. A 50ns 16 x 16 multi-
plier. A 16K PROM with a
35ns access time.

And that’s just a preview
of what our new process
lets us do.

Ever since we started the
bipolar LSI business with

the Am2901 back in 1975,
weve been making every-
thing in our 2900 family
faster and denser. Now,
thanks to IMOX; were doing
it even better than before.
IMOX 1is our advanced,

ion implanted, oxide isolated
process. It gives us smaller
chips; faster, more complex
devices.

And because IMOX lets us
use ECL internal structures
with TTL /0, you get all this
unbelievable speed without
any interface problems.

Advanced Micro Devices = Austria: Kontron Ges m b H , A-2345 Brunn am Gebirge Tel (02236) 8 66 31 Telex 79337 Belgium: AMD Overseas Carporation, B 1150 Bruxelies Tel

(02) 77199 93 Télex 61028 « MCA Tronix S PR L . B 4200 Ougree Tél (041) 36 27.80 Télex 42052 Denmark: Advanced Electronic of Denmiark Aps, DK 2000 Copenhagen F Tel

(01) 19 44 33 Telex 22 431Finland: Komdel OY, SF 02271 Espoo 27 Tel (0) 885 011 Telex 12 1926 France: AMD. S A . F-24588 Rungss (Cede, TEl F01) 686 91 86 Télex 202053
Germany: AMD GmbH, D-8000 Munchen 80 Tel (089) 40 19 76 Telex 523883 » AMD GmbH, D-7024 Fiderstadt 3 Tel: (37158) 3060 Telex 721211 Italy: AMD. S r! ,1-20090

Mi2-Segrate (MI) Tel. (02) 215 4913-4-5. Telex: 315286 Israel: Talviton Electronics Ltd , Tel Aviv Tel (03) 444472 Telex 03-3400 Japan: AMD. K K “okyo 168 Tel (03) 329-2751
Telex 2324064 = AMD, K K, Osaka 564 Tel (06) 386-9161 Netherlands: Arcobel BV, NL 5342 PX Oss Te' (04120) 30335 Telex 37489 Morway: A & Kjell Bakke, N-2011 Strommen
Tel (02) 71 53 50 Telex 19407 South Africa; South Continental Devices (Pty) Lid . 2122 Pinegowrie Tel (D11} 789-24G0 Telex 4-24849 Span: Sagitrén 3 A . Madnd-1 Tel
(01) 275 4824 Telex. 43819 Sweden: AMD AB, S-172 07 Sundbyberg Tel: (08) 98 12 35 Telex 11602 = Svensk Teleindusti| AB, S-162 05 vallingoy Tel (08) 6 04 35 Telex 1303C
Switzerland: Kurt Hirt AG, CH-8050 Zanch Tel: (01) 302 21 21 Telex 53461 United Kingdom: AMD (U K. Ltd, Woking, Surrey GU21 1JT Tel (04862) 2221 Telex: 859103



ON MAY 44,1980,
AMD DISCOVERED A NEW WAY TO
MAKE HIGH PERFORMANCE ICs.

TAKE THE NEW 2901 C.

It’s half the size, one-
third the price, and more
than twice the speed of
the Am2901.

And were making high-
speed VLSI devices right
now that are going to re-
place three whole PC boards
of FAST or AS MSI. That’s

about 200 fewer chips—200
fewer ways to use power,

spend money and waste time.

FOUR BIG, HAPPY
FAMILIES.

You can come to AMD for
total design solutions, not
just a part here and there.

We've got high perfor-
mance IMOX LSI families

The International Standard of Quality guarantees these

electrical AQLs on all parameters over the o
range: 0.1% on MOS RAMs & ROMs; 0.2% on Bipolar
.3% on Linear, LSI Logic & other memories.

ture
Logic & Interf:

rating tempera-

for signal processors, control-
lers, CPUs, plus all the inter-
face and support you're ever
going to need. Not only that,
weTe using IMOX to make
the fastest, most complex
proms ever.

And all of them come with
a quality guarantee you
can’t get from anybody else.

If you want the newest,
the fastest, the most com-
plete families of high perfor-
mance LSI, call AMD. We'll
show you the light.

" Advanced Micro Devices 0%

For more information, call one of our distributors or write the words “IMOX Family” on your letterhead and mail it to
Advanced Micro Devices Mail Operation, P.O. Box 4, Westbury-on-Trym, Bristol BS9 3DS, United Kingdom.



Meetings

Midcon/81, IEEE (Electronic Con-
ventions Inc., 999 N. Scpulveda
Blvd., El Scgundo, Calif. 90245),
Hyatt Regency O’Hare Hotel, Chi-
cago, Nov. 10-12.

27th Annual Conference on Magnet-
ism and Magnetic Materials, 1EEE et
al. (H. C. Wolfe, American Institute
of Physics, 335 E. 45th St., New
York, N.Y. 10017), Sheraton-
Atlanta Hotel, Atlanta, Ga., Nov.
10-13.

Productronica 81 —4th International
Trade Fair for Manufacture in Elec-
tronics, Miinchener Messe- und
Ausstcllungsgesellschaft GmbH
(Postfach 12 10 09, D-8000 Munich
12, West Germany), Trade Fair
Center, Munich, Nov. 10-14.

14th Annual Connectors and Inter-
connections Symposium, Electronic
Conncctor Study Group Inc. (P. O.
Box 167, Fort Washington, Pa.
19034), Franklin Plaza Hotel, Phila-
delphia, Nov. 11-12.

Eascon—Electronics and Aerospace
Systems Conference, IEEE (Robert
D. Briskman, Comsat General
Corp., 950 L’Enfant Plaza S. W,
Washington, D.C. 20024), Wash-
ington Hilton Hotel, Washington,
D.C.,, Nov. 16-19.

Integrated Optics and Millimeter and
Microwave Integrated-Circuits Con-
ference, International Society for
Optical Engineering et al. (SPIE.
P.O. Box 10, Bellingham, Wash.
98227), Von Braun Civic Center,
Huntsville, Ala., Nov. 16-19.

4th Digital Avionics Systems Confer-
ence, 1IEEE (Cary R. Spitzer, Mail
Stop 472, National Aeronautics and
Space Administration Langley Re-
scarch Center, Hampton, Va.
23665), Stouffer’s Inn, St. Louis,
Mo., Nov. 17-19.

Electronic Display Device Exhibi-
tion, Electronic Industries Associa-
tion of Japan (3-2-2 Marunouchi,
Chiyoda-ku, Tokyo 100, Japan),
Science Muscum, Tokyo, Nov.
17-20.

24

National Telecommunications Con-
ference and Exhibition, IEEE (J. W.
Joyner, South Central Bell Tele-
phone Co., 518 Baronne St., Room
1035, New Orleans, La. 70140),
Marriott Hotel, New Orleans, Nov.
29-Decc. 3.

International Electron Devices Meet-
ing, IEEE (Melissa Widerkehr, Cour-
tesy Associates, 1629 K St., NW,
Washington, D.C. 20006), Wash-
ington Hilton Hotel, Washington,
D.C., Decc. 7-9.

Infrared and Millimeter Waves Con-
ference and Exhibition, IEEE (K. J.
Button, Massachusetts Institute of
Technology, National Magnet Labo-
ratory, Cambridge, Mass. 01239),
Carillon Hotel, Miami Beach, Fla.,
Dec. 7-11.

Computer Networking Symposium,
National Bureau of Standards and
IEEE (Robert Toense, B226 Technol-
ogy Buildings, NBS, Washington,
D. C. 20234), nBs, Gaithersburg,
Md., Dec. 8.

Winter Simulation Conference, 1EEE
(Claude Delfosse, CAcCI Inc., 1815
North Fort Myer Dr., Arlington, Va.
22209), Pcachtree Plaza Hotel, At-
lanta, Ga., Decec. 9-11.

First Military Computers & Soft-
ware Seminar, American Decfense
Preparedness Association (ADPA,
900 Rosslyn Center, 170 N. Moore
St., Arlington, Va. 22209), Sheraton
National Hotel, Arlington, Va., Jan.
27-28, 1982.

Seminars

Intel Corp. offers a wide selection of
workshops during the fall and winter
dcaling with its microcomputer com-
ponents, boards, software, operating
systems, and design tools. The work-
shops arc held frequently in citics
that include Boston, New York, Chi-
cago, Dallas, and San Francisco.
Sessions are offered as well at cus-
tomers’ facilities. For more informa-
tion, write to Intel Corp., Customer
Training, 27 Industrial Way,
Chelmsford, Mass. 01824,

Message
from

MDB:

“Get what you need now! Fast
response on your literature
requests is assured by MDB'’s
new toll free numbers listed
below. Pick up the phone
today and your data will be
posted in the next mail. And,
MDB will be equally respon-
sive with product delivery.
Most boards can be shipped in
less than 30 days. We look
forward to hearing from you”

Call Toll Free
for Literature:

In California:

800/852-7777

All other States:
800/824-7888

Ask for Operator No. 629

For Technical Information,
Contact or Pricing

Cdll MDB

(714) 998-6900

)
SYSTEMS INC.

1995 N. Batavia Street
Orange, California 92665
714-998-6900

TWX: 910-593-1339
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Synchronous Communications Interfaces
with X.25 capability.

MDB

makes

the difference!

The industry’s only DUP-11* compatible interfaces
for Q-bus* (as well as Unibus*) computers are
now available with support for X.25, the interna-
tional data communications protocol. This means
that the popular MDB DUPV-11 (Q-bus) and
MDB DUP-11 (Unibus) synchronous communica-
tions interfaces are ideally suited for use in public
common carrier packet-switched networks and
multi-computer or terminal communications.

In addition to X.25 capability, the interfaces
offer a number of significant performance advan-
tages above and beyond their functional equiv-
alency and software compatibility with DEC. The
small size quad boards will accommodate BI-
Sync and DDCMP in byte control and SDLC,
ADCCP and HDLC bit-oriented protocols with
programmable character lengths and complete
hardware error control. For Q-bus users, this is big
system protocol handling never available before.

But that’s not all the difference MDB interfaces
can make to your system. MDB offers line printer
controllers for over 100 computer/printer com-
binations and some of them test themselves. MDB
makes the only DZ11 compatible multiplexors
for DEC’s LSI%11 series — and RS-422 is available.
We offer PROM modules with window mapping,
asynchronous serial interfaces, LSI-11/23 box sys-
tems with 22 bit addressing, and a wide range
of products for Data General, Perkin-Elmer and
IBM Series/1 computers. Our boards are war-
ranteed for a full year, many are available off-the-
shelf and they can be purchased under GSA
contract #GS-00C-02851.

Let MDB make a difference in your system.

Trademark Digital Equipment Corporation

Circle 24 for featured product data.
Circle 25 for general information.

1995 N. Batavia Street
B Orange, California 92665
i 714-998-6900
SYSTEMS INC. TWX: 910-593-1339

Data and Data and

Control Bits Control Bits

Sync Sync

or Flag
203
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VLSI forces a change in product design strategies

If there is one clear message that is embodied
in the pages of our Technology Update issue,
it is that the era of very large-scale integration
is indeed upon us, bringing with it radical
changes in the way electronics companies
think about product design and strategic plan-
ning. In the wake of VLSI, we foresee even
more profound efforts, involving changes in
the very structure of the semiconductor indus-
try, shifts in the added value contributed by
equipment manufacturers, and dramatic alter-
ations in the traditional roles of component
and equipment suppliers.

Already some of these changes have become
apparent. Witness the evergrowing list of new
ventures offering custom and semicustom
VLSI services, for example. Add to this the
so-called silicon foundries that are now being
established —fulfilling the prophecy made by
our Achievement Award winners Carver
Mead and Lynn Conway (see p. 102). Finally,
mix in the frantic activity in the development

Opportunity, not license

We often disagree with the opinions and the
methods of Irwin Feerst, the irascible critic
and implacable foe of the Institute of Elec-
tronic and Electrical Engineers. But an item in
his September newsletter circulated to mem-
bers of his “Committee of Concerned EEs”
caught our eye, and we have to admit the
umbrage he expressed was fully justified.

The item was about an advertisement by the
University of the District of Columbia that
appeared in the Washington Post. In it, UDC’s
College of Physical Science Engineering and
Technology, soliciting enrollments, offered not
only high-quality academic programs but “al-
most guaranteed employment and virtually a

of computer-aided design systems, and you
have the makings of what can easily be called
another revolution.

As we see it, this revolution will tend to
move VLSI design away from the exclusive and
sacrosanct domains of a few high priests resid-
ing in the semiconductor companies and will
place more chip design capability directly in
the hands of the designers resident at the
equipment manufacturer. As this occurs, all
participants in semiconductor technology -
vendors and buyers alike —must then reassess
their roles and their futures.

Obviously, the mass-produced program-
mable component will be with us for the fore-
seeable future. But inexorably the cost of CAD
and custom fabrication will come within reach
of many product planners whose only option
right now is to design with commodity compo-
nents. Once freed from the restraints imposed
by the latter, who can predict the course of
electronic functions in the years ahead?

license to make money.” We have no way of
passing judgment on the quality of the curric-
ulum at UDC, but we do note, as did Feerst,
that a recent article in Harper's cited the
“university” as actually a school for remedial
reading, where 90% of its freshmen read
below the ninth grade level.

That aside, we do agree that equating an
engineering degree with a license to make
money is not only demeaning to the profession
but will attract to engineering schools students
with the wrong motivation, who will inevitably
be disappointed. Most of us are looking for an
opportunity to do satisfying work for fair
remuneration, not licenses to make money.
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The first user-programmable, UNITED
8-bit micro that runs %‘l’fs TECHNOLOGIES
hot and cold;: MK38P70. MOSTEK

What it means is simply this: now
you can also use the MK38P70 as your
final production device for low vol-
ume, extended temperature applica-
tions. If you do, you'll be making an
excellent choice.

First, the P-PROM MK38P70 is more
cost-efficient than a mask-ROM micro-
computer in low volume quantities.

Second, it's also more versatile.
With the MK38P70, you can program
the piggyback EPROM and change it
if necessary (as often as you like) on
any standard EPROM programmer.

I Once completed, you're ready for
" production because the MK38P70 will
meet final system specifications.

And, if the application subsequently
becomes higher volume, you can still
use the MK38P70 to emulate a total of

-40°C

r o 8 mask-ROM equivalents.

. % VK ¥ | A —40°C to +85°C operating range.
ﬁ SN T Add that to unparalleled emulation

' capability and it's easy to understand

e 1 why the MK38P70 continues to be the

hottest, user-programmable micro-

¢ computer you can get. Call your
nearest Mostek distributor to find out
more. Or contact Mostek, 1215 West

{ Crosby Road, Carrollton, Texas 75006

’ (214) 323-1801. In Europe, contact

Mostek International at (32)2.762.18.80.

Circle 27 d . d In the Far East, Mostek Japan KK
ircie on reader service car (03)-404-7261 ;

gt
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“T'he 10-Bit DAC Race Is Over!
“PMIs High-Speed DAC-I0 Just Became
“Ihe L¢ac{er in Linear Wonderland

“Oh dear! Oh dear! I shall be too late!” the White
Rabbit said as Alice saw him take a watch out of a
waistcoat pocket, look at it and then hurry on. In Alice’s
Wonderland, the White Rabbit was always rushing off
in new directions but arriving there too late.

In Linear Wonderland, a lot of circuit designers are
like the White Rabbit. They constantly race the clock
to complete development of new linear circuits, only to
find that PMI’s gotten there first.

Our new DAC-10 is a case in point. Every linear
house has been racing to come up with an affordable
high-speed 10-bit D/A converter. Now PMI has one.
With a speed of 85ns and a pinout compatible with our

© PMI 1981

industry standard DAC-08, the low-priced DAC-10 will
make further development of 10-bit current output
DACs unnecessary. PMI is understandably proud of its
accomplishment.

The DAC-10 is not just a modified DAC-08. It's a
brand new product, redesigned to achieve the speed of
the DAC-08 but with 10-bit resolution and 14 LSB full-
scale accuracy. Trimming is achieved with zener zap-
ping to avoid the long-term instability problems associ-
ated with laser trimming.

All that at attractive domestic prices starting at
$5.50 for commercial grades and $14.50 for military
grades. A comparison of the speed/resolution/price

World Radio Histo




tradeoffs in existing 10-bit DACs will show you exactly
why the PMI DAC-10 is destined to become the 10-bit
industry standard, just like the DAC-(08 became the
8-bit standard.

10-BIT CURRENT OUTPUT D/A CONVERTERS
O HYBRIO OR MOOULE @ MONOLITHIC
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The White Rabbit looked at his watch again, then
dipped it in his cup of tea to see if he liked what it
said any beiter. If you're still not sure the DAC-10
looks good fo you, PMI can give you some ather ways
of looking at its performance.
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While the DAC-10 may have come along too soon

for our competitors, we think equipment designers will
say it’s just in time. Think of the possible applications:

10-bit 2usec A-to-D converter

Tracking A-to-D converter

CRT graphic display driver

High-speed waveform generator
Programmable current source

Programmable attenuation/gain

Voltage output with simple resistor termination

Whatever your application, send for our “Quick As

A Rabbit” DAC-10 sample or give us a call.

And tell your engineering friends who design linear

circuits they can stop work on their 10-bit DACs and
get started on something else. When they get to where
they're going, PMI will already be there . . . waiting for
them to catch up.

If someone beat you to the coupon, write to us.

Or circle #200 for literature.

Precision Monolithics, Incorporated
PMI 1500 Space Park Drive
® Santa Clara, California 95050

(408) 246-9222 TWX: 910-338-0528 Cable: MONO

In Europe contact:

Precision Monolithics, Incorporated
c¢/o BOURNS AG

ZUGERSTRASSE 74, 6340 Baar, Switzerland
Phone: 042/33 33 33 Telex 78722

Check the box for your
“Quick As A Rabbit” DAC-10 sample.

0 DAC-10 (0 Literature

Mail To: Precision Monolithics, Inc., 1525 Comstock Avenue,
Santa Clara, CA 95050

or Precision Monolithics, Inc., ¢/o BOURNS AG
Zugerstrasse 74, 634() Baar, Switzerland

Company _ o

Department___ _

Address. _— E—

Phone ( ) - o —




( )/

(M




R

you can buy for the years ahead.

It's here. Biomation K101-D. The
first logic analyzer to combine
high-speed 50 MHz data and 100
MHz time domain capabilities with
advanced 48-channel recording.
With enough powerful extras to
demolish your toughest hardware/
software integration problems—
even on the most complex multi-
plexed microprocessor.

Fast, accurate software
debugging.

With its 50 MHz clock rate, 48-
channel recording and 16 trigger-
ing levels, the K101-D isolates
software bugs faster and more
precisely than ever before.
Sophisticated disassembly firm-

ware generates precise mne-
monics that cut analyzing time.
And 12 external clocks (AND or
OR) let you demultiplex 16-bit
microprocessors, 16- and 32-bit
minicomputers and bit-slice
processors,

100 MHz high-speed
hardware analysis.

The K101-D's advanced high-
performance hybrid probes let
you capture glitches as narrow as
5 ns. And, with 48-channel
recording, 515-word memory and
16-level triggering, you'll trap the
data you need. The convenient
display formatting and expansion
simplify analysis.

| The most powerful general purpose logic analyzer

Call now for a free demo.
See for yourself why the K101-D is
a breakthrough in logic analyzers
for the years ahead. For a demon-
stration or a copy of our detailed
product brochure, write Gould
Inc., Biomation Operation, 4600
Old Ironsides Drive, Santa Clara,
CA 95050. For fastest response,
call 408-988-6800.

For powerful software
debugging, K101-D data
domain capabilities include
disassembly, 50 MHz clock-
ing, 48-channel recording,
12 external clocks, 515-
word memory, demultiplex-
ing, 16-level trace control
for triggering, 6 display code
formats, and reference
memaory.

For powerful hardware
debugging, K101-D time
domain capabilities include
100 MHz clocking, 48-
channel recording, 515-
word memory, 5-ns glitch
capture, 16-level triggering,
channel labeling, new high-
performance probe design,
as well as horizontal and
vertical display expansion

s

for easy reading.

GOULD

An Electrical/Electronics Company
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No other oscilloscope offers

this much in one package.

Large 16K Memory

Signal Averaging

See things you've
never seen before with a
time resolution of up to
16,000:1 and a dynamic
range of up to 32,000:1.
Zoom in on the smallest
signal detail with expan-
sion up to x256 on both
axes. By using subsec-
tions of memory, you can
display up to 32 stored
waveforms simultaneously.

4-Channel
Operation

Capture, store and
display four signals
simultancously using two
plug-ins operating on
the same, or totally
independent, timebase
and trigger. Compare live
and stored waveforms in
real time. Even compare
interactive variables such
as voltage/current or
stress/strain using X-Y
display of either live or
stored signals.

Pre- and Post-
Irigger Delay

Look into the past or
future with a pre-trigger
delay from 500 nano-
seconds to 37 days or a
post-trigger delay up to
106 years. Avoid accidental
triggering by checking the
threshold and sensitivity
using the trigger-view
mode.

Extract repetitive
signals from noise using
sweep averaging. Even
smooth those slow, noisy,
one-shot signals by
using the unique point-
averaging mode.

Data
Manipulation

IEEE-488 and
RS-2321/0

As with all Nicolet

scopes, manipulate stored |

data using the pushbutton
functions of add, subtract
or invert. With the 4094,
continue to expand this
capability with disk-
extended functions of

multiply, integrate, smooth,

RMS and much more.

Permanent Data
Storage

Alpbanumeric
Display

Get absolute or
relative measurements
from any portion of the
waveform using the
cursor-interactive time
and voltage readout.
The numerics include
a channel identifier to
eliminate errors even on
multiple trace displays.

Store waveforms at
the touch of a button on
the optional floppy disk
or capture and store
automatically using the
autocycle feature. Get
report ready hardcopy
records using the standard
X-Y or Y-T recorder
outputs, or obtain fully
annotated plots automatic-
ally with the optional
digital plotter.

|
|

r

]

Integrate the 4094
into your digital measure-

ment system with the fully |

bi-directional GP-1B and
RS-232 digital 1/0 option.

SCOPE
GP-1B————@=——~$-232 ON-UNE  pIOTTER
.
MODEM/ COMPUTER
o e

— —

TERMINAL

J
B e
- ! .

One of a Family

Nicolet is the world’s
leading manufacturer of
high resolution digital
oscilloscopes. In addition
to the 4094, Nicolet offers
the 2090 range of 2-chan-
nel digital oscilloscopes
with many advanced
features including high-
resolution, disk storage
and digital 1/0.

Find out how
Nicolet can bring digital
precision to your analog
measurements. For
more information, call
608/271-3333. Or write:
Nicolet Instrument
Corporation, Oscilloscope
Division, 5225 Verona
Road, Madison, WI 53711.

In Canada:
call 416/625-8302.

|

NICOLET

INSTRUMENT |
’ a» CORPORATION

OSCILLOSCOPE DIVISION

Sales and Service Offices
Worldwide

The Nicole

94.
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DEC module turns
VT100 into
desktop computer

Motorola, Mostek
Signetics agree
on 16-bit bus

Silicon foundries
pose problems
for Japanese

Zilog, Seeq to mate
microprocessors,
on-chip EE-PROMs

Electronics/October 20, 1981

Electronics newsletter

With an installed base of more than 250,000 VT100 display consoles, the
Digital Equipment Corp., Maynard, Mass., is taking a step designed both
to protect this base and to enter the personal and small-business computer
market. DEC is announcing the VT18X, a printed-circuit module that
plugs directly into the VT100, converting it into a complete, CP/M-
compatible microcomputer system. For $2,400, a VT100 owner gets the
computer board consisting of a 4-MHz Z80A microprocessor with 64-K
bytes of MOS random-access memory and software-controlled RS-232-C
and printer ports. Two 5Y4in. floppy-disk drives also are included, and
pEC will sell cP/M licenses for $250. Thus, with the VT100 selling
discounted for about $1,450, a VT18X package would cost only about
$3,050 —competitive with recent entries from 1BM and Xerox. Software
will be available through Lifeboat Associates, Peachtree Software, and
Digital Research.

Motorola Inc., Mostek Corp., and Signetics Corp. have jointly created
specifications for a series of Eurocard bus products that use the 68000
16-bit microprocessor. To be marketed both in the U. S. and Europe as
the VME bus, it will come in two standard sizes: single Eurocards (160 by
100 millimeters) for 16-bit systems, and double cards (160 by 233.4 mm)
for 32-bit systems. The single card will have one pin-and-socket connector
capable of supporting 16-bit data widths and addressing up to 16 mega-
bytes. In addition to the primary 96-pin connector, the double-size card
will have a second 96-pin expansion connector, allowing it to accommodate
multiprocessor systems and future 32-bit processors. The new bus, which
will be asynchronous, will have nonmultiplexed address and data fields —
allowing it to speed up individual bus cycles to handle up to 5 million
32-bit transfers per second.

The accelerating move toward silicon foundries in the U.S. has not
escaped the attention of Japanese semiconductor officials. One worldwide
study on their impact on standard parts already has been completed by
management consultants McKinsey & Co. While McKinsey officials stress
that any effects hinge on how fast, and indeed whether, custom very
large-scale integrated circuits would displace clusters of simpler compo-
nents, U.S. foundry success will pose strategic problems for Japanese-
semiconductor houses. The basic geographic advantage of having foundries

near big U.S. customers, with better service implied along with fast
turnaround and good prices, would be tough for Japanese firms to beat.

An important step toward the day of the self-configuring microprocessor
has been taken by Zilog Inc. and Seeq Technology Inc. The two California
firms have agreed to exchange expertise as they jointly develop a micropro-
cessor family with on-chip 5-v-only electrically erasable programmable
read-only memories. The devices will be designed by Zilog, which has
headquarters in Campbell. Seeq, a startup by former Intel engineers in San
Jose, will share the processing know-how in developing its EE-PROMs,
while Zilog will reveal some of the internal hooks of its microprocessor line
to allow the two types of devices to be mated. The first products jointly
developed will be EE-PROM versions of the Z8 and Z80, but the door is left
open for similar efforts with Zilog’s 16-bit and upcoming 32-bit lines.
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Stata backs
maker of low-cost
CAT scanners

Grumman to make
broadcast gear

Lapierre heads
Rockwell division

Addenda

Electronics newsletter

A Schaumburg, I11., start-up firm listing Ray Stata as its primary financial
backer —he is chairman and president of Analog Devices Inc. —is planning
to sell low-cost computerized axial-tomography (CAT) scanners with
installation of its first unit early next year. Priced at about $475,000, the
full-body X-ray scanner from Interad Systems Inc. will be 30% to 50%
cheaper than comparable systems built by major suppliers such as
General Electric and Siemens, says Interad president G. H. Williams. The
Interad system will employ an array processor supplied by Computer
Design & Applications Inc., Newton, Mass., and will feature an operator’s
console, based on an LSI-11/2 processor, with 8-in. Winchester disk drives
and other peripherals built in. Though a number of companies have failed
in the CAT scanner business in recent years, Interad hopes to succeed by
marketing its system initially to smaller hospitals with fewer than 250 beds
that cannot afford the more expensive units.

With the National Broadcasting Co. signed up as its first customer,
Grumman Aerospace Corp. has gone into a new business: the design and
manufacture of television broadcast equipment. The deal with NBC, for
about $1 million, is for design, development, and production of a TV—tim-
ing-reference system. It will be done at Grumman’s facility at Great
River, N. Y., and will be used at the NBC studios in Burbank, Calif.

Bolstering its commercial semiconductor efforts, Rockwell Corp. has
named Alfred G. Lapierre president of its Electronic Devices division.
Since 1978, Lapierre has headed the MOS LSI Business of National
Semiconductor Corp. Lapierre succeeds Howard Wolrath, who has been
appointed a vice president under Kent M. Black, president of Rockwell’s
Commercial Electronics Operations, of which Lapierre’s division is a part.
Previously, Steve Ou was named director of product development and
Howard Cotterman became general manager of the division.

RCA Corp.’s Solid State division in Somerville, N. J., has signed an
alternate-sourcing agreement with Motorola Inc.’s Microprocessor Group
in Austin, Texas, for the 146805 complementary-MOS microcomputer
family. RCA will make the 8-bit part in all its versions as well as supply
support chips and will continue to make its own 1800 family as
well. . . . Look for General Electric Co. to introduce Gescan 2, a hard-
ware-based text search and retrieval system capable of multiple, parallel
searches of a large data bank at the rate of 2 million characters per
second. . . . Zenith Data Systems in Glenview, Ill., has added the Z-90
to its line of small business machines. Like the firm’s two-year-old Z-89,
the Z-90 is based on an 8-bit Zilog Z80 microprocessor, but has double-
density 5.25-inch diskette capability and expands main memory to 64-
K-bytes, compared with the 48-K-byte Z-89, which handles single-density
5.25-in. diskettes. . . . Tandy Corp. says it is negotiating for the pur-
chase of Memorex Corp.’s Consumer Products division. . . . Asiagra-
phics, a start-up company in Mt. Sinai, N. Y., is preparing a software
package that allows Chinese and Japanese characters to be displayed on
standard bit-mapped computer terminals. A unique feature allows charac-
ters not in its 5,000-unit set to be added in real time by defining which
bits in a 16-by-16 grid to turn on.
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TEACH
YOUR
TV
NEW
TRICKS

Stop Motion

image Subtraction

Picture these extended display possibilities on your
existing TV monitor: stop motion, multiple images,
the ability to selectively remove portions of the
picture while retaining objects of interest, the
ability to improve weak-signal image quality, plus
the ability to display slow-scan input video in
standard TV format.

If these are tricks you could use in your trade,
let Hughes demonstrate the unique new
ANARAM 90™ image processor that provides
these and other amazing feats in a cost-effective,
easy-to-use package. Multi-image

For information on the all-new, digital solid state ANARAM 90

television image processor, or to arrange a demonstration, call or
h write today: Hughes Aircraft Company, iImage Memory Products,

6155 El Camino Real, Mail Station 142, Carlsbad, CA 92008-4888,
(714) 438-9191, Extension 220

F-sssssss===" I A

' HUGHES

[l
|
]
-————- - - - 4
HUGHES AIRCRAFT COMPANY

Hughes Aircraft Company, image Memories
6155 El Camino Real, Carlsbad, CA 92008-4888

[J Please send me information on the ANARAM 90 digital
television image processor.
[J Please have a sales representative call.

Name and Titl2

Firm
Photos courtesy Del Mar Thoroughbred Club.

Images processed by Hughes ANARAM 90T Processor. (RIS AT
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HOW THE
SIMPLEST BUSINESS
PRINCIPLE OF ALL
TURNS COMPETITORS

INTO CUSTOMERS.
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/f you make a better quality product than your competition,
custormers will buy it.

We at Motorola have seen this simple principle make significant
differences in the international electronics industry we are part of.

For example, in recent years quality improvermnents by many
Japanese companies have resulted in major inroads for their products
into world markets, especially in consumer electronics.

But the same principle of quality has turned some of those
Japanese competitors into important customers of American firms such
as Motorola.

A case in point concerns communications equipment Motorola
designed and built for NASA. Our equipment has been used on every
manned and most unmanned space shots without a single mission-
endangering failure. Not one. So impressed was the Japanese Space
Agency with the quality of our space communications technology and
our reliable performance they have specified Motorola equipment for
use on many of their space missions.

Closer to earth, a Japanese national named Junko label, the
first woman ever to climb Mt. Everest, used an FM portable two-way
radio made by Motorola here in America to help guide her to the top.

It withstood nights of 20° below zero and days of blinding blizzards. Small
surprise that with plenty of Japanese radios to choose from, Ms. Tabei
also specified Motorola for her next climb, this time to the roof of Tibet.

And the examples go on. Even though Motorola has bowed out of
the consumer electronics market, Japanese companies that are today's
giants in that industry buy millions of quality components from our
Motorola Semiconductor Products Sector.

All this isn’t happenstance. It is the systematic result of Motorola
programs, pioneered and developed over the past decade, to give all
Motorola employees a greater sense of involvernent in, and responsibility
for, the quality of the products they design and manufacture.

So, when we receive quality supplier awards from companies
such as General Motors, Control Data and even Hitachi, we know why.

And we're proud of that kind of response. It supports our belief
that quality is not only the oldest and simplest principle of business.

[t also is the most important.

@ MOTOROLA AlWorld Leader In Electronics
Quality and producz‘/v/z‘y through emp/oyee participation in management,

©1981 Motorola Inc. Molorola dm registered trademarks of Motorola, Inc
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Type MG Precision High Voltage Resistors
from CADDOCK deliver 6 big advantages:

MG 815
30,000 VOLTS

— ___MG78s
20,000 VOLTS
MG 750

1. For maximum design
flexibility, there are 19 standard
models with 10 voltage ratings
in the Type MG ‘family’.

The Type MG family of high voltage resistors
includes a selection of voltage ratings from 600 volts
to 30,000 volts in various resistor lengths to provide
maximum flexibility in the design of high voltage
assemblies.

In addition to this wide range of voltage ratings,
the Type MG family provides a selection of resistor
diameters at many of the standard voltage ratings, as
illustrated by the three models of 4,000 volt, 1-inch
long resistors shown here.

MG 710
D
D 7

Important performance specifications for all
Type MG resistors include:

¢ Full power rating to + 125°C.
® +225°C maximum operating temperature.

¢ Resistance values that cover the range from 200
ohms to 2000 Megohms.

2. The standard TC of 80 PPM/°C
and resistance tolerances from
1.0 % to 0.1% combine to
improve circuit accuracy.

Through the full range of resistance values from
200 ohms to 2000 Megohms, the Type MG resistors
maintain a temperature coefficient of 80 PPM/°C
over the range from —15°Cto +105°C, referenced
to +25°,

The combination of precision and low TC
achieves a significant improvement over other high
voltage resistor technologies, particularly in the

4,000 VOLTS

3. Overvoltage rating of 150%
is standard for all models.

Every model of the Type —————
MG resistors hasa standard | Model MG 815
overvoltage/overload | *™ & [
rating of 1.5 times the Tan =i
maximum working voltage o

where this level does not |}

exceed 5 times the rated
power. As an example, in
the Model MG 815 this
capability provides for
short-term overloads as
high as 45,000 volts.

And for even tougher applications, special
factory conditioning can boost the mfaximum
continuous operating voltage of many models to
160% above the standard specifications.

higher resistance values.

4. Matched resistor sets with
0.1% ratio tolerances and TC
tracking as close as 10 PPM/°C
from -15°C to +105°C.

The temperature coefficient of Caddock
Micronox® resistance films can be controlled to
provide matched sets of Type MG resistors with

ratio tracking within 10 PPM/°C
and with ratio tolerances as

close as 0.1% for ratios
\ from 1:1 to 1:100,000.
\
vl e Iestetar

1 1o -t
R

\ o —

3

For high voltage divider
applications, 2 % ratio tolerance is standard.

5. Extended-life stability
that is typically better
than 0.02% per 1000 hours.

20,000 hour continuous load-life tests have
proven the exceptional stability of Caddock
Micronox® resistance films. This graph illustrating
the 20,000 hour test results of the 10,000 volt rated
Model MG 750 shows extended-life stability well
within 0.02% per 1000 hours,

20,000 Hour Load-Life Test
Model HIO 50
| NOMINAL
| messOR
l VALE
j 5 5000 10,00 18,000 20,000
{ o

A complete data summary of these test results is
available on request.

6. Exclusive Non-Inductive
Performance.

Caddock’s Exclusive Non-Inductive Design is
the answer wherever there are special require-
ments for excellent high-voltage pulse fidelity
and wide bandwidths.

To keep the inductance to an absolute
minimum, the special serpentine pattern provides
for neigh-
boring lines
to carry the
current in
opposite di-
rections to
achieve
maximum
cancellation
of flux
fields over
the entire

length of the resistor.

Caddock’s advanced film resistor technologies are the source of these exceptional performance advantages.
Produced with a special dedication to quality and urit-to-unit consistancy, these high performance
film resistors have achieved an unsurpassed 20-year record of ‘in-circuit’ reliability.

For complete data and specifications on over 150 models of the 13 standard types of Caddock resistors,
ask for your copy of Caddock Electronics new 20 page General Catalog. In it you'll discover how easily
these problem-solving resistors can improve the performance and reliability of your equipment, too.

Caddock Electronics, Inc., 1717 Chicago Avenue, Riverside, California 92507 ® Phone (714) 788-1700 » TWX: 910-332-6108

HIGH PERFORMANCE FILM RESISTORS
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Market-share scramble
sires faster versions
of 64-K dynamic RAMs

by J. Robert Lineback, Dallas Bureau

Memory makers feel that
fastest chips will win out
and are upgrading their
chips for swifter access

The race for market shares in the
64-k dynamic random-access memo-
ry business presumably will go to the
manufacturers with the swiftest
parts. For although memories with
access times of 200 nanoseconds
account for most the 64-K RAM busi-
ness at thc moment, increasing num-
bers of buyers want 150-ns parts.

So to hold their own in the fast-
accclerating market, thrce of the
lcading U. S. contenders— Motorola

Inc., Mostek Corp., and Intel
Corp.—will soon hit the market with
faster versions of their 64-K chips.
As for Texas Instruments Inc., like
Motorola a volume producer of the
parts, more than half the 64-K RAMs
leaving its lines in Lubbock, Texas,
and Miho, Japan, meet the 150-ns
access standards. Thus TI scemingly
can compete with what it has now;
the Dallas, Texas, firm will not say
whether it has an upgrade in mind.
Higher charges. After nine months
of fine tuning, Motorola will begin
volume production of its new 64-K
chip in November. To boost per-
formance, the Austin, Texas, MOS
memory operation improved circuit
design and devised a new dic layout.
The process remains the same as
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that used for the current 64-K RAM:
the company’s n-channel silicon-gate
H-MOS (high-performance) technol-
ogy. However, Motorola will move
up to 5-inch wafers for the new part,
which will be produced initially at
Mesa, Ariz.; later the part may be
produced in Europe and in Japan.
Chief among the cell design
changes is an enlarged storage
capacitor. It doubles the amount of
stored change to 280 femtocou-
lombs. As a result, the chip is less
susceptible to soft errors, and in fact
none occurred during tests totaling
more than 2 million device hours.
The new die layout splits the
array, adding an cxtra set of decod-
ers to cut the polysilicon word line in
half. “By halving the word line, we
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Better halves. To upgrade its 64-K RAM, Motorola added a second line of row decoders (the two vertical bands). They split the cell array into
smaller blocks and halve the word line, speeding access to the storage cells. Over half the chips with the new design have 150-ns ratings.
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significantly speed up the part,”
explains David C. Ford, Motorola’s
Strategic marketing manager of
MOS memories. These changes, he
insists, are transparent to users of
the current 64-K chip.

Because yields have been accepta-
ble, Motorola decided not to put
redundant memory cells on its die.
“We continue to evaluate it [redun-
dancy], but at the present time we
feel pretty comfortable with what we
are seeing.” Ford says.

Speedsters. He also finds no dis-
comfort in the speeds of the new
chips. Over half of the new 64-k
RAMs achieve 150-ns row-ad-
dress—strobe times, he reports. But
the RAS speeds must be matched
with fast column-address—strobe
times before dynamic RAMs will
work as high-speed parts in a num-
ber of memory applications, Ford
cautions.

So Motorola improved the CAS
time for its 150-ns part, giving it an
address strobe ratio of 2:1. “We will
be offering a 75-ns column-access
time, which is better than most
expectations even for 1982,” he says.
In addition to the 150-ns parts, there
will be 120- and 200-ns ratings in
the new 64-K RAM line.

Because Motorola wrought its
improvements strictly through cir-
cuit-design changes, Ford figures
another boost in performance will
come from bettered process technol-
ogy, such as refractory metal sili-
cides. “We are confident that within
a year we will have a low sheet p
polysilicon process that is ready to
run in volume,” Ford reports. “This
will of course result in another
increase in speeds.”

Motorola, in fact, plans to use this
new process for the 256-K RAM it is
developing. Meanwhile, the compa-
ny plans to gradually phase out its
first-generation 64-K device, which
is now running on a 4-in. wafer line
in Mesa.

Fast followup. Mostek plans mass
production of its new 64-K RAM in
the first quarter of 1982 —Iless than
half a year after it began volume
deliveries of its current part. Among
the changes in the new MS4564 are
redundant memory cells and an
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increase in address speed distribu-
tions. But Mostek will not start mak-
ing use of the redundant cells, which
create a fault-tolerance device, until
later in the year, says Tim Propeck,
memory product marketing manager
of the Carrollton, Texas, firm. The
4564 will be available in 250-, 200-,
and 150-ns versions.

Despite the new version waiting in
the wings, Mostek is ramping up
production of its current 64-K
device, which is being manufactured
in both Carrollton and Colorado
Springs, Colo. “We are shipping
1,000 per week now, and it looks like
our fourth-quarter volume is going
to be in the 250,000 to 300,000
range,” Propeck estimates.

Meanwhile, Intel is putting the

finishing touches on its new 64-K
chip, which it plans to begin shipping
in late 1981.

The Santa Clara, Calif., firm
pulled its 2164 64-K RAM off the
market earlier this year after spot-
ting problems in the zero-level-sens-
ing mechanism. With the new
device, Intel will be offering 150-ns
RAS speeds for the first time.

Redundancy is being retained on
the second version, but the die size
has been reduced from 161 by 317
mils to 137 by 269 mils. Intel tight-
ened the chip’s geometry and
changed the process to reduce the
metalization pitch from 9 to 7.5
micrometers. It kept a polysilicon
fuse technique to implement redun-
dancy or the RAM.

Local networks

Data bursts, repeated up to 10 times,
conqguer spikes on ac supply lines

Alternating-current power lines are
a poor medium for local data com-
munications because of the random
noise spikes that blast through
them—or so says conventional wis-
dom. However, a new firm in Santa

Barbara, Calif.,, claims otherwise
and is readying a small terminal it
says has whipped the noise problem
in tests.

An ambitious undertaking, the
006 terminal by Evince costs only

20-CHARACTER
—>  THERMAL
PRINTER
DATA 2-K-BY-8-BIT
CENTRAL RANDOM
PROCESSING ACCESS
UNIT ADDRESS MEMORY
20-CHARACTER
DISPLAY
T Y
RECEIVER AND T
DRIVERS Y el 220
3 240 Vac
' i CARRIER
CURRENT =
KEYEORRD TRANSMITTER
T POWER
T e SUPPLY

Through the spikes. Evince's under-$300 terminals interconnect through a building's regular
ac power lines. Data gets through because the processor repeats it up to 10 times.
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$250 to $300, yet uses the advanced
digital signal-processing technique
of time-domain transfer. In penetrat-
ing the spikes using this technique
instead of the often-used Fourier
transform, it will transmit each mes-
sage in 10-bit parallel data bursts
repeated up to 10 times.

The data bursts are structured to
remain on line as long as possible.
This way, even an overwhelming
noise spike can destroy only a part of
the signal, says William J. Parrish,
vice president for research and
development. He is reluctant to dis-
cuss specifics of the data-transmis-
sion scheme for proprietary reasons.

Typical throughput for the termi-
nal will be 960 bits per second, with
higher rates possible. A 512-charac-
ter message, for example, would be
sent in about 40 seconds.

Because transformers are best
penetrated by low frequencies, a 10-
kilohertz carrier frequency is con-
templated. Parrish says the firm
does not expect to encounter any
problems from power utilities—the
owners of the transmission lines.

The most difficult design task was
to anticipate noise conditions on 60-
hertz power lines, “which can vary
by an order of a magnitude in
impedance and levels,” says Parrish.
“Qur terminal must be able to pene-
trate this whole spectrum.”
Switching industrial lights and turn-
ing on motors cause the high-ampli-
tude, short-duration spikes.

The terminal is planned to have an
alphanumeric keyboard, a 20-char-
acter vacuum fluorescent display, a
20-character-per-line thermal print-
er, and a central processing unit
based on an 8-bit microprocessor. “It
is a bottom-up approach for people
who don’t need expensive Ethernets
or Z-nets,” says Evince president
Jacob Y. Wong.

The 006 will have a range extend-
ing up to 200 yards and will handle
low-level networking jobs in offices
and factories, including teletypewrit-
er communications and the transfer
of industrial-process control data, he
points out. It will have wall-plug por-
tability.

Started in August 1980, Evince
employs some 50 people and does its
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volume manufacturing out of Hong
Kong. Wong says the company has
already shipped $500,000 worth of a
simple interoffice communications
setup whose central display sells for
$140, with calculator-sized remote-
input units priced at $45. The unit,
which like the upcoming 006 relies
on ac lines, is programmed with 25
commonly used messages like “hold
all calls” or “in a meeting,” which
are shown by light-emitting diodes.
Development of the 006 is 80%
completed, and all of the front-end
engineering is finished, says Parrish.
Now in the planning stages is an
interface gateway computer similar
to the 006 that can link computers,
either directly or by telephone line.
“With our terminal, ac lines will
soon be recognized as a viable [data-
transmission] medium,” Wong pre-
dicts. -Larry Waller

Business systems

lowa stores try
electronic payment

Jowa’s reputation as a pacesetter in
electronic funds transfer got another
boost this month, thanks to a new
point-of-sale system installed for
testing in a Des Moines supermar-
ket. The system is touted by its sup-
plier—NCR Corp., Dayton, Ohio—
as the first to let shoppers pay for
their groceries electronically by us-
ing a plastic card instead of money
at the checkout counter.

When the checkout clerks ask for
payment, a consumer choosing to
pay electronically simply pushes a
bank-issued debit card through a
magnetic strip reader and punches a
personal identification number into a
small keypad. Through an in-store
computer, the checkout terminal is
tied into lowa’s statewide EFT bank-
ing network. Within 15 seconds, says
NCR, the transfer of funds from the
customer’s checking account to the
store’s account is complete, and the
register prints out a paper receipt.

If the Towa test is successful, it
could touch off a wave of new activi-
ty in the EFT field, which in recent

years has seen rapid growth in cash-
dispensing automated teller ma-
chines [Electronics, March 27, 1980,
p. 961.“I expect we'll see a brief pe-
riod while people look at what hap-
pens in this particular system; and
then, I wouldn’t be surprised to see a
flood of similar systems,” says Wil-
liam R. Moroney, head of the Elec-
tronic Funds Transfer Association in
Washington, D. C.

Not surprisingly, NCR thinks so
too. A second Dahl’s Food Mart will
be equipped next month as part of
the Towa test, and NCR says it has
several similar projects under devel-
opment elsewhere.

The company hopes to begin mar-
keting the card reader and keypad as
part of its regular product line dur-
ing 1982. By 1984, predicts Daniel J.
McCarthy, NCR retail systems vice
president, such systems could be-
come commonplace.

Not all, however, agree. Consum-
ers and retailers are not yet ready to
accept direct EFT payment systems,
says Johnny Humphreys, vice presi-
dent and general manager at Na-
tional Semiconductor Corp.’s Sys-
tems division in Sunnyvale, Calif.

POS scanning equipment “took six
years to really catch on from the
time that some people thought it
might,” he points out. National is
designing its present product line
with an eye toward accommodating
EFT eventually, but has no current
plans to test the technology, Humph-
reys says.

In the cards. In the Iowa test, nine
NCR 255 POS terminals at a Dahl’s
Food Mart in Des Moines are tied
via phone lines into the Towa Trans-
fer Systems (1TS) —a shared network
that links 110 Towa banks. The net
employs 231 automated teller ma-
chines that serve an established
cardbase of about 500,000 users,
says ITS Inc. president Dale A.
Dooley. Brought on line in February,
1977, the system was the first state-
wide EFT consumer banking network
and is considered state-of-the-art
today.

When a shopper decides to use the
new pilot system to pay electronical-
ly, transaction information is trans-
mitted at 4,800 bits a second to a
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central switch in Des Moines, which
logs and verifies the data before
sending it on to one of nine data-
processing centers that service par-
ticipating banks. Each transaction
message contains between 40 and 60
8-bit characters, including the cus-
tomer’s personal identification num-
ber, account information taken from
the magnetic strip, terminal infor-
mation, and transaction codes,
Dooley says. When the funds trans-
fer is complete, a message is relayed
through the switch back to the ter-
minal. The data centers employ 1BM,
Burroughs, and NCR mainframes;
the switch uses redundant NCR 8455
mainframes. -Wesley R. Iversen

Components

Laser phased arrays
shine from a chip

Laser phased arrays have reached
the planning stage at several re-
search organizations, but Aerospace
Corp. may be the first to get one up
and working. The lasers are of the
gallium-aluminum-arsenide semi-
conductor type.

p-ISOLATION LAYER OF
GALLIUM ALUMINUM
ARSENIDE, GaggAlgos As

However, it is hard to grow high-
quality GaAlAs layers and integrate
on one chip all the array’s compo-
nents. These include not only the
lasers and a distributed Bragg reflec-
tor for stabilizing their output, but
also other Bragg devices for expand-
ing the beam vertically and an out-
put coupler for accomplishing the
same expansion horizontally among
other components.

All together. So far, Aerospace
has put lasers and a distributed
Bragg reflector on one chip, as
shown in the figure, and demon-
strated the other elements separate-
ly. The chip marries distributed
semiconductor lasers to optical feed-
back based on Bragg scattering. The
company is dedicated to putting all
components together over the next
three to five years, says Gary A.
Evans of Aerospace’s Electronics
Research Laboratory in El Segundo,
Calif.

Aerospace plans to put 10 to 20
lasers on a chip 0.5 centimeter
square. Output power, with the indi-
vidual laser outputs adding to each
other, would be between 0.1 and 1
watt, far more than the milliwatt
output of individual semiconductor
lasers.
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Reflections. A distributed laser array being d

GaAs SUBSTRATE

eveloped by Aerospace uses gallium arsenide

emitters with varying proportions of aluminum substituted for gallium, as shown. Light
reflected from a Bragg grating serves to stabilize output wavelengths,
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As for potential users, communi-
cations engineers at the Air Force
Space Systems division next door to
Acrospace say they will be interested
in the device—when the arrays are
actually built. Such arrays could
well substitute, industry sources say,
for the large neodymium:yttrium-
argon-garnet lasers the Air Force is
contemplating for its laser-commu-
nication system of the late 1980s.
The result may be a more flexible
and reliable system.

Optical gratings. Aerospace has
integrated its GaAlAs lasers with
Bragg-effect gratings having a 0.35-
micrometer period. The result is
called a distributed laser because of
the extended valleys in which Bragg
scattering—the optical feedback
mechanism —occurs. Laser action
occurs in the active regions, with
charge injected from n- and p-type
regions (“isolation” in the figure).

Altogether six layers—the buffer
through the cap—are grown with
liquid-phase epitaxy, and the mesas
are formed by removing the top
three layers. The exposed waveguide
layer is then patterned by holograph-
ic photolithography to form the cor-
rugated grating structure. Oxide
passivation follows and after that
metal contacts are deposited and
patterned to complete the device.

Light output from each laser trav-
els along the waveguide layer and is
scattered by the diffraction grating.
Scattered light of a particular wave-
length, determined by the grating
geometry and refractive index, will
constructively interfere with the inci-
dent beam, according to Bragg’s law,
while slightly different wavelengths
will interfere destructively and can-
cel each other out.

As a result, only one wavelength
contributes to the output beam. The
device in the figure would be cleaved
in the middle of the valley.

Stable beam. But the big advan-
tage of combining a Bragg reflector
with lasers is the temperature stabili-
ty of the output beam’s wavelength.
In a standard semiconductor laser,
the change in bandgap energy with
temperature results in an output-
wavelength shift of approximately 3
angstroms per °C. In a distributed
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Bragg-reflector laser, that bandgap
shift is present but not important,
because the Bragg reflections still
occur at the given wavelength. The
only temperature dependence of
Bragg scattering results from a
much weaker temperature depen-
dence of the waveguide’s index of
refraction. -Larry Waller

and Roderic Beresford

Production

Robot loads bases,
leadframes in boats

In one hour, six diligent people can
load some 6,000 carriers—or secal
boats, as integrated-circuit makers
call them—with ceramic bases and
lead frames that then travel on to an
oven to become ceramic dual in-line
packages.

Such jobs are threatened by a
$39,000 robot in the final stages of
development at Conceptek Corp.
The CT-10,000 has a top throughput
of 10,000 parts an hour, as its cata-
log number suggests. But Greg De
Luca, president of the eight-year-old
Tucson, Ariz., firm says the robot
usually will handle 6,500 parts an
hour.

The robot needs a little help from
a2 human friend to load, start, and
stop it; otherwise it is on its own. At
the outset, 30 trays are delivered to

it, each holding 200 bases, for a total
of 6,000 parts. The robot arm sucks
up 200 bases at a time and deposits
them on an air-flotation loading
table. From there, the bases slide
down a chute in lots of 10 and are
placed one by one in the seal boats,
each of which holds 20 bases. Fiber-
optic sensors determine the position
of the boat.

Glassed in. The boats then travel
on a conveyor belt until another
fiber-optic sensor determines the
bases in them are in position for
placement of lead frames. Finally
the assemblics enter the oven, which
can be interfaced with the robot,
where the frame is fixed to the base
by being embedded in a glass seal.

Human intervention is required,
from time to time, to keep the robot
supplied with parts. To achieve
6,500 assemblies per hour, it needs a
new supply of bases every 55 min-
utes, seal boats every 10.5 min, and
lead frames every 2 min. An optional
$6,500 carrousel loader increases the
latter interval to 45 minutes.

Although some semiconductor
firms are developing'in-house ma-
chines to automate this portion of
production, “this is the only one with
robotics,” reports one IC maker who
has seen the system. “It’s an inter-
esting concept. Mechanically, it’s
quite impressive.”

On the table. Another Tucson
firm, Modular System Research
Inc., devised the robot’s control sys-

Fast worker. A robot arm that sucks up 2000 ceramic pieces at a time paces this automatic
assembler, which loads bases and lead frames into IC seal boats faster than six humans can.
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tem. A single Intel 8085 will oversee
nearly all the machine’s functions,
says Claude Ceccos, research direc-
tor at MSRI. The operating system
works off state tables, which it
checks in order to determine the sta-
tus of the machine and hence the
next operating step.

The microprocessor, which will
use an estimated 8-K of program-
mable read-only memory and 1-K of
random-access memory, controls be-
tween 30 and 40 sensors plus another
25 pneumatic actuators. Mechani-
cally, the work gets done by servo
motors and pneumatic power. Servo
motors power the robotic arm and
elevate the base trays. The remain-
ing operations, like positioning lead
frames, use pneumatics. Air-con-
sumption demands are lower than 60
pounds per square inch, a pressure
generally available at offshore sites.

A choice. De Luca is still uncer-
tain whether the robots will be
offered as standard products or cus-
tomized. Each unit must now be
designed for a given number of leads
per chip and the size of the base, as
well as the type of seal boat involved.
Additionally, interfaces with the
ovens will vary, he says.

Whether standard or custom, the
list price will be $39,000, with dis-
counts available for quantity orders
having the same specifications. The
customized units currently take
three to four months to design and
produce, De Luca estimates.

The first robot will be delivered in
November to Motorola Inc.’s Semi-
conductor Sector in Mesa, Ariz. If
all goes well with final development
and the trial run at Motorola, De
Luca expects to sell about 100 robots
during 1982. -Terry Costlow

Photovoltaics

Seven-machine line
builds solar panels

If the U.S. photovoltaics industry
faces slow growth due to scarce gov-
ernment funding, the rest of the
world will forge ahead in solar-ener-
gy investments. That is what Spire
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Corp. is hoping for as it goes to
market this month with what it says
is the first commercially available
integrated assembly line for solar-
panel production.

Called the spi-Line, the seven-
machine system promises to produce
up to 1 megawatt’s worth of panels a
year, based on a single daily 8-hour
shift. System prices range from
$250,000 for 100-kilowatt capacity
to $500,000 for 1-MW capacity.

Three-quarters of the demand for
spl-Line will come initially from
start-up photovoltaics enterprises in
Europe, Japan, and Third World
countries, projects Thomas E. Wil-
ber, marketing vice president of
Spire, based in Bedford, Mass. For
now, he says, “Europe shows the
greatest growth in private entrepre-
neurial ventures in photovoltaics
with countries like France, Spain,
and West Germany spending as
much as 50% more in this area than
the U.S.”

Cell mates. sPi-Line’s seven-
machine system takes finished solar
cells and assembles them to form
sealed and framed modules. Typi-
cally, the modules have 50 cells for a
50-watt output and measure 48
inches long, 16 in. wide, and 2 in.
thick. The assembly machines are
semiautomatic and may be linked by
optional automatic transport belts.

At the head of the line is a cell-
tabber that applies metal-plated rib-
bons, or tabs, to the face of each cell.
(The line can accommodate either
circular or rectangular solar cells.)
The machine reflow-solders one end
of each ribbon to the cell, and cuts
the other end to a length that will
allow later soldering to the back of
an adjacent cell in the solar-panel
array. The tabbed cells advance to a
tester-sorter, which performs go/no-
go tests and sorts the cells into one of
eight preselected output-level bins.

A cell-interconnect system then
aligns the cells into a panel array,
and again uses reflow soldering to
connect tab ribbons to adjacent cells.
A module-layup machine then places
the cell array on what will be the
panel’s base.

This base consists of a sheet of
Tedlar polymer, overlayed with a
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sheet of ethylene vinyl acetate (EVA)
and a fiberglass sheet that supports
and protects the cell-array intercon-
nections. Once the cell array is in
place on this substrate, the layup
system covers it with a second layer
of EVA and a glass cover that has
been specially cleaned and primed
by a glass-preparation station on the
assembly line.

Making sandwiches. This solar
sandwich then goes to a module lam-
inator, which heats it up to 150° C,
polymerizing the EVA layers. The
clear EVA encapsulates the solar
cells, and acts as an adhesive for the
module layers. After that, a module-
sealing and -framing system applies
an edge sealant. Finally, it puts on
the frame, completing the panel’s
construction.

Though the semiautomatic Spi-
Line’s 1-MW maximum capacity is
considerable—it represents last
year’s production at Arco Solar Inc.,
Chatsworth, Calif., a ranking U.S.
producer —Spire has some upgrad-
ing in mind, including the use of
robots. The company’s long-term
goal is a full line of equipment that
processes silicon wafers into solar
cells and then assembles arrays of
cells. -Linda Lowe

Computer networks

Stanford work station
migrates to industry

An inexpensive yet powerful com-
puter work station from Stanford
University is beginning to have a
significant impact outside academia.
Three Stanford designers have cre-
ated a company to license the design
to industry, where several designers
already have found it to be a versa-
tile systems building block.

Born from a Department of
Defense research grant and subse-
quently nurtured by two professors
and a graduate student, the Stanford
University Network work station has
already been licensed by vLSI Sys-
tems Inc. of Palo Alto, Calif., to five
industrial firms. Fifteen of the units
will soon enrich the university’s own

Designers’ choice. Stanford University de-
signed this wark station for in-house needs,
but it offers so much computing power at a
low cost that outside firms have licensed it.

computer network.

The station combines the power of
the Motorola MC68000 micropro-
cessor with the popular Intel Multi-
bus, 250 bytes of random-access
memory, an Ethernet link, and a
high-resolution graphics package. It
includes a keyboard, a mouse-point-
ing device, a video display similar to
that of the Xerox Star, and an elec-
tronics module.

Popular board. The work station is
built around three boards: the
central processing unit, a high-reso-
lution graphics board, and an
Ethernet board. The CPU board,
which a quarter megabyte of 64-k
RAM shares with the 8-megahertz
68000 and a Multibus interface, has
garnered immediate popularity. It
first appeared as the heart of the
CTS-300 computing system from
Codata Corp., Sunnyvale, Calif.
[Electronics, April 21, p. 215].

It is also being sold as a board
product by Forward Technology
Inc., Santa Clara, Calif., for $3,495
in single-unit quantities and by
Pacific Microcomputer Inc. of San
Diego, Calif. “By the end of the year
we expect to have licensed 15 pack-
aged products,” asserts Forest Bas-
ket, the Stanford professor who initi-
ated the project for DOD’s Advanced
Research Projects Agency.

Admirable architecture. Key to the
processor-board architecture is a
two-level, segment-page, multipro-
cess memory management scheme,
as well as two serial input/output
channels (Intel 8274), a timer chip
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with five 16-bit timers (AMD 9513),
up to 32-K-bytes of programmable
read-only memory, and a 16-bit
input port.

The on-board memory has parity
error checking and, according to
Stanford graduate student and vLSI
Systems president Andreas Bechtol-
scheim, “the incorporation of RAM
climinates the wait states experi-
enced through the Multibus.”

The memory management scheme
allows 16 contexts, or active pro-
cesses, which may each be further
divided into as many as 64 segments.
The power of the processor is, like
many, relative to the type of job
processed. “For timed-integer work,
it can have 40% to 50% the power of
a DEC/VAX 780, says Stanford
professor Vaughan Pratt, one of the
founding trio and a director of vLSI
Systems. “For 170 and floating-point
operations, it is considerably slow-
er,” he adds.

Cinematic. The graphics board
features a 1,024-by-1,024-bit frame
buffer, with 800 by 1,024 bits dedi-
cated to the visible display area.
“What you see is the left three-
quarters of the buffer. The right
quarter is used as a cache for font
storage and graphics symbols,” notes
Bechtolsheim.

It only takes 64 milliseconds to
write an entire frame buffer, which
gives the high-resolution display the
16-frame-a-second cinematic refresh
rate that permits nonflickering mov-
ing images. The graphics board will
first be used by iilmmaker George
Lucas to create effects for upcoming
secquels in the Star Wars saga,
according to VLSI Systems.

Networks. The Ethernet board fol-
lows Ethernet protocols, but operates
at 3 megabits rather than the maxi-
mum 10 Mb/s of the standard.

Bechtolsheim acknowledges that a
10-Mb/s board would be useful, but
points out that his board is consider-
ably less expensive than Intel’s 10-
Mb/s board. “It’s too expensive to
have a network interface in the over
$4,000 category,” he says.

His next project is to design a
color graphics board, and then the
company will turn to the design of a
10 Mb/s board.  -Martin Marshall

48

News briefs

CBS and AT&T set videotex trial in New Jersey . . .

They form a likely couple. CBS Inc. wants to get a feel for the kinds of
services that subscribers to videotex interactive home information systems
will buy; AT&T wants to add know-how in videotex terminals and computer
systems to its expertise in telecommunications. So the two will join forces for
a seven-month videotex trial, starting in the fall of 1982, in 200 households in
Ridgewood, N. J. For AT&T, this is its second serious look at videotex —the
company currently is evaluating the results of a 15-month trial conducted
jointly with Knight-Ridder newspapers in Florida.

. and Siemens buys rights to Canadian videotex technology

Telidon, the second-generation videotex technology developed in Canada,
may well end up as the de facto world standard for interactive home
information systems. Already Telidon has strong backing from the U.S.,
Australia, and Venezuela. This month it gained a foothold in Europe when
Siemens AG signed a contract with two Canadian companies —Norpack Ltd.
of Ottawa and Infomart Ltd. of Toronto—to acquire Telidon technology,
software, and hardware. Siemens will pay at least $10 million for its new
videotex capability, which will enable it to add an alpha-geometric option to
the European standard (CEPT) systems it now produces.

IBM restructures most its U. S. operations

Starting with the top group level, international Business Machines Corp.,
Armonk, N. Y., this month restructured its U. S. operations into three new
groups. All U. S. marketing will be handied by the new Information Systems
Group. Manufacturing and development will be realigned into two new
groups, one for large systems and a second for small systems and office
products. In early 1982, IBM will further spiit the Information Systems
marketing group into two new divisions, each of which will market the full IBM

product line to different sets of customers, a new strategy for the firm.

Production

Easy process makes
metal-core pc boards

Metal-core printed-circuit boards
have been around for some two dec-
ades, but they have not been particu-
larly popular, despite their superior
heat dissipation, because they are
hard to make and therefore costly.
The boards are likely to become
more prevalent, however, because
General Dynamics’ Pomona, Calif.,
division—with some help from the
U.S. Navy—has come up with a
new way of making them. The new
process is similar to standard multi-
layer-board manufacture, with just
two extra steps. What's more,
because it works on standard circuit-
board-lamination equipment, it is
widely accessible. The metal-core
boards, the company maintains, cost

only about 20% more than normal
epoxy boards and even less than
boards with external heat sinks.

Laminated twice. The company’s
method is a straightforward double-
lamination process, with the alumi-
num core material treated almost
like another layer. The first lamina-
tion cycle starts with a 0.050-inch
aluminum sheet that is predrilled
with oversize component- and
through-holes. Then an epoxy bond-
ing-stage is used to fill the holes,
coat the upper surface of the board,
and attach the upper copper sub-
strate. During this step, the epoxy
filling the holes is drawn through a
bleeder cloth and the excess ab-
sorbed by a blotter cloth, leaving the
resin flush with the bottom of the pc
board.

In the second lamination cycle,
epoxy bonding sheets and a copper
substrate are put on the lower side.
From this point on, the board is han-
dled conventionally, with excess cop-
per etched off to form circuit pat-
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LM363 revolutionizes
instrumentation amps.

NATIONAL'S NEW SINGLE-CHIP LM363:
HIGHER PERFORMANCE AND EASE OF DESIGN AT A LOWER COST.

Unequaled
performance
from an
instrumentation amp

World's best
complete
12-bit DAC

High-performance
A/Ds, D/As,
references
and more

Free literature

from the
National Archives
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Self-contained LM363 combines
higher performance and lower cost.
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STANDARD 3 OP AMP NEW LM363
INSTRUMENTATION AMPLIFIER. MONOLITHIC INSTRUMENTATION AMP.

The Practical Wizards’ new monolithic  resistors (and all the time and board space eliminate bandwidth loss due to shield capac-

LM363 obsoletes op amps used in that involves) or they could buy a costly itance. Also, compensation pins will be
instrumentation amplifier designs. module. available to allow simple low-pass filtering.
Well now there’s a low cost high-perfor-
National Semiconductor has made mance alfernative: National’s new LM363
designing with instrumentation amps consid-  monolithic true instrumentation amp.
erably easier than ever before. Totally self-contained. The LM363 (and
Until now, engineers had two choices its corresponding military version, the LM163)
when their designs called for a precision in- comes totally self-contained in an 8-pin T0-5
strumentation amp. They could either use package. It requires no external resistors for
three op amps and a handful of expensive accurate fixed gains of 10, 100, or 500 (one

gain per package). Very high precision is
LM363 PERFORMANCE SPECS** attained by using trimmed-on-chip thin film
resisfors.
The Practical Wizards designed the
GAIN LM363 with a super befa bipolar input stage
UNITS that yields very low input voltage noise, an

extremely low offset driff, and a high common
mode rejection ratio.
See the table below for typical values.

Versatility and ease of use. High perfor-
mance, however, is only part of the story.
National’s new LM363 is considerably

easier to design into Data Conversion/
Acquisition applications than it is to design

The low cost LM363 — now available for

one’s own instrumentation amp. This notonly 98 litle as $9.60* @100 pes. —is a perfect

e

. saves fime and effort, but board space and example of how National continues to revolu-

money as well. ’ tionize Data Conversion/Acquisition tech-
— For added versatility the internally set nology. .
Hz gains may be increased via external resistors. For all the details on the remarkable |
The LM363 will soon be availableina ~ NeW LM363, check box 090 on this issue’s

16-pin DIP, with pin-strap gain options of 10, Nafional Achives coupon. a
100, and 1000. The twin differential shield S, prices ory
driver pins on this version can be used to *Data shown represents typical values
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A graphic look into the world’s best,
complete 12-bit DACs.

The totally self-contained DAC1280A
and DAC1285A Series offers lower
power and higher speed than the
industry standard DAC80s, DAC85s
and DAC87s.

National Semiconductor now offers the
highest performance complete 12-bit DACs:
their new DAC1280A and DAC1285A Series.

These converters each contain their own
DAC, op amp, reference and feedback resis-
tors, ail on just three dice. That adds up fo
low cost and high reliability over the life of
the DAC.

In short, they provide higher perfor-
mance than any DAC80 product now avail-
able. (See the DAC cross-reference table
below for National’s pin-compatible upgrades
for standard DAC80s, DAC85s and DAC87s.)

12-BIT DAC
CROSS-REFERENCE TABLE

NATIONAL P/N ALTERNATIVE P/N

DAC1280AC  DAC80-CBI-V; DAC80Z-CBI-V
DAC1285C DAC85-CBI-V

DACI1285AC  DAC85LD-CBI-V

DAC1285A DAC87-CBI-V

The new industry standard is here.
National’s DAC1280As and DAC1285As offer
superior performance advantages over today’s
12-bit DACs, particularly in terms of speed
and power dissipation.

These fast converters settle to full scale
accuracy in only 300ns (current mode)

and 2.5us (voltage mode), while dissipating
only 500mWw.

The DAC1280A, for example, guarantees
maximum linearity error of +%2 LSB over the
entire 0°C to 70°C temperature range. It also
guorantees a +3% LSB differential non-lin-
earity and a precise 6.2V reference (+2%)
over femperature.

In addition, all specs are guaranteed

SETTLING TIME FOR 1 LSB CHANGE

FULL SCALE SETTLING TIME —10V TO +10V
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12-BIT WAFER HIGH SPEED
LASER TRIMMED

BIPOLAR DAC

overa =+ 11.4Vto + 15.75V supply voltage
range.

The DAC1280A’s complementary binary
logic inputs—also guaranteed over tempera-
ture —are compatible with TTL and CMOS
logic levels.

Self-contained reliability and price.
National’s 3-die design offers a variety of cost
advantages as well as reliability advantages.

Initial savings stem
directly from a less compli-
cated, and hence less
costly, manufacturing pro-
cess. But more importantly,
the standard IC construction
technique results in reliabil-
ity enhancements over the
other DAC80s. And that
means dependable perfor-
mance over the long ferm.

The new low cost, high
performance DAC1280A
and DAC1285A Series are
perfect examples of how the
Practical Wizards ot
National continue to over-
come industry limits in Data
Conversion/Acquisition
technology.

For complete details
on the world’s most reliable
—  12-bit DACs, check box
{  number 057 on this issue’s

National Archives coupon. 2
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Part of the reason why National leads in

technology:

Data Conversion/Acquisition

The Practical Wizards let their
technological leadership speak for
itself—in terms of price and
performance—for part of their wide
range of components.

No single semiconductor manufacturer
covers the Data Conversion/Acquisition
market as extensively as National. Their
DAC1280A, DAC1285A D/A converters and
LM363 instrumentation amps are just the
latest examples of the kind of fechnological
leadership that's expected of Practical
Wizards.

They already offer a broader selection of
higher performance components than anyone
else. The products featured below offer a taste
of where Data Conversion/Acquisition tech-
nology is going.

uP-compatible D/A converters.
National’s line of wP-compatible 8-, 10-, and
12-bit DACs offers:

® guaranteed monotonicity.

® low power dissipation.

® operates in voltage switching mode

for single supply fixed reference
applications.

® works with up fo =10V reference —full

four-quadrant multiplication.

¢ 3" center 20-pin package.

Their DACO830 Series of 8-bit D/A
converters provides:

o |inearity over femperature of 10- 9

and 8-bifs.

© gain tempco of 0.0006% FS/°C max.

Their DAC1006 Series of 10-bit D/As
also feature a linearity over temperature of 10-
9- and 8-bits.

In terms of 12-bit DACs, their DAC1230
Series features:

o linearity over temperature of 12- 11 -

and 10-bits.

@ gain fempco of 0.0006% FS/°C max.

uP-compatible 8-bit A/D converters.
National’s family of low-cost 8-bit A/Ds also
point up their leadership in Data Conversion/
Acquisition. Each of these high-performance
parts feature:

® easy interface to all microprocessors.

0 to 5V analog input voltage range
with a signal 5V supply.

® no zero or full scale adjust required.

e fofal error (including linearity, full
scale, and zero error) is just =% LSB
or =1 LSB.

© 100 usec conversion time.

Their ADCO801/02/03/04 converters,
for example, offer all this plus differential ana-
log input all in a.3" 20-pin DIP.

Add fo this their ADCO808/09, which
feature 8-channel multiplexers with latched
control logic.

To round out the family, their
ADCO816/17 A/Ds carry a 16-channel multi-
plexer with attached control logic in addition
to direct access to “comparator in” and “multi-

plexer out” for signal conditioning.

Precision references. National also
proves to be the industry’s best reference for
references. Because in addition fo offering the
broadest line of IC voltage references, this
family of parts includes:

o the lowest power available —12 W

(the LM385-1 .2V).
o the lowest drift available— .5ppM/°C

(the LM199AH).

e the lowest prices available—$.45*
@ 100 pcs (the LM329DZ).

o the widest range of voltages— Y2V fo
10.24V.

IC temperature sensors. Many Data
Conversion/Acquisition systems rely on tem-
perature sensors for accurate and dependable
analog data. National offers an exfensive line
of devices fo fill this need. Some of them, the
LM135 and LM335, feature:

e untrimmed accuracies of +1°C,

+3°C, and +6°C.

¢ frimmed accuracy— +0.3°C (+1°C

max.).

® temperature ranges available from

~55°C to +200°C.

o low prices start at $.95* @ 100 pcs.

For complete information on these and
other high performance Data Conversion/
Acquisition components, check the appro-
priate boxes on the coupon below. 2

*U.S. price only.

What’s new from the National Archives?1
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terns. The drilling and the second
lamination represent the two extra
steps compared with standard multi-
layer-board production processes.
But applying the epoxy one side at a
time, rather than to both sides at
once, has an advantage: it eliminates
most of the air bubbles that can
cause shorts later, when the holes are
redrilled and plated through with
copper to interconnect the layers.

High dissipation. In operation,
heat is carried from the board
through the mounting screws, which
also scrve as an additional ground.
The dissipation is far beyond that of
conventional epoxy boards. In a test
of boards in actual use, the prototype
metal-core board was run at four
times the current level of a similar
epoxy board—a level that would
have burned up the latter. After six
minutes, the temperature of the
components on the prototype rose
from 75 to 136°F, only 12°F higher
than the rise for the epoxy board’s
components.

As a result, General Dynamics is
confident enough in the boards and
their manufacture to use them in the
autopilot regulator board for the
Standard Missile 2, which will be
shipped to the Navy next year. The
development was partially funded by
the Naval Ocean Systems Center’s
manufacturing technology group in
San Diego. NOSC is preparing to
release process information.

“It’s a rather simple way to do the
job for those who have lamination
presses,”’ says George Messner, se-
nior scientist at PCK Technology, a
Melville, N. Y., firm now research-
ing polymeric coating of metal-core
boards. That method, currently used
in large numbers for telephone cir-
cuits by Western Electric Co.,
requires much more capital equip-
ment than GD's method.

Litton Industries Inc. has for 10
years also been making metal-core
boards, forcing powdered epoxy into
the through-holes under pressure
and temperature. This method yields
approximately the same results as
General Dynamics’ double-lamina-
tion process, but requires special
handling to avoid contamination
from the powder. -Terry Costlow
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Microprocessors

AMD changes tune
for 16-bit families

Advanced Micro Devices Inc.
touched off a ripple of surprise
among semiconductor people three
years ago when it launched an
aggressive advertising campaign pro-
claiming that the AmZ8000, its sec-
ond-source version of Zilog Inc.’s 16-
bit microprocessor, was better than
Intel Corp.’s competing 8086.

This month, AMD made waves
again—so the cartoon character who
touted the Z8000 over the 8086 will
have to change his line. The Sunny-
vale, Calif., company has signed a
10-year contract to back the 8086
with Intel of neighboring Santa
Clara. The move, notes AMD chair-
man Jerry Sanders, “is due mainly
to the demand from our customers.
They have been designing in the
8086 and we felt a need to swing our
mil-spec fabrication facilities to
where the market is going.”

Mask marvels. Under the con-
tract, Intel will supply AMD with
masks for the 8086 family and in
return receive masks for peripheral
chips that AMD developed originally
for the Z8000. But there is more
involved in the deal than just the
8086 itself.

To start with, there's the 8087
arithmetic processor, the 8088 pro-
cessor with an 8-bit bus interface,
and the 8089 input/output proces-
sor. Then there's the 8200 family of
support circuits, including the 8251
communications interface chip. The
pact also covers the 8-bit 8051 sin-
gle-chip microcomputer and two
unannounced parts (presumably the
iAPX-186 single-chip microcomput-
er and the iAPX-286 microcomputer
with on-chip memory management),
as well as future n-channel MOS and
complementary-MOS upgrades to all
the chips involved.

With the hecadstart of masks and
test tapes, AMD figures it will have
sample quantities of the 8086 in pro-
duction during the first quarter of
1982, with 8088s to follow in the

LASER
MARK

Clearly the Best Mark
in the World

No more critical parts
geomefry, type pressure
problems, smearing or costly
downtime. The “inkless"
LaserMark® provides high
speed pulsed permanent
coding with no moving parts,
no wear, more reliability.
Code changes take only
seconds with a simple
template. Easy installation
and compatibility with most
equipment saves you money.

For marked samples,
performance data and
specifications, call

(613) 592-1460, Telex 0534503,
or write to: Lumonics Inc.,

105 Schneider Road,

Kanata (Ottawal), Ontario,
Canada K2K 1Y3.

* LaserMark is a registered
trademark of Lumonics Inc.
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Bourns research and development. You won't
find a stronger commitment to innovation any-
where in the resistive components industry.

It's been that way since 1952, when we intro-
duced the first miniature Trimpot® lead-screw
actuated potentiometers. We were first with low-
profile SIP resistor networks, too. And SIP and DIP
trimmers.

Today, our innovations continue: We've
developed the first Knobpot™ integral pot/dial
components and the first digital pushbutton pots.

There’s more to conie, too. Because we're
committed to maintaining the Bourns line as the
broadest, most technically excellent line of resis-
tive components available.

Learn more about the product line with
no equivalent. Write BOURNS, INC., Resistive
Components Group, 1200 Columbia Avenue,
Riverside, CA 92507. Phone: (714) 781-5050.
TWX: 910-332-1252.

In Europe: Bourns AG, Zugerstrasse 74, 6340

Baar, Switzerland. Phone (042) 33-33-33. Telex:
845-868722.

Ir Japan: Nippon-PMI Corporation (Bourns Products
yivision), Haratetsu Building, 4-11-11 Kudan Kita,
Chiyodaku, Tokyo 102, Japan. Phone: 234-1411.

(é(;‘,UgRNS'
THERE IS NO EQUIVALENT.
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Now Dexter Hysol
gives you two new ways to
assemble even better
products.

Hytrust™ modified
acrylic adhesives and
Super Drop® cyanoacrylate
adhesives.

On the production line,
both replace old-fashioned
fastening methods like
riveting, welding and
brazing. So you can
assemble products faster—
and at less cost.

Meanwhile, these
versatile Hysol adhesives

SMART PLANT MANAGER DISCOVERS
TWO NEW OFF-THE-SHELF SOLUTIONS FOR
REPAIR AND ASSEMBLY PROBLEMS.

are great for general plant
repairs and maintenance.
Fixing worn and broken
machinery, bolts, valves,
pipes and switches.

So your productior line
won’t come to a halt while
you wait for a repairman or
replacement part.

Our Hytrust modified
acrylics are the most
practical way to bond
practically any surface.
They cure quickly at room
temperature. And resist just
about any solvent, including
moisture.

Our Super Drop
cyanoacryiates are more

than the fastest curing

line of adhesives on the
market—they offer two new,
advanced generations of
instant bonding technology.
With unique characteristics
for unsurpassed
performance. No matter
what the application.

To find out more about
Super Drop cyanoacrylates
or Hytrust modified acrylics
for assembly and repair, just
write or call Dexter Hysol
today.

Don’t wait for the idea to
hit you on the head.

HYSOL DIVISION

THE DEXTER CORPORATION

285C Willow Pass Road,
Pittsburg, CA 94565.
(415) 687-4201.

HYSOL

F
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Reagan to upgrade
military C? systems
in extensive overhaul

FCC wants to cut
satellite spacing

Senate approves
AT&T expansion

FCC postpones
deregulation date for
telecom gear

Electronics/October 20, 1981

Dramatic improvements in strategic command, control, and communica-
tions (C?) systems have high priority in the Reagan Administration’s
many-pronged, $180.8 billion program to upgrade U. S. strategic offensive
and defensive weapons over the next several years. Some $10 billion to $15
billion is earmarked for C? from fiscal 1983 through 1988. Says a
Pentagon report: “We will initiate a vigorous and comprehensive research
and development program leading to a communications and control system
that would endure for an extended period beyond the first nuclear attack.”
The Pentagon plans to improve the survivability, performance, and cover-
age of early-warning satellites and radars, including the construction of
two additional Raytheon Pave Paws radars in the Southeast and South-
west. It also plans to upgrade the survivability and capability of command
centers such as the E-4B and EC-135 airborne command posts and to
develop very low-frequency and low-frequency communications receivers
for deployment aboard bombers. It also will develop a new satellite
communications system with high-frequency channels to ensure two-way
communications between commanders and forces.

The Federal Communications Commission will call for industry comments
in late October on a proposal to reduce communications satellite spacing in
orbit from 4° to 2°. The move would involve only satellites using the 4- and
6-GHz frequencies. The change is needed because of the number of new
satellites being proposed by industry over the next five years. With 4°
spacing, there are approximately 18 slots suitable for domestic satellites
without using the marginal areas. By reducing spacing to 2°, the number of
usable slots would increase to 36, yet satellites would still be separated by
about 200 miles in their 22,300-mile-high orbits.

A landslide 90-to-4 vote marked the passage by the U. S. Senate of a bill
that permits American Telephone & Telegraph Co. to enter such unregu-
lated businesses as data communications through a separate subsidiary.
The Senate action comes after six years of debate over how to amend the
47-year-old communications law. While AT&T chairman Charles L.
Brown complains that, in mandating competition, the legislation “puts the
reins on us but gives spurs to everyone else,” he is pleased to see Congress
moving on a legislated solution to deregulation in the industry. The
Reagan Administration has promised AT&T that the Justice Department
will drop its massive antitrust case against the telephone company as soon
as Congress writes legislation that will protect the Bell System’s competi-
tors from encounters in the marketplace with an AT&T subsidiary that is
too closely tied to the resources of its monopoly parent.

The Federal Communications Commission has extended from March 1,
1982, to Jan. 1, 1983, the date for deregulating new telephone and
terminal equipment installed in homes and businesses. The commission
found that the communications carriers and the Government would need
this additional time to put into effect its April 1980 decision to stop
regulating this equipment and enhanced telecommunications services. But
the commission decided that it will phase in deregulation of the equipment
installed before Jan. 1, 1983. Telephone companies sought to deregulate
all equipment — whether new, installed, or for inventory —at one time.
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Washington commentary

The Shinto perspective

Nippon Telegraph & Telephone Public Corp.’s
president Hisashi Shinto was careful to describe
his visit to Washington last month as nothing
more than *‘getting to know America and its
people’ in Government and the telecommunica-
tions industry. Nevertheless, as Shinto got to
know Commerce Secrctary Malcolm Baldrige
and other Government officials, he was discrete-
ly advised that they are looking for NTT to open
its telecommunications equipment market to
U. S. suppliers fairly promptly.

As Baldrige put it in an interview the cvening
before his meeting with Shinto at the Depart-
ment of Commerce, “I am going to begin by
discussing our trade deficit and go on from
there.” In 1980 the U. S. trade deficit in tele-
phone and tclegraph cquipment alonc totaled
$156.7 million, up 60% from the year before
[Electronics, Aug. 25, p.57] and almost all of
that increase from Japan.

A broad view

But during a conversation that same cvening
at a special reception given by the Electronic
Industries Association’s Communications divi-
sion, Shinto remained adamantly noncommittal
about purchasing imports from America. While
speaking broadly about NTT’s interest in U.S.
mobile-ccllular-telecommunications and digi-
tal-private-branch-cxchange technologies—
areas where he concedes this country is leading
the world —the executive backed away from
questions about how much, if any, of these
markets in Japan might be opened to U.S.
vendors, and how soon. Yet only a few days
later NTT disclosed its planned new agrecment
with International Business Machines Corp.,
under which i8M will provide NTT with insight
on automated switch and computer production
technology in return for being admitted into the
NTT market.

NTT is unlike its counterpart, American Tele-
phone & Telegraph Co., in that it has no pro-
duction capability to match AT&T’s Western
Electric Co. But NTT is very much like AT&T in
other ways—not surprising since the latter
helped cstablish the Japanese company during
the U.S. occupation after World War II. Yet
NTT does operate with a government-approved
budget, unlike AT&T, and it is this issue that
Reagan Administration officials are using to
persuade the Japanesc government to prod the
Japanese company to open its markets to Amer-
ican technology. It is a hard, slow process.

Signs that the Japanese government is begin-

ning to respond to these pressures can be seen in
the recommendations of its Procedural Commis-
sion for Administrative Reform that NTT divest
itself of some of its operations, such as data-
processing scrvices. But NTT is resisting this and
other government proposals, much as AT&T
resisted the competition and change proposals of
the Federal Communications Commission in the
mid-1960s and the 1970s.

Evidence of this intransigence abounds in the
comments of American suppliers anxious to
compete in the NTT market. “NTT may say it is
opening up, and show you the proposal requests
to prove it,” says one exccutive of a major U. S.
telecommunications producer. “But you can’t
belicve it when you receive a copy of the propos-
al between 30 and 90 days before its due date,
during which time you arc expected to analyze
it, respond, and have that responsc translated
into Japanese. You know you are not going to
win. It is much like doing business with an
American agency like the Department of
Defense: if you don’t learn of the competition
until it is formally published, you might as well
forget about bidding.”

A sccond U. S. executive cites another prob-
lem in NTTs approach. “The quantities of
cquipment are often small”™ in NTT’s proposal
requests, he says. “They are not worth the
administrative effort to prepare a bid unless you
can offer off-the-shelf hardware. And that’s not
very often.”

A world role for NTT?

About all the above complaints demonstrate
is that NTT has learned well from its creators in
this country. What is more fascinating to some
U. S. telecommunications executives is that NTT
may now be in the process of Icarning even more
from AT&T about competing in new domestic
and world markets. What intrigues them about
the new NTT-1BM relationship, for example, is its
suggestion that NTT, because it lacks a manu-
facturing capability, may be considering similar
coalitions with other hardware makers as a
means of joining Japan’s telecommunications-
equipment export brigade.

The Sccretary of Commerce and the U.S.
Trade Representative would do well to factor
that prospect into their planning for the longer
term. For, while they concentrate their efforts
on breaking down Japanesc barriers to a U. S.
entry into NTT’s domestic markets, they may
onec day discover that NTT has broken out as a
supplier to the rest of the world. -Ray Connolly
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The Sprague Monolithic Arrays That Provide
the Muscle of 8 SCRs in a Single DIP.

Sprague UTN-2886B and UTN-2888A SCR
arrays are expressly made for use with micro-
processors which are strobing power loads.
Compatible with TTL, LSTTL and CMOS, they
will interface to high-current loads including
lamps, relays, and solenoids.

Each array contains eight SCRs with integral
current limiting and gate-to-cathode resistors.

The combining of SCRs in one DIP reduces
component count, assembly time, and circuit
space while improving overall circuit reliability.
Each of the isolated devices within the array is
capable of continuous and simultaneous oper-
ation at 200 mA or 250 mA, at ambient temper-
atures to +50°C. The arrays operate from an
unfiltered half-wave (50 or 60 Hz) or full-wave
(100 or 120 Hz) rectified source.

Sprague World Trade Corp.—3, Chemin de Tavernay. 1218 Geneva. Switzerland Tel. (022) 98 40 21

Sprague France S.A.R.L.—2 ave. Aristide Briand, F-92220 Bagneux. France. Tel. 6 55 19 19

Sprague Electric (U.K.) Ltd. —Salbrook Road. Saifords Redhill. Surrey RH1 5DZ, England. Tel. Horley 5666
Sprague Elektronik GmbH —Darmstéadter Landstr. 119-125. 60C0 Frankfurt/Main 70 Germany. Tel. C611-6055-1

Sprague Benelux--B.P 104, B-9600 Ronse. Belgium. Te! 055-21 53 02

Sprague Italiana S.p.A.--Via G. de Castro 4. 1-20144 Milano. Italy. Tel (02) 498 78 91

Sprague Scandinavia AB—Invernessvagen 6. S-182 76 Stocksund, Sweden. Tel. 08-85 02 20
Semicaps —Gammel Kongevej 148, 5 DK-1850 Copenhagen. Denmark. Tel. 01-221510

Field Oy —Veneentekijantie 18. SF-C0210 Helsinki. Finland. Tel 90-69 22 577

Racom Electronics Co. Ltd. —PO. Box 21120, IL-Tel Aviv, Israel. Tel. 03-45 31 51

Bianchi S.A. —Apartado 220, E-San-Sebastian, Spain. Tel 943 16 20 45

Electronics /October 20, 1981
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DO YOU
REALIZE WHY
THE OTHER
32-BIT
COMPUTER
COMPANIES ARE
SHOWING OFF
THEIR
HARDWARE?



PRESENTING
MV/8000 :
SOFTWARE.

You're looking at the biggest
library of 32-bit computer software
in the business.

We point this out not to un- ¥
derplay the hardware of our total
ECLIPSE MV/8000 * system,
but because every industry observer
we've heard is saying that software
has become even more important
than hardware.

world have SNA, RCX70
(3270),RJE80 (2780/3780)
and HASP II. And you can run
in the X.25 world or SNA world.
Or both at the same time. For the
first time in this industry.
DATA MANAGEMENT.
Here again you have a choice.
If you're after productivity, you have
our CODASY L-compliant, DG/
DBMS software with design and
development aids. Or our INFOS®

I1 file management software.
TRANSACTION
PROCESSING.

We've given our Transaction

And in this regard, we E | ’;’270 Processing Management Software
have some very important 27%/3780 ) (TPMS) a strongly interactive
software. VHASPH design/development capability.

We have made 1t : ' DBMS Sophisticated security feat -
easter for application de- CODASYL ures. And simple recovery

signers to design, pro-
grammers to program.
And users to use.

We have made it
compatible with our

= procedures. And it’s fully
integrated with both
COBOL and PL/I. And
for ultra-high- speed data
entry, there’s DATA -

existing software. . - DAaTA ENTRY PI}EP" key- to-disc
And flexible enough ANy software.

to work whatever M cosoL APPLICATIONS
way you like to DEX EIG%PANé‘%ET

work.
Wherever '

worldwide stand-
ards exist,

we've followed

them. (We're

even peacefully co-
existing with IBM’s ™~
standards.)

We've made our
software friendly, interactive. Every
software product you'll need for com-
mercial, scientific or communications
applications development is here.
And ready to go.

SYSTEMS RESOURCE
MANAGEMENT.
Data General AOS/VS 1s
the most advanced 32-bit operat-
ing system in the world. Period. With a Command Language that is
the same for both batch and interactive processing. A HELP com-
mand. A Sysgen so interactive you don't even have to look at the doc-
umentation. Resource Usage Accounting and Security.
Not added on. Built in.
COMMUNICATIONS.

Those who prefer working in the world of international standards

can use our X.25 XODIAC ' networking. Those who want IBM’s

All seven of the
most popular lang -
uages. All 32-bit.
All to industry
standards (where
industry standards

exist). All user-
friendly, interactive.

PRODUCT -
IVITY AIDS.
This is where you can
affect the bottom line most. With our full
line of user-friendly, interactive aids.
Including an automatic COBOL. pro-
gram generator. | RENDVIEW™
interactive business graphics software.
Word processing. Database inquiry
and a source level language debugger.

FINALLY. THE ECLIPSE MV/8000 HARDWARE.

If, after reading all this information about MV/8000 software
you are disturbed to find nothing about the ECLIPSE MV 8000
systems hardware, write us at ISD Marketing Communications,
Data General, 4400 Computer Drive, Westboro, MA 01580.

We will even include some very impressive four color photo-
g-aphy of our 32-bit hardware. Just like you see on all the other
pages of this publication.

¢vDataGeneral

ECLIPSE MV 8000, XODIAC, and TRENDVIEW are trademarks, INFOS and DATAPREP are registered trademarks of Data General Corporation
(€ 1981, Data General Corporation.
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GaAs oscillator,delays only
17.1 ps per stage: page 73

Substrates 2 inches square are basic to a highly automated
production line that can process 320 hybrid circuits an hour: page 76




THE ELEGTROHOME
DIFFERENGE.

GET IT WITH THE FULL LINE OF ELECTROHOME

VIDEO DISPLAY.

When you choose Electrohome

®m video displays, you're in good
company. All over the world,
experts in many fields including
data, graphics, broadcast, medical
education and industry, demand
the proven dependability of
Electrohome. They count on the
Electrohome difference.

Electrohome offers a broad

selection of competitively-priced
video displays. Attractive, durable,
color and monochrome products
are available in screen sizes

from 5 irches to 6 feet Breadth
of line..it's an important part
of the Electrohome difference.

At Electrohome, we realize tha:
everyone's needs aren't standard,
so we will build video display
units to meet your special require-
ments. Custom flexibiiity...that's
part of the Electrchome difterence.

Don't settle for seccnd best—
get the Electrohome difference.
For complete information on
video displays with the difference,
contact nus

ELECTROHOME

809 Wellingtor: St. N, Kitchener, Ontario, Canada N2G 4J6. Telephone (519) 744-7111. Tel=x 969-55449
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Japanese microcomputer
uses silicon software

Strong dollar dims
Western Europe’s 1981
electronics growth

Telefunken, Bosch
to make telecom deal

Japan to liberalize
carrier services

Electronics/October 20, 1981

International newsletter

Japan’s first solid-state—software microcomputer is how Nippon Electric
Co. bills a low-power complementary-MOS microcomputer that includes a
tiny Basic interpreter in 5-K bytes of read-only memory and 128 bytes of
random-access memory on chip. Among many other silicon-software
products to follow from NEC, says associate vice president Tomihiro
Matsumura, will be a real-time operating system for the 8086 similar to
Intel’s iRMX-86 and a microcomputer with an interpreter for a full
Japanese industrial standard version of Basic. He predicts that by 1985
there will be a crossover between production of microcomputers for
machine language and those for high-level languages.

The new uPD7901G interfaces directly with a keyboard so that the
addition of a liquid-crystal-display controller and external memory for the
user’s programs turns it into a pocket computer. It is also suitable for
industrial applications because of the ease of writing software.

At 1980 exchange rates, Western Europe’s entire electronics market in
1981 in would reach $103 billion—an 8% increase over the previous year,
estimates the 1982 Yearbook from Mackintosh Consultants Ltd. of Luton,
Beds. But the strong appreciation of the dollar will turn that growth into a
decline of 7% to $97 billion. In terms of local currencies, the largest
European market, the Federal German Republic, will expand around 7.5%
in 1981; France will spurt 15%; and the UK will be up 9.6%. In particular
sectors, data-processing equipment will be up 13.5% at constant 1980
exchange rates but down 4% in U. S. dollars in 1982. In semiconductors,
however, the apparent slump in the market-place produced by exchange
rate variations is real, dipping 7% in 1982 —for Europe as a whole, from
$4.4 billion in 1980 to $4.1 billion in 1981. Integrated circuits will share
this decline but in 1982, says Mackintosh, should bounce back 15% to $3.1
billion.

Watch for an agreement to be hammered out this month between West
Germany’s AEG-Telefunken and Robert Bosch GmbH, giving the latter a
20% to 25% share in each of three AEG-Telefunken communications
activities: Telefonbau und Normalzeit, a producer of telephone exchange
systems; Olympia Werke AG, maker of office equipment and electronic
mail terminals; and AEG-Telefunken’s long-distance communications and
cables division. For Stuttgart-based Bosch, best known as an automotive
accessory maker but also active in consumer electronics and studio equip-
ment, the deal adds telecommunications to its far-flung operations. For
Frankfurt-based financially troubled AEG-Telefunken, the Bosch participa-
tion spells a source of cash it badly needs to play a greater role in the
world’s telecommunications markets.

The value-added network bill that Japan’s Ministry of Posts and Telecom-
munications expects to submit to the Diet at the session starting in
December will allow such networks to lease circuits from the country’s
domestic and overseas carriers, Nippon Telegraph & Telephone Public
Corp. and Kokusai Denshin Denwa Co. The new law will probably restrict
foreign firms’ participation, but should go a long way toward satisfying
Japanese industrial firms and financial institutions, which have been
clamoring for liberalization of communications circuits.
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Office work station
records speech

Japan weighing

sensors for missiles

Video-cassette plant

planned in Germany

68

Bipolar gate array
uses little power

Cll-HB computers
to be sold in U. S.

International newsletter

Voice, text, and graphics are combined in an advanced work station
developed by Britain’s Office Technology Ltd., part of the Information
Technology Group. The station, which uses two Intel 8086s, allows an
executive to annotate displayed documents orally. His or her comments
are digitized and stored centrally on disk for subsequent recall together
with the document. A secretarial version uses one 8086 and lacks the voice
facility. A minimum system of two work stations with a controller is priced
around $37,000, but extra work stations can be added at $9,300 with voice
or $6,700 without. Future plans include the provision of electronic mail
and connection to a local network. The station was developed by four
ex-1BM engineers from the company’s Hursley Park Research Centre.

Japan’s Defense Agency says it plans to develop charge-coupled-device
infrared—image-sensor area arrays to provide sight for missiles and other
applications. It has an ongoing research program under way at its. Techni-
cal Research and Development Institute, but a spokesman says that it will
rely on manufacturers for experimental devices. As usual, Japanese firms
are reluctant to reveal they are participating in a defense agency program.
Meanwhile, Sony Corp. is negotiating with the National Aeronautics and
Space Agency of the U. S. with regard to NASA’s purchase of several video
cameras using CCD technology. The company says NASA has not said what
the cameras would be used for.

Anticipating a continued boom in the demand for video cassettes, West
Germany’s BASF AG will spend about $46 million for a new video cassette
factory near its home base in Ludwigshafen. The plant, whose construction
will start next year, will go on stream by 1983. Basically a chemical
producer but heavily engaged in magnetic tape and related products, BASF
claims to be the world’s only company fabricating cassettes for all the
video recording systems currently on the market: Japan’s VHS and Beta-
max systems and Europe’s VCR and Video 2000 systems. The West
German company sees the worldwide annual demand for video cassettes
rising from 88 million units in 1980 to 151 million this year and to about
360 million in 1983.

High speed at low power is attained by a Fujitsu Ltd. low-power Schottky
TTL array of 2,000 gates by the use of a 2.3-V as well as a 5-v power
supply. Gates operating at the lower voltage have a power dissipation of
only 0.65 mw regardless of fanout. Average propagation delay for a gate
driving a load of 0.7 pF and three to five other gates is 1.5 ns.

In what nationalization candidate Cii-Honeywell Bull of Paris sees as a
hopeful sign that technological and commercial links between it and
Honeywell Inc. will continue even if CII-HB is nationalized, Honeywell will
market CII-HB’s medium-range DPS7 line in the U. S. by the end of this
year. CII-HB is also expanding the line with two new lower-range models,
the DPS7/35 and the DPS7/45, which each offer up to 3 and 4 megabytes
of main memory plus 10 megabytes of disk memory. The entire DPS7 line
will continue to be made at the company’s Angers plant.
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Remove and save. Specs on back.
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TEK DAS 9100 2i¥sis svsrew

Digital Analysis System.

A new conceptin logic analysis.

it's the one you've been waiting
for. Aunified, yet configurable and up-
gradable logic analysis system. With
unparalleled flexibility and perform-
ance.

All from a single instrument.

Modularity is the key. Selecta-
ble, plug-in card
modules
and a pow-
erful main-
frame let
you tailor
the exact
logic
analyzer you
need. With asyn-
chronous and syn-
chronous acquisition
speeds up to 330 MHz. Timing
resolution down to an unpre-
cedented 1.5 ns on 8 channels.

And data widths from 16 channels at
330 MHz, to 104 channels at 25 MHz.

But that's not all, because now
you can also link pattern generation
with data acquisition. A powerful
combination never before available in
a single instrument. One that makes
debugging digital systems far simpler
than previously possible. Pattern gen-
eration provides stimulus data widths
up to 80 channels at 25 MHz.

Need /0 capability? There's an
option that adds RS-232, GPIB and
hard copy interface. And another for a
built-in DC-100 magnetic tape drive
system.

Select your own width and speed
combination, for data acquisition.

DAS 9100 gives you four differ-
entdata acquisition modules to use as
building blocks. Each hasits own data
width and maximum speed: 32 chan-
nels at 25 MHz; 8 channels at 100 MHz
with glitch memory; and two modules
with 4 channels at 330 MHz. Modules
can be combined to give you the per-
formance you need.

Need to go faster? The four
channel modules also operate in atwo

channel mode, with timing resolution
to 1.5 ns. All modules can operate
either synchronously or asynchron-
ously at full system speed. And the 32
channel module can be used to arm
the trigger on those with higher acqui-
sition rates. Plus modules can be
added or changed, as your needs
change.

To backit all up, there's powerful
triggering, programmable reference
memory and multiple clocks. Plus
glitch triggering, with a separate glitch
memory for unambiguous glitch de-
tection, and our unique, new "arms
mode" allows timing correlation be-
tween synchronous and asynchron-
ous data.

DAS 9100 integrates the power of
pattern generation with data
acquisition.

At last, you can have atool that
covers your digital system debugging
needs. By combining pattern genera-
tion and data acquisition modules, you
can stimulate your prototype while
simultaneously analyzirg its opera-
tion. Allowing you to enter awhole new

dimension of design analysis and ver-
ification.

Pattern generation capability is
built around a 16 channel, 25 MHz
module. Through additional expan-

sion modules, you can

raise the totai to 80

channels while
maintaining full sys-
tem speed. The pat-
tern generator al-
lows interaction with
the prototype through
data strobe outputs and
external control inputs, in-
cluding an interrupt line.

The DAS 9100 lets you start de-
bugging hardware even before your
software is available. Pattern genera-
tion makes it all possible.

With plenty of room for mainframe
options to fit your application.

A powerful /O option adds RS-
232, GPIB and hard copy interface for
full remote programmability. A built-in
magnetic tape drive using DC-100
cartridges is also availabie, so you
can save whole or partial instrument
setups for recall.

DAS 9100’s easy-to-use keyboard
and menus tie it all together.

Operation of your DAS 9100 is
simple and straightforward. Selecta-
bte menus help you set up trigger
conditions, select data formats and
define voltage thresholds. You can
even define your own mnemonics to fit
the data under test.

Please send me more information on the DAS 8100
Name

Title

Address o o .
City 3 _ State Zip
Phone

Send to the Tektronix address listed on the back.

Circle 140 for literature
Circle 141 for sales contact

Tektronix

COMMITTED TO EXCELLENCE
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SPECIFICATIONS
DAS 9100 Summary Opt. 2 RS232. GPIB and hard
Modules Available copy interface,
Data Acquisition Modules: Opt. 3 Additional Power Supply
91A32, 91A08, 91A04, 91AE04 Expander Opt. 4 Two additional Power
Pattern Generation Modules: Supplies
91P16, 91P32 Expander Opt. 6§ Rackmount Hardware
DAS 9109 Mainframe

DATA Acquisition Summary
State Table Display

e HEX. Binary. Octal

¢ User Definable mnemonics

Includes 9” CRT, keyboard, controller, one
modular power supply, trigger-timebase,
space for six add-on card modules

Options Available: ® Search mode
Opt. 1 Tape Drive, for DC100 e Multi-speed time aligned data
tape cartridges » Reference memory with editing
~
. =N

Characterlstic J *91A32
Number ot
Channels per
Module 32
Resolution/
Clock Freq. 40 ns/25 MHz
Modules Per
System 3
Channels Per
System 96
Memory Depth 512
Triggering “‘nA—B #C
Multiple Clocks 3
Synchronous Yes
Asynchronous Yes
Glitch Triggering No
Qualitiers Per
Board 2
Set-up Times
Hold Times 29ns/Ons
Number of Probes 4

DAS 9100 Pattern Generator

FLEXIBLE SOLUTIONS
FOR A FUTURE OF CHANGE

¢ Reference memory compare with data
masking and programmable compare
window

Timing Diagram Display

¢ 16 channels simultaneous display

* Programmable selection of channels
displayed

¢ 16 user defineable trace labels

¢ Horizontal magpnification, 1x to 10,000x

» Cursor position & decode

¢ Multi-speed time aligned data

¢ Glitch display

e Search mode

* Memory display window

Acquisition Modules

91A04 & 91AE04
Full Channel High Resolution
91A08 Mode Mode
B 9 4 - o 2
10 ns/100 MHz 3ns/330 MHz 1.5 ns/330 MHz
B 4 1 3
32 - L3 S
512 2048 4096
_ llevel plus arms mode __llevel plus arms mode
_ _Vyilp 91A32 . With 91A32 B
Yes o _Yes No -
_Yes Yes
Yes 1.5 nanosecond resolution
- sampling
1 o - 0 _
9ns/Ons 2ns/0ns

-1 I 1

*Data and clock thresholds selected independently
**Any number of occurrences of word A, followed by various logical combinations of word B, reset if word C

occurs.
Note: The 91A04 is a master card. channel expansion requires one or more 91AE04s.

e Line Frequency — 48 to 63 Hz

re Major Capabilities . « Power — 1000 VA, Maximum
- Instruction Options Summary o Temperature Range
Steps e Option 1 DC-100 Tape Drive Operating 0°C to +50°C
" e " oo coor * Stores 6 full instrument set-ups or 30 (+32°t0 +122°F)
Call, Return. Halt different reference memory patterns Storage —40°C to +65°C
Word Width 16. 48, 80 channels ¢ Directory Space for 32 files (—40° to +149°F)
Max Clock Speed 25 MHz Option 2 RS232, GPIB and Hard Copy Interface * Altitude
Programmable Yes RS232 Operating — 10,000 ft, maximum
Radix Bin. Oct. Hex * Selectable Baud Rates: 300, 600, 1200, Storage — 50,000 ft, maximum
Single Step Mode Yes 2400, 4800, 9600
Labels Yes ® Master/Slave Operation, Full Duplex, DAS 9100 System Configurations
52 Asynchronous —
Subroutine Yes DAS DAS DAS DAS
Nesting 16 Deep GpPiB 9101 9102 9103 9104
Looping Yes * Talker/Listener Only Modules Included: -
Independently Yes e Selectable Address 91A32 1 1 2
Programmable 2.6, 0r10 . S(e)lﬁctable Controller Type, EOI or (LF or g:é?g 2 ; : ';’
trobes E — E— EEE————
Bus Simulation Yes Composite Video Output MOptionsinciuded : SO N,
Capab}llty « Hardcopy Interface It:llagoAﬁw;s:nmn Channels: :g 32 480 ?(6)
337;':395"\2:%: Yes © Video Monitor Interface Total Pattern Generation -
Output Types Patterns Other Characteristics ___Channels _ 16 16 16
Strobes (1 per probe) e Overall Dimensions — Length-23.5 in./ Available Slots for future A . 8 .
, Clock 59.7 cm, Width-17 in/43.2 cm, Height- expansion ST N
Tri-State Outputs Yes 9.5in./24.1¢cm.
HoldiOutput es » Weight — without accessories, 48 pounds/
External Interupt Yes 105.8 KG
« Votage input —
Store Program Yes LOLINE-90 Vt0 132 V rms
on Mag. Tape HILINE-180 Vto 264 V rms
External Control Yes
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Significant developments in technology and business

Highly mobile electrons
make GaAs circuit
the fastest chip yet

by Charles Cohen, Tokyo bureau manager

When operated at 77 K,

a 27-stage oscillator from
Fujitsu is said to near
Josephson-junction speeds

The first integrated circuit based on
high—electron-mobility transistors
has set new records for semiconduc-
tor device performance. Researchers
at Japan’s Fujitsu Laboratories Ltd.
say that a 27-stage ring oscillator
with enhancement-mode switching
transistors and deplction-mode load
transistors shows a propagation dc-
lay per stage of only 17.1 picose-
conds when operated at liquid nitro-
gen temperature of 77 K. They claim
that this excceds the speed of any
other gallium arsenide device and all
silicon devices and is close to the
13-ps figurc reported for Josephson-
junction logic. The company is a
subsidiary of Fujitsu Ltd.

The experimental circuit operates
from a 1-volt power supply and uses

Upping the ante. The propagation delay of
each of the 27 stages of this oscillator is only
17.1 ps at 77 K, the highest speed yet
achieved by any GaAs integrated circuit.

0.96 milliwatt per stage, thus achiev-
ing a delay-power product of only
16.4 femtojoules. But this is only a
beginning, becausc the switching
transistor’s gate length and source-
to-drain spacing are 1.7 and 6
micrometers respectively, about dou-
ble the dimensions of high-speed gal-
lium arsenide devices built by others.

The present devices have an elec-
tron mobility of 20,000 square centi-
meters per volt-second. But Hajime
Ishikawa, manager of the Fujitsu
subsidiary’s semiconductor device
laboratory, says that in HEMT
devices built with l-um gates and
operated at liquid nitrogen tempera-
tures, the electrons should be about
three times as mobile because they
will collide less often with the crystal
lattice or with ions. His prediction
assumes both the shorter electron
path of short-channel devices and a
better quality of crystal in future
devices.

He deduces that such devices will
have a switching propagation delay
of less than 10 ps when consuming
about 100 micro-watts per stage. A
power level as low as this would
make this ultrafast device suitable
for very large-scale integration.

The ncarest competition comes

from normally-off GaAs field-effect
transistors with resistance loads that
were built last year by researchers at
the Musashino Electrical Communi-
cation Laboratory of the Nippon
Telegraph & Telephone Public
Corp. These achieve a switching
speed of 30 ps at room temperature
and 17.5 ps at liquid-nitrogen tem-
perature. But the penalty is difficult
fabrication and high power con-
sumption—gate length is 0.5 um,
power per stage is 9.2 mw at 77 K.

The HEMT integrated circuit is
fabricated on a substrate of semi-
insulating GaAs. On this a molecu-
lar-beam epitaxial process grows a
0.8-um-thick layer of extremely pure
GaAs, followed by an 0.06-um-thick
layer of silicon-doped n-type gallium
aluminum arsenide and a 0.05-um
layer of n-type GaAs. The doping
concentration is 2X10'® atoms per
cubic centimeter.

The n-type GaAs has an insulat-
ing film of silicon dioxide deposited
on it. Windows in that film make the
source and drain regions of the tran-
sistors accessible to ohmic contacts
made of gold-germanium alloy over-
laid with gold metalization. A sec-
ond Si0, insulating layer is deposited
and multiple-step lithography per-
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formed to open windows for deposi-
tion of a titanium-platinum-gold
mctalization system for cnhance-
ment and depletion FET gates and
interconnections.

The gates for the depletion tran-
sistors arc deposited directly through
windows onto the n-type GaAs layer.
But for the enhancement-type tran-
sistors that same layer is etched
through and the gates are deposited
on the GaAlAs layer. Because Fujit-
su’s etchant stops at this layer and
the thickness of the molecular epi-
taxy films is precisely controlled, the
distancc between the enhancement
transistor gate and the high-mobility
clectron layer can also be precisely
controlled. The work-function differ-
ence between the gate and the GaAs
material bencath it crcates a deple-
tion layer that extends through to
the high-mobility clectron layer,
which is just below the upper surface
of the high-purity GaAs layer, pro-
ducing as a result an enhancement
transistor.

The enhancement-mode transis-
tors in the ring oscillator have the
relatively big gate width of 33 um to
minimize the cffects of stray capaci-
tance. Load FETs have gates 13 um
wide to give the desired current.
Devices with load transistors having
7-um-wide gates were also fabri-
cated and operated at room tempera-
turc. Their switching speed is 56.5 ps
and power input 0.46 mw for a sup-
ply voltage of 1.1 v.

France

Nanosecond access
nears in GaAs RAM

In what is intended as the first step
toward the development of a 1,024-
bit gallium arsenide random-access
memory, Thomson-CSF at its
Central Research Laboratory in the
Paris suburb of Corbeville has com-
pleted work on a fully decoded §-bit
(four 2-bit words) static GaAs RAM
with an average access time of 0.6
nanosccond for a total power con-
sumption of 80 milliwatts. An inter-
mediate 256-bit RAM is expected to

74

WORD
LINE -

e BIT LINES—/

Low key. The unusual design of the cell in
Thomson-CSF's experimental 8-bit static
GaAs Ram will keep charge on the bit lines
low and hence access time shorter.

have a 1.5-ns access time, while the
1-K device could access in less than 2
ns. The circuits are intended to work
alongside GaAs arithmetic circuits
in future high-speed data processors
and will not be silicon-compatible.

No compromise. “It is not at all in
the spirit of our research to worry
about compatibility with silicon,”
explains Gérard Nuzillat, head of
the Thomson-CSF group working on
GaAs circuit research and design.
“Putting a GaAs circuit in a silicon
gystem means that most of the
advantage of using GaAs in the first
place is lost. Our objective is to cre-
ate the fastest possible systems, and
that means all-GaAs systems.”

The RAM was designed using
low-pinchoff-voltage ficld-effect-
transistor logic, a Thomson-CSF vari-
ation on metal-semiconductor field-
effect transistors that optimizes the
manufacturing yield of GaAs logic
circuits. This approach doubles the
tolerance on the threshold voltage
compared with the conventional MES
FET approach. Even though circuit
schematics are slightly more compli-
cated, the flexibility of logic organi-
zation is improved.,

The circuit consists of 170 compo-
nents, of which 77 are MES FETSs.
These transistors are of the quasi-
normally-off type with a threshold
voltage between —0.2 and +0.2
volts; their gate is 0.8 micrometer
long and at least 20 um wide. The
memory cells, which occupy 5,900
square micrometers each, are of an

original design unique to Thomson.

Each cell consists of two transis-
tors, four resistors, and two Schottky
diodes. A logic swing of 1 v at cell
level ensures its immunity to noise.
With a transistor width of 20 um
and a power supply of 4.6 v, the
normal power consumption of the
memory point is a hefty 1.6 milli-
watts, though this will be reduced to
0.45 mw for the 1-K RAM because of
its 5-um FET geometry.

Another novelty is the connection
of the bit lines, achieved by transfer
FETs that share a drain. Moreover,
the diode connections enable cell
sensing with very little current
extraction but with a current gain
for cell writing.

Though this type of access makes
little difference for a test circuit of
only 8 bits, it should present a signif-
icant advantage in more complex cir-
cuits, where the charge on the bit
lines represents an essential portion
of the access time.

Methods. The circuit resides on a
0.5-square-millimeter vapor-phase-
epitaxy chip and has an active sur-
face of 0.2 mm2 It is based on
recessed-gate technology and the
processes used in its fabrication are
electron-beam masking, ion milling,
and fast chemical etching, the latter
to remove no more than 50 ang-
stroms. The gates are made of titani-
um, platinum, and gold.

“We have just started develop-
ment of the 256-bit RAM and hope to
finish it by mid-1983,” says Nuzil-
lat. “Then, if we have no unexpected
surprises, the 1-K RAM should not
take much more than an additional
six months to complete.”

The 8-bit test RAM will be pre-
sented at the Third Gallium Arse-
nide Circuit Symposium in San Die-
go next week. -Robert T. Gallagher

Great Britain

Cheap chip-carrier
is moisture-proof

A chip-carrier that uses ncither
ceramic nor premolded plastic spells
a major advance in interconnection

Electronics /October 20, 1981
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Variety. Chip packages made of pc board
and plastic are shown attached to a pc sub-
strate whose edge-mounted fingers may be
soldered to a converpional pc beard.

technology, one that British manu-
facturers of telecommunications
equipment from System X ex-
changes to terminal equipment are
counting on to reestablish a competi-
tive edge in world markets.

Little larger than the microcircuit
chip it contains, the inexpensive
package snuggles up closely to its
neighbors with hybrid-circunit-like
densities and can be precisely placed
on cheap printed-circuit boards by
fully automatic equipment. Yet it
seems likely to meet British Tele-
com’s most stringent reliability stan-
dards. The technology was developed
by British Telecom’s Martlesham
Research Centre in collaboration
with Tectonic Electronics Ltd., a
Swindon-based company with print-
ed-circuit-board, chip-packaging,
and hybrid divisions.

The chip-carriers are fabricated in
small batches from a 2-inch-square
two-layer pc board that can be pro-
cessed on Tectonic’s fully automatic
hybrid production line (see “UK
firm automates hybrid manufac-
ture,” right). The top layer, in
which windows have been cut, forms
the chip-carrier walls, while the bot-
tom layer carries the pc-board tracks
to which the chips are wire-bonded.
Plated through-holes transfer tracks
from the inner to the outer surface.

76

A diamond saw scribes the double-
layer pc board into individual
devices. Once mounted and wire-
bonded, the chips are then given a
proprietary two-layer plastic encap-
sulation.

Flexible. “We can make flat packs
in all Jedec and SOT sizes and even
run off a custom special for as little
as $600 to $800,” says Philip Cook,
Tectonic’s managing director.
“Track patterns down to 0.5 mil can
be achieved, and there’s no need for
solder bumps. Moreover, in large
production volumes, 18-way carriers
can be produced for as little as 12 or
14 cents apiece.”

Unlike bare chips, those in the
carrier can be fully tested before
being mounted. Moreover, the carri-
ers can be readily positioned and
reflow-soldered by fully automatic
assembly equipment. As the solder
liquefies, its surface tension aligns
the through-hole pads with the
underlying tracks.

However, the interconnection phi-

losophy does not stop there. The new
carrier, explains Cook, can bec
mounted on a similar pc-board sub-
strate with other surface-mounted
components, such as chip resistors
and capacitors or miniature SO and
flat-pack devices. Becausc the car-
rier and substrate are manufactured
from the same material, tempera-
ture-induced stresses arc no longer a
problem. Edge-mounted fingers con-
nect the substrate to the convention-
al mother board.

The pc-board chip-carrier and
substrate combination, like many
good ideas, seems obvious with hind-
sight. In the U.S., in fact, General
Instrument Corp. did try something
similar —its Minipak, in which a
blob of epoxy overlaid a chip
mounted on a small piece of pc
board [Electronics, March 17, 1977,
p- 86].

The British package, however, is
moisture-proof. Test vehicles have
been successfully subjected to 110°C
and 90% relative humidity over-

UK firm automates hybrid manufacture

A major $6 million investment in highly automated hybrid production lines by
Tectonic Electronics Ltd. underpins the interconnection technology it devel-
oped jointly with British Telecom. When all eight lines are installed and
working some time in 1985, the 5,000-square-foot production unit—reminis-
cent of a wafer-fabrication facility—will be producing around 45 million
hybrid circuits per annum with a minimal staff of around 150 to 180.

Every stage of manufacture has been automated. The substrate handlers,
screen printers, and component placement machinery were developed espe-
cially for Tectonic by DEK Printing Machines Ltd. in Weymouth, Dorset, with
government backing. A first line is now being commissioned and will serve
both as a test bed and shop window for the production equipment.

The entire production line is planned around standard 2-inch-square
substrates. Carousel magazines, with 50 substrates in each, feed thick-film
printers, dryers, laser resistor trimmers, ovens, and so forth, collecting the
processed substrates in a continuous automatic operation. The component
placer, the last link in this chain, is now being commissioned and should be
able to handle around 320 substrates an hour, each with three circuits and
six components per circuit.

Similarly, the laser trimmers used to bring thick-film networks to within
tolerance will handle 350 substrates per hour, typically with three circuits per
substrate and 14 resistors per circuit.

Carousels are based on the well-proven 35-millimeter film-slide carousel
and can handle wet and dry substrates as well as substrates with compo-
nents attached. Because of these handling methods and the protection they
give, yield is exceptionally high. For example, at the print stage it is usually
well over 90%, says Richard Hunt, marketing manager for DEK Printing
Machines Ltd. Registration accuracy is better than *25 micrometers at
handling speeds of 1,200 substrates per hour. For manufacturers who need
to handle larger substrates than 2 in.2, Hunt's firm is developing what
are called walking-beam substrate handlers. -Kevin Smith

Electronics /October 20, 1981
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It's no secret. Western Digital has °r yoy,

controllers for years.

It started back in 1977 with th 1d’s first LSI
roller market R T il e

Winchester disk controller, too.

What's more, today, Western Digital's 7-member
family of floppy disk controllers is the industry stan-
dard. Giving you nothing shaort of the broadest
selection of controllers in the business.

And only Western Digital offers the vital support
chips for both data separation and DMA control.

Of course, our pionsering Winchester con-
troller effort is equally impressive. Either as
a tully-assembled board or maney-saving chip
set. And our extensive on-line design sup-
port services are yet another plus.

Better still, more breakthroughs are on
the way So contact the only disk controller

i maker holding all the chips.
‘ Western Digital.
WEe'll stand on our kead to give you better
solutions.

WESTERN DIGITAL
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Computer Products Division, 2445 McCabe Way, Irvine, CA 92714, (714) 557-3550.
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8 arc second accuracy
for an astronaut’s elbow
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Six 2 inch diameter rotary Inductosyn® transducers are used in the
shoulder, elbow, and wrist joints of the Remote Manipulator System*
(RMS) arm installed in the cargo hold of the space shuttle to provide
+ 8 arc second accuracy for precise servo control.

Inductosyn position transducers are unaffected by dust, oil films,
sea water, hard vacuum, light, temperature variations, ionizing
radiation, extreme pressure, and other hostile environments. They
have operated at full accuracy for extended intervals in space,
immersed in liquid nitrogen, and immersed in 600 feet of sea water.
Noncontacting Inductosyn data elements have zero wear, never need
lubrication. Single and multispeed units; 360 pole, 1024 pole, and
others; accuracy to +0.5 arc second.

Call (914) 761-2600 today or write for down-to-earth
information about Inductosyn rotary position transducers
for applications from undersea to outer space.

*Built by Spar Aerospace Limited, Toronto, Canada,
under contract to the National Research Council of Canada.

i FARRAND CONTROLS

Division of Farrand Industries, Inc.
99 Wall Street Valhalia, NY 10595
(914) 761-2600 Telex: 646640

80 Circle 80 on reader service card
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development, an ICI. dual has around
1.8 the performance of a single unit.
A stopgap machine, to be introduced
in November, the 2.2-MIpS 2988 will
in dual form have a 3.5-MIpPS data
rate. In fact, says Dace, ICL plans to
take the concept further as it has in
the works a 50-megabit-per-sccond
local network that could run up to
cight processors in parallel.

Right now, though, ICL is nowhere
in the large mainframe 5-to-15-M1PS
bracket, a market dominated by
I1BM. So to penetrate this market and
satisfy government requirements for
a big mainframe manufacturer, ICL
plans to market Fujitsu’s Facom 380
in single and dual forms. The strate-
gy, says Wilmot, will plug a huge
cash drain, diverting development
funds toward the more rapidly grow-
ing market in small microprocessor-
based systems with a networking
capability.

Net plans. Here ICL has recently
penned an agrecement with Three
Rivers Computer Corp. of the U. S.
for its PERQ 16-bit graphics-oricnted
minicomputer work station with an
Ethernet network interface. ICL
plans to move the product both up
and down market, and an LSI version
sclling for $10,000 (compared with
$25,000 at present) is planned. In a
further development of its network-
ing strategy, the British company
also introduced a multimicroproces-
sor family developed at its Utica,
N. Y., facility, called DRS.

DRS uses a 1-Mb/s local network
called Microlan, one of three local
networks ICL will use to tic together
its products. For 10-Mb/s rates,
Ethernct and perhaps the Cam-
bridge ring will be adopted, while for
its mainframes, ICL is developing the
50-Mb/s Macrolan. For widc-arca
networks, ICL is alrecady committed
to X.25, and under Wilmot’s unfold-
ing strategy, morc of its products
will also support the Systems Net-
work Architecture protocol, talking
to IBM mainframes. Yet further col-
laborative deals are in the pipeline,
taking ICL into personal computers
and communications. But one thing
is for sure: any new ICL products
must feature a networking capabili-
ty. -Kevin Smith

Electronics /October 20, 1981



Compact and precise
from 10 kHz to 30 MHz
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Test receiver ESH 2
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)

=_field-strength meter HFH 2

Test antennas:
10 kHz to 150 kHz (left)
10 kHz to 30 MHz (centre, right)

Rohde & Schwarz GmbH & Co.KG
Postfach 8014 69

D-8000 Miinchen 80

Fed.Rep. of Germany

Electronic Measurements and

Radio Communications. Development,
manufacture, sales and service.
Known for “electronic precision®.
Independent concern (establ. 1932),
represented in 80 countries.
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Selective voltage measurement
B measuring range
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B measuring error <1dB

Field-strength measurement
B measuring range
3 dB(uV/m) to +140 dB(uV/m)
B measuring error <2 dB
(acc. to CCIR)
B interference-field measurement in
line with CISPR, MIL and VDE

The ESH 2 is a triple-heterodyne
receiver using modern synthesizer
techniques. You calibrate it at the
push of a button and get maximum
measuring accuracy in return. Its
built-in tracking signal generator lets

&
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you make two-port measurements and
measure frequency remotely (CCIR).

Quasicontinuous tuning over the entire
range —in steps of 100 Hz or 10 kHz
without band switching — plus crystal-
based frequency display and clear
arrangement of the controls are a
guarantee of precise and reproducible
results in a minimum of time.

The ESH 2 excels in mobile use too:
power it from an AC outlet, an internal
or external battery. Accessories include
test antennas and probes.

Ask for the data sheets
ESH 2 and HFH 2

ROHDE&SCHWARZ
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Meeting heavy demands
forlightwave transmission

The promise that emerging lightwave communi-
cations technology offered just a few short years ago is
about to be fulfilled as telecommunications authori-
ties the world over upgrade or expand their networks
with optical fibre systems. And Philips technology has
contributed much to this state-of-the-art.

For example, Philips originated and developed
the plasma-activated chemical vapour deposition
(PCVD) method of manufacturing high quality fibre
possessing a refractive index profile closely approx-

imating the theoretically desired parabolic form.
Unlike other CYD methods, PCVD employs a
non-isothermal microwave plasma to stimulate low-
temperature reaction of the gases SiCl,, and GeCl, and
0. within a tube of pure silica glass. The plasma reac-
tion zone is produced by a microwave resonator that
passes to-and-fro along the entire length of the tube, a
very even and thin layer of oxides being deposited at
each pass. In this way many hundreds of layers can be
deposited to achieve a graded index fibre profile that

Anenlargement of the etched surface of an optical graded index fibre 50/125u for core/cladding diameter.

PHILIPS



ery closely resembles the ideal parabola.
Exceptionally high bandwidth measurements are
btained on continuous production runs of these
ibres, typically 900MHz per kilometer at 850nm wave-
ength, with a lowest value of approximately 600
AHz.Km, and a top value 0f1200-1300 MHz.Km.
Philips also achieved a major breakthrough in
he complex PCVD manufacturing process by speed-
ng up deposition of the layers without any loss in fibre
juality. Instead of the standard deposition speed of 0.2

gramme/ minute, new techniques enable speeds up to
one gramme/ minute to be reached, thus reducing the
time taken to prepare a preform for one kilometer of
optical fibre from 25 minutes to only five minutes.

Increasing optical fibre quality at lower produc-
tion costs is one of the many ways in which Philips
technology is helping the communications industry
meet the heavy demands for lightwave transmission.
Here are some more.

Suspended optical fibre cable now
iwovides a cost-elfective solutior to the
yroblems of television and FM radio
eception in mountainous regions. A six-
ore optical fibre cable has been suspend-
«d on a 2.8 kilometer pole-route 10 connect
he villages of Aste and Beon, in the
“rench Pyrenees. into the local CATV
etwork. One of the first suspended
yptical fibre routes in the world, it provi-
les the population of this remote area
vith FM audio reception and a choice of
our colour television channels.

Circle 471 on reader service card

PHILIPS
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Light wave telephone transmission. In
addition to Philips all digital PRX/D ex-
changes, the Saudi order includes the inte-
gration of 140M/bits optical fibre systems
into the existing 2M/bits PCM networks
in the Jeddah and Riyadh multi-exchange
areas. Six-{ibre cables, with a capacity of
1920 calls per fibre, will be used in the
repeaterless routes, which total some 45
system kilometers. When completed it will
be one of the first operational 140M/bits
optical fibre transmission systems in the
world. Circle 472 on reader service card

Write for more information to your
local Philips organization or to Philips,
C.M.S.D.-Marketing Communications,
VOp. Room 22, Eindhoven, Holland.
Ortelex:
35000-PHTC-NL/CMSD-Marketing
Communications. Eindhoven. Holland.

1 would like more information on:

O

Optical fibre detection. The Philips
SEM505 scanning electron microscope
employs a unique optical fibre deteetion
system within the specimen chamber. In
the backscattered-clectron mode, the sys-
tem achieves the highest possible detec-
tion efficieney for highlighting topographic
and atomic number contrast. When used
for cathodoluminescence detection, a light-
gathering lens focuses the signal on the
fibre bundle. Light impulses from the
detector are routed to photomultiplier
preamplifier combinations via optical swit-
ches. The system provides an exceptional-
ly high degree of lexibility as well as a very
fast reaction time. This ensures that TV-
ale images can be obtained. even at low

ceelerating voltages, in all detection
hodes.
Circle 473 on reader service card

Philips working on advanced technology
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Want a cnyotal parne freguency.
Want 4 IEEE programmable generator?

Eavy!
Ecther with the simple 7100

® RF 100 kHz/1.3 GHz,
1 Hz resolution
® AF 10 Hz/100 kHz
® 140 dB/Hz at 10 kHz
from carrier
® Low incidental FM :
1 Hz CCITT
® AM-FM-OM
calibrated modulations
® Pulse modulation
® output + 23 dBmy/
— 140 dBm/50 Q
® IEEE 488 programmable

Or the more soppticoticated 7200

Same as 7100 plus :

® AF 10 Hz/300 kHz.
Separate attenuators

@ Spinwheel or keyboard entry
of all parameters

® Digital sweep

of all parameters with markers,
2 ms to 5 000 ms/step

® 40 complete memories,

with scanning and
auto-execution

® Automatic PROM levelling
of output level and modulations
@ Special functions

smax/min. limits

tequency/level offsets),

@ Integral

IEEE 488 programmation

(talk and listen mode).

ADRET ELECTRONIQUE 12, Av, Viadimir Komarov @ BP 33 78192 Trappes Cedex @ France @ Tél : (3) 051.29.72

N\ Télex ADREL 697821 F adrek
o ~ Foreign representatives : W. GERMANY : Rohde und Schwarz, Cologne ® UK Racal Instruments, Windsor
%3, ITALY : Elettronucleonica, Milano @ SPAIN : Telco, Madrid ® THE NETHERLANDS : Rood, Rijswijk
> BELGIUM : Sait, Brussels ® SWITZERLAND : Roschi Tel, Bem @ SWEDEN : Teleinstrument, Vallingby
NORWAY : Morgenstieme, Oslo ® DENMARK : Tage Olsen, Ballerup @ FINLAND : Orbis Oy, Helsinki mlectromoue
GREECE : Scientific Enterprises, Athens ® EASTERN COUNTRIES : RST, Vienna, Austria @
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[ektronix Desktop [ttt

C work right away with the help of

omputers and et e arere
Ap ications applications software to solve a
So

problems.

are can solve AN
your problems. B e e

produce other useful manage-
ment tools. The high-perfor-
mance Tektronix 4052 can
handle complex statistical
analysis, production testing and
digitising. And the powerful,
large screen Tektronix 4054
can construct detailed schema-
tics, layouts and engineering
drawings. We also have plotters
and copiers which produce the
final drawings and prints thus
increasing productivity even
further.

In support, Tektronix has
developed a full range of appli-
cations software for Statistics,
Analysis, Digitising, Project
Management, Technical Docu-
mentation, Schematics and
Drawings. Tektronix Software
packages have unique compa-
tibility features to exchange
information from one program
to another.

Send for more details by
completing and returning the

| I Please send me information on
Tektronix Desk-Top Computers
Name
Position
Company _
N, e Address

4054 Graphe; Cormeaiting Sysier

[eyp———

e

IR BR[| Teephone

i 7 - > Fod e o Tektronix Europe BV.
Posthox 827, 1180 AV Amstelveen

— r—— - L The Netherlands

THE GRAPHICS
STANDARD COMMITTED T0 EACELLENCE
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Good news... micropackaging

tomatch microelectronics!

Looking for big space savings?
Stop right here! These SO (Small
Outline) ICs are shown actual size
and yes,even that 40-pin device is
less than stamp-size.

The new packages also
come in 8-, 14-,16-, 20-, 24- and
28-pin configurations and encap-

sulate most popular technologies..

CMOS, LOCMOS, NMQOS, bipolar
analog and LP Schottky-TTL.
Their smallerthan-ever
dimensions allow PCboard sizes
to be reduced dramatically, giving
big savings in size and weight and
a new competitive edge to your
product. For applications where
space is at a premium, SO-
packaged devices can open up
entirely new possibilities by
allowing sophisticated electronics
to be introduced for the first time.
They use the same chips as
conventional DILs and power
ratings apart, perform in exactly

Electronic
Components
and Materials

PHILIPS

Circle 406 on reader service card

the same way, including reliability.
SO packages can therefore go
into existing designs easily and
quickly. And of course they’re

5 34
2

:,.Al ‘41',‘7}-——
L. 1

40-pin SO package

Both devices are shown actual size.
Despite its fine leacs, this SO package
can bemounted L sing all soldering
methods, including wave and reflow.

SO packages red.ce PCboard real estate,
and also give additional design freedom
since tracks can be run under the devices.

*Second-sourced in USA,Japan and Europe

ideal for your future designs
employing automatic chip
mounting techniques.

This topical, new type of
packaging was pioneered by
Philips* and our SO ICs have been
used extensively in watches,clocks
and hybrid 1Cs. We therefore have
unmatched experience in micro-
packaging and as a result can
supply the widest range of analog
and digital circuits. In fact, you
need look no further than the box
alongside to see clear proof of
Philips’ world leadership in this
newest and smallest area of
miniaturisation.

Send today for details on SO
packaging and if possible mention
your application.

Philips Industries

Electronic Components and
Materials Division
Eindhoven, The Netherlands

PHILIPS




New products international

Set tests digital
phone exchanges
despite lost bytes

by John Gosch, Frankfurt bureau manager

PCM generator and receiver
check switching equipment
under clock-offset conditions
that cause omitted bytes

The advent of digital switching tech-
niques, particularly in local and pri-
vate branch telephone exchanges,
has incrcased the pressure for test
cquipment that provides information
on how such cxchanges are operat-
ing—for equipment that checks, for
cxample, whether the signals that
arc applied to the cxchange arc
properly switched or whether the sig-
nals suffer in quality on their way
through the exchange.

Rising to the occasion is the VM-1
test set from West Germany’s Wan-
del & Goltermann. The compact
sctup, consisting of a gencrator and
receiver, determines whether the
input signal, in the form of a pulse-
code-modulation frame containing a
channel time slot with a 64-kb/s sig-
nal, is switched correctly and wheth-
cr the signal is impaired by bit or
word errors. What's more, the trans-
mission delay bctween the ex-
change’s input and output can be
determined when a reference con-
nection is made between the set's
gencrator and receiver.

The VM-1 provides for separate
acquisition of bit or byte errors, byte
insertions, and bytc omissions or
slips encountcred by the signals dur-
ing transmission through the ex-
change. There is a counter for cach
crror typc. Slips arc produccd by
dcefined shifting of the applied clock.
The test sct is externally controllable
via an interface bus conforming to

Electronics /October 20, 1981

the International Electrotechnical
Commission’s 625 standard.

To be sure, digital-exchange test
equipment already is available to
perform about the same checks as
the W&G cquipment. But what sets
the VM-1 apart from competing
instruments is that “mcasurements
arc madc cven under conditions of
signal slips,” according to Frank
Coenning, who hcads the firm's PCM
and data-measuring equipment divi-
sion. The VM-1 will be available by
Dececember and scll for less than
$11,000 on the German market.

The generator produces a com-
plete PCM frame that corresponds to
the recommendations of the Interna-

l

tional Consultative Committee for
Telegraphy and Telephony (CCITT).
Any of the time slots of a PCM-30
frame can be loaded with a test pat-
tern. The remaining 29 time slots
contain a channel-loading pattern.
Clock signals can be produced inter-
nally, but morc usually an external
clock from the exchange is used.
With external synchronization, a
defined positive or negative clock
offsct can be produced to cause slips.

For testing a digital exchange
under real in-scrvice conditions, a
regular PCM signal is fed to the gen-
crator via an auxiliary unit, the so-
called signal-insertion device. This
device cither switches the PCM frame

.
"o
‘e
.
.
.
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QUALITY
MONOCRYSTALS

for microelectronics
laser electronics,
computer hardware,
optics, medicine,
other scientific

and applied arts

EFFICIENTLY
GROWN IN
“SAPFIR-1M” UNIT

“SAPFIR-1M"” ® high-melting single crystals grown by
the directed crystallization technique
in vacuum or noble gases

“SAPFIR-1M” plate- or chip-shaped sapphire mono-
crystals can be grown

“SAPFIR-1M"” uses any type of initial material for its
charge: powders, ceramics, crystal
production and working waste

“SAPFIR-1M” performs additional purification of the
initial substance in the course of
crystallization, due to high tempera-
tures, vacuum and developed melt
surface

“SAPFIR-1M” @ turns out highly homogeneous crystals
requiring no specific heat annealing,
owing to the optimized configuration
of the heat-protection field yielded by
the heater-screen system

WAFER SIZES, mm:
DISCS — dia. 100
thickness ‘200-300

PLATES (CHIPS) —
length 200
width 100
thickness 25

POWER
CONSUMED, kVA 40

DIMENSIONS, mm 2,000 x 1,400 x 1,500
WEIGHT, kg 2,000

TECHMASHEXPORT

35 Mosfilmovskaya Ul. 117330 Moscow, USSR. Tel.143-86-60.
Telex 411068 TEHEX SU 411228 TECEX SU
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New products international

to the input of the exchange or takes
the test pattern from the gencrator
and inserts it into an unoccupied
time slot. The incoming PCM signal
is monitored for correct amplitude
and for the alignment status of
frames and multiframes.

To identify the origin of a measur-
ing signal appearing at the cxchange
output, the generator and the chan-
nel time slot have a coded number
signal that alternates with the test
signal. Both signals are transmitted
to the receiver for display. To test
the frame and multiframe synchro-
nization, identification words can be
deliberately distorted.

The receiver synchronizes itself to
the PCM frame coming from the unit
under test. Monitors display infor-
mation on the frame or multiframe
alignment status and on the reccived
mecasuring signals. Shown are cither
the measured results for the selected
time slot or the identification signal
produced at the generator.

The receiver evaluates the number
of erroneously received bits or bytcs,
cither taking into account or disre-
garding the slips. Also determined
are the presence or absence of bytes
resulting from the slips. For error
counting, the receiver provides for a
presclectable time interval within
which a single or repetitive count of
errors can be implemented.

Wandel & Goltermann, P. O. Box 45, D-7412
Eningen, West Germany [441]

The 3056 X-Y recorder has a slewing speed
of more than 100 cm/s, a Y-axis accelera-
tion of 7,700 cm/s?, and sensitivities down
to 10 uV/cm. It uses a felt pen for skip-free
traces at writing speeds over 120 cm/s.
Gould Instruments Division, Roebuck Road,
Hainault, Essex 1G6 3UE, England [443]

Electronics /October 20, 1981



SIEMENS

SMP: bubble memories
on Eurocards .

2 o

Siemens’ SMP microcomputer
board system, already claiming
a top position technologically,

is being further expanded by
the new SMP-E 140, -E141 and
-E142 magnetic-bubble memory
series and by the SMP-STR 140
software driver.

%
%

Supplied on standardized Euto-
cards with DIN 41612 connectors,
this memory system combines
the very simple handling of
standard boards with the advan-
tages of new bubble memory
technology. Per controller board
you can expand memory capa-
city in steps from 128K to

1 Mbyte.

This bubble memory offers
decisive advantages compared

...........

to conventional storage media
such as floppy disks and
cassettes:

® no moving parts, and thus no
mechanical wear

® no additional mechanical or
set-up requirements

@ problem-free implementation,
just as with every SMP board

@ insensitive to thermal and
magnetic influences

® unlimited data retention,
even without supply voltages

@ faster access times

@ error correction.

B 8127.101

The memory’s high reliability,
especially in rough environments,
solves specific operating prob-
lems - such as in factory systems,
refineries, steel or rolling mills -
problems that traditional moving
storage systems media could
solve only with great difficulty,

if at all.

Siemens provides extensive
support to system users in the
forms of powerful systems soft-
ware, experienced applications
engineers and not least through
training in our microcomputer
schools throughout Europe.

If you would like to know more
about this product, simply write to:
Siemens AG,

Bereich Bauelemente,
Infoservice, Postfach 156,
D-8510 Fiirth,

»SMP bubble memory«.

SMP - the microcomputer board system from Siemens

Circle 408 on reader service card



ABOUT

MAINTENANCE...

Maintenance of MICROPROCES-
SOR SYSTEMS can be expensive
if the tools and procedures aren’t
just right.

M.S.T. Case solves many problems :

e low level maintenance by a non-
specialist,

e subunit service,

e software maintenance.

All the necessary functions are
combined in a portable format.
M.S.T. case, a true real time test
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system, also serves for develop-
ment and production.

Major microprocessor families are
treated by one of 2 different emu-
lation methods:

- standard “in-circuit” emulation,
— “parallel connection” emulation.

Versions available (Sept. 81):
6800-6801-68701-6802-6803
146805-6808-6809-8080-8085
Z80.

Designed and manufactured
in France.

rA.

informatique

PROJECT ASSISTANCE
73, rue des Grands Champs - 75020 PARIS
Tel. (1) 379.48.51 - Télex 240645 F

MIKROTEC

94 Rosenbergstrasse
7000 STUTTGART 1
GERMANY

Tel. 0711/611036
Télex 0722818

FORSHAGAGATAN 58
$123 21 FARSTAN
SWEDEN

Tel. 08/94.04.90

Télex 100.08

TEL INTER AKTIEBOLAG DATA MEDIA

METROLOGIE

4, av. Laurent Cély
92606 ASNIERES
FRANCE

Tel. (1) 791.44.44
Télex 611448

74, rue Michel
4547 HACCOURT
BELGIUM

Tel. 0417924 14
Télex 41289
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New products international

The PF-2 bit-error-rate measuring set has a
clock range from 48 to 8,500 kb/s. Bit rates
of 704, 2,048, and 8,448 kb/s are switch-
selectable for output from an internal crystal-
controlled oscillator. Wandel & Goltermann,
P. O. Box 45, D-7412 Eningen, West Germa-
ny [442]

The VM video monitor comes with either a 6-
or 7-in. screen. Images can be viewed as
light on a cark background or switched to
dark on light. It has a 10-MHz bandwidth;
deflection is magnetic over a 75° angle. H.
Lucius & Baer, Sperlingstr. 1, D-8192 Ger-
etsried 1, West Germany [445]

The DF 820 integrated circuits for repetitive
dialing of telephones operate off line power
or a 2.5-t0-6-V supply. They come in 18-pin
plastic or ceramic packages and employ sin-
gle or double push-button contacts. ITT
Intermetall GmbH, P.©. Box 840, D-7800
Freiburg, West Germany [447]

Electronics/QOctober 20, 1981



Signal generator SMS

high-speed, IEC-bus-compatible

For the same price you now get
the SMS with IEC interface and
overload protection.

Frequency ranges
SMS 22: 400 kHz to 520/1040 MHz
SMS 24: 100 kHz to 520/1040 MHz

Rohde & Schwarz GmbH & Co. KG
Postfach 80 14 69

D-8000 Miinchen 80

Federal Republic of Germany

Telex 523 703 (rus d)
Phoneinternat. +{4989) 4129-1
Independent concern

w0

Speed

It handles a frequency setting accu-
rate to within = 100 Hz in just 40 ms;
that's a speed of 25 settings a second.

Spectral purity

The SMS offers you 120 dB/Hz at

20 kHz from the carrier and 145 dB/Hz
at 1 MHz, so it's suitable for intermodu-
lation and blocking measurements in
line with CEPT.

QVERFLOW

REMOTE LOCAL
.

Synthesizer features

The SMS gives you all you want in a
general-purpose unit, e.g. high level
accuracy, 125 kHz deviation over the
entire frequency range and only 4 Hz
spurious, plus resolution of 100 Hz.

Find out more — ask for the new SMS
data sheet now.

Electronic measurements - Broadcasting

(established 1933)
Radio communications and monitoring

represented in 80 countries

Electronics /October 20, 1981

ROHDE&SCHWAR
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Equipment tor
Vacuum Scientific and
E

Process Eng T

vacuum Systems
and Components

The evaporation or sputtering materials that
are used play a major role in deciding the
quality of layers for electronics and optical
applications. Today, we would like to take
our targets as an example to explain what
Leybold-Heraeus means by quality. The
continuous testing for chemical purity
begins as early as when manufacturing the
targets. After the targets have been sol-
dered or bonded to cooling plates, the
quality of the bond is checked, either with
X-rays or ultrasonic testers. To be absolu-
tely sure that you can rely on our products,
we also carry out a test sputtering process
with the materials. The targets are not
released for sale to our customers until all

You Produce
the Coatings -
We Supply
the Materials

Circle 411 on reader service card

LEYBOLD-HERAEUS

LEYBOLD-HERAEUS GMBH

requirements have been met. Here are a
few examples from our target programme:
Sn/in targets for the production of thin con-
ductive coatings for LCD’s; Al/Si targets or
slugs for wafer Al/Si/Cu metallizing; Ti/W,
Ti/W/Al and Ti/W/Au targets, also for IC
metallizing. Our applications laboratories
are of course continuously developing new
coating processes and improving existent
ones. Leybold-Heraeus relieves you of the
work of having to experiment with the
numerous types of evaporation material
and sputter target.

So why not just write us?
LEYBOLD-HERAEUS,

P. O. Box 1555, D-6450 Hanau.

17-01.81.2

NEW 1981 Electronics Buyers’
Guide

The only book of its kind in the

—_—

copies of 1981 EBG.

[J V've enclosed $30 per copy delivered in USA or |
Canada. Address: EBG, 1221 Avenue of the Americas,
New York, N.Y. 10020, |

[J I've enclosed $52 for air delivery elsewhere.

field. If you haven't got it,
you're not in the market.

Address: EBG, Shoppenhangers Road, Maidenhead,
Berkshire $16, 2Q1 England.

I
|
Name |
To insure prompt delivery Company {

enclose your check with
M Street |
this coupon. |
City l
State Zip Country o |
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New products international

The MM30 has a 1,024-character memory
and a keyboard on its back side. Pro-
grammed text can scroll from right to left or
top to bottom or flash. Its 16 red light-
emitting-diode characters are 3.2 cm high.
Text Lite, Zuidermolenweg 27, 1069 CE
Amsterdam, The Netherlands [449]

This power supply for microprocessor-based
systems is switchable from a 110- to 220-V
input at 40 to 60 Hz. It features a power-
failure signal, temperature monitoring, pro-
tective circuitry, and voltage indication. Sedl-
bauer GmbH, Quagliostr. 6, D-8000 Munich
90, West Germany [451]

Philips’ PM 2521 multimeter takes true root-
mean-square measurements to 100 kHz and
measures time, frequency (to 10 MHz), and
dc voltage, resistance, and temperature rela-
tive to a reference. It can read out in deci-
bels. Pye Unicam Ltd., York Street, Cam-
bridge CB1 2PX, England [452]

Electronics /October 20, 1981
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A
B

problem—head on and dead on. We bulld scopes for base can be triggered by any input channel, high '
advanced or everyday electronic environments. But no output CRT. And, thanks to a high efficiency power sup-
matter what the application, each one is geared to pro- ply it won’t add heat to your lab or rack. Best of all, its
duce measurement results efficiently. monolithic construction saves you money.

Need a 100MHz dual trace universal oscillo- Need a fast charge transfer storage scope?
scope? Our PM3262 is more than adequate for use with Choose our PM3266 100 MHz-5mV. It features storage
Schottky TTL and similar logic techniques. Its over time up to 1 hour, 1000div/ius writing speed over the full
150MHz trigger bandwidth allows display of highspeed, screen, auto erase with variable viewing times, alternate
current-mode logic signals. time base display, and trigger view can be used as a

Are you bombarded with complex data streams? third channel.

Thanks to micro-processor control, our PM3263 is a No matter which scope you choose, you'll
100MHz measuring whiz. It features dual delay for time discover that we built it to be better. So you'll get a

interval, delay by events, and a direct readout of measur- better benchmark.
ing results, including frequency.

If you need a four-channel 100MHz portable
scope with delayed time base, check into our PM3264.
It’s the lightweight with all the heavyweight
features. A, B,C, D, A + B and

or more information contact your local Philips office or
write to: Philips Industries, Test and Measuring Dept.,
Building TQ HI-4, 5600 MD Eindhcven, The Netherlands.

puiips| Test & Measuring pH I LI pS
% Instruments
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SALE

worldwide
inland international

Inland International is an exclusive worldwide distributor
of computer components. We can deliver computer
peripherals to your door anywhere in the world. We can
do it fast, efficiently, and most important ... at a lower
cost than anyone else in the world. Most of the products
we offer are available at the one-hundred unit price
even in small quantities. We encourage your requests for
proforma invoices, delivery information and a complete
list of products we offer. Below is a partial list of
manufacturers we represent.

* ADDS « Teletype
« DEC » Dataroyal
* Hazeltine * Motorola
» Lear-Siegler » Beehive
« Centronics « NEC

+ Texas Instruments Soroc

Inland Intemnational is the international marketing division
of Inland Associates which has successfully served the
computer industry since 1968.

For more information contact:
inland international

Aftn: Dennis A. Seager
15021 W. 117th Street, Olathe, Kansas 66062
913-764-7977 TWX 910-749-6408
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FIBER OPTICS VOCABULARY

RN The basic reference document on fiber optic and
Unprae Comicsben lightwave communications for those who design,
v im, develop, operate, use, manage, or manufacture
i communications or data processing equipment
i and components.
' po— * 1400 entries, with  + inversions and
L__“‘_"::_:_, « index of terms cross-references
Order your copies today! LJVY Electronics Magazine Books
$12.95 each, discounts of 10% on ."‘ﬁ . PO Box 669
orders of more than 10. ' Hightstown, NJ 08520

Tel. 609/448-1700, ext. 5494
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New products international

The MX-82 F/T 9-by-9-dot matrix printer has
a 96-character ASCII set and eight interna-
tional character sets for pidirectional printing
at 80 characters/s. It offers four printing
sizes at a maximum of 159 characters per
line. Epson Shinshu Seiki Co., 80 Hiro-oka,
Shiojiri, Nagano 380, Japan [453]

The Nanogate electronic high-speed shutter
produces exposure times down to 2 ns and
has a spectral range of 180 to 300 nm and a
dynamic resolution of more than 20 line
pairs/mm. The opening point of the shutter
is precise to within 1 ns. Proxitronic, D-6108
Weiterstadt, West Germany [455]

The Trackbox-3525 laboratory linear regu-
lated power supply has tracking outputs of 0
to +25 and 0 to —25 V adjustable to within
1% over a 1-A range with a 20-mW resolu-
tion and a 4-to-6-V, 3-A output adjustable to
a 25-mW resolution. Powerbox AB, Box 159,
S-154 00 Gnesta, Sweden [460]

Electronics/October 20, 1981
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Microelectronics starts withZ.
Asin Zeltron.

Founded in 1977 as an entrepreneurial effort within the ZANUSSI group,
ZELTRON quickly established a reputation in Europe as a firm
providing reliable and innovative products and services in microelectronics.

From our three development laboratories in Northern ltaly, we serve both the Zanussi group
and other clients throughout Europe with special services and products:
Microprocessor-based product development-Component testing & qualification
Automatic test equipment -Production automation systems
Sensor &transducer development-Custom designed IC's -Real-time software.

For reliability and innovation in microelectronics,start with"Z’

Z E LTRON Start with ZELTRON.

EEE——
ISTITUTO ZANUSSI PER L’ELETTRONICA SpA ZA"lBSI
33030 Campoformido (UD) ITALY - Via Principe di Udine, 66- Tel.0432 /69652-3 - Telex: 450365- 20122 Milan Viale Bianca Mariq, 45-Tel.02/709176 - 795802.
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FCC
Regulates

RFI

RFI POWER LINE FILTER TECH TIPS / NO. 1IN A SERIES FROM CORCOM INC.

On September 18, 1979, the U. S.
Federal Communications Commission
adopted new regulations to reduce
the interference potential of electronic
computing equipment (FCC79-555,
14686). These regulations, amending
Parts 2 and 15 ¢f the FCC rules, were
modified in a Reconsideration Order
adopted March 27, 1980 (FCC80-148,
27114). They wiil be imposed on
computing equipment according to
the following schedule:

January 1,1981~—

Class B devices requiring certifi-
cation (see below) must comply. All
other devices must either comply or
be labelled with a statement of non-
compliance.

October 1, 1981 —

All Class A and Class B devices
manufactured for the first time after
this date must comply.

October 1,1983 —

All Class A and Class B devices must
comply.

The following definitions and spec-
ifications have been excerpted from
the FCC publications concerning
Docket Number 20780.

DEFINITIONS:

Computing Device. Any electronic
device or system that generates and
uses timing signals or puises at a rate
in excess of 10 000 pulses (cycles) per
second and uses digital techniques;
inclusive of telephone equipment that
utilizes digital techniques or any
device or system that generates and
utilizes radio frequency energy for the
purpose of per‘orming data processing
functions, such as electronic compu-
tations, operations, transformations,
recording, filing, sorting, storage,

retrieval, or transfer. Radio transmitters,

receivers, industrial, scientific and
medical equipment and any other
radio frequency devices which are
specifically subject to an emanation
requirement elsewhere in this Chapter
are excluded from this definition.

Note: Computer terminals and
peripherals (i.e., Input/Output devices
for computers} which are intended to
be connected to a computer are
considered computing devices. All
other components or subassemblies
(e.q., switching power supplies) of a
computing device are not included in
this definition.

Class A Computing Device. A comput-
ing device that is marketed for use in
a commercial, industrial or business

environment; exclusive of a device
which is marketed for use by the gen-
eral public, or which is intended to be
used in the home.

Ciass B Computing Device. A comput-
ing device that is marketed for use in
a residential environment notwith-
standing use in commercial, business
and industrial environment. Examples
of such devices include, but are not
limited to, electronic games, personal
computers, calculators, and similar
electronic devices that are marketed
for use by the general public.

Note: A manufacturer may also qualify
a device intended to be marketed in
a commercial, business or industrial
environment as a Class B computing
device, and in fact is encouraged to
do so, provided the device complies
with the technical specifications for a
Class B computing device. In the
event that a particular type of device
has been found to repeatedly cause
harmtul interference to radio com-
munications, the Commission may
classify such a computing device as a
Class B computing device, regardless
of its intended use.

SPECIFICATIONS:

Conducted RFI will be limited as
follows:

Maximum RF
Frequency Line Volitage
(MH2) (dB above 1uV)
Class A Class B
0.45-16 60 48
1.6-30 695 48

Note: Conducted limits in the
frequency range of 10 to 450 kHz
are under consideration.

METHODS OF MEASUREMENT:
On June 11, 1980, the FCC proposed
rules to formalize the methods of
measurement and the procedure for
verification of computing devices
(FCC80-335,27592).

CERTIFICATION and VERIFICATION:
Certification is an equipment authori-
zation issued by the FCC for equip-
ment designed to be operated without
individual license under Parts 15 and
18 of its rules, based on representa-
tions and test data submitted by the
applicant. The following Class B
devices require certification:

1. Electronic games, including video
coin operated games, but exciuding

seif-contained, hand-held games
that do not use a TV receiver
for display.

2. Personal computers, excluding desk
top and hand-held calculators and
digital clocks and watches.

3. Peripherals, terminals, etc. that are
capable of being attached to a per-
sonal computer.

Alt other Class B devices and all Class
A devices will be subject to verifica-
tion only. Verification is defined as a
procedure where the manufacturer
makes measurements or takes the
necessary steps to insure that the
equipment complies with the appro-
priate technical standards. Submittal
of a sample unit or representative
data to the FCC demonstrating com-
pliance is not required unless specif-
ically requested by the FCC.

Class A and Class B devices manu-
factured after January 1, 1981, but
before the date by which they must
comply, must either be verified or be
labelled as follows:

"This equipment has not been tested
to show compliance with new FCC
Rules (47 CFR Part 15) designed to
limit interference to radio and TV
reception. Operation of this equip-
ment in a residential area is likely to
cause unacceptable interference to
radio communication requiring the
operator to take whatever steps are
necessary to correct the interference.”

Compliance with these FCC rules is
facilitated by using Corcom filters,
available off the shelf in many current
ratings and configurations, all with

UL recognition.

WHERE TO BUY:

Corcom has a sales representative
near you. For immediate delivery. any
of our 58 stocking distributors have
pollution solutions.

May we send you complete technical
information on Everything You Always
Wanted To Know About RFI Power
Line Filters, But Didn't Know Who To
Ask...Corcom...The World Leader in
RFI Pollution Control.

IC@ICE

1600 Winchester Road
Libertyville, lliinois 60048 USA
312-680-7400

TWX 910-684-3269

© COPYRIGHT CORCOM INC 1981
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At Exay, you call the shots
on custom IC development.
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We bend our rules to meet your needs. How soon do you need prototypes?

Some big custom IC houses lose interest if your custom We’ll work out a schedule you can live with. At Exar, typi-
requirements don't fit their rules. At Exar, we don’t have rigid cal turnaround time is half that of most big custom houses.
rules. You tell us what you need and we help you get it. Period. How much do you

want to do yourself?

We can do all or
any part of the custom
development cycle.
We’ll design and build
your custom circuit
from your specs. Or
convert your semi-
custom design to full
custom toreduce unit
cost. Or fabricate
wafers from your
design and tooling,
We’ll even second-
source a custom
cnrcunt designed for
you elsewhere. Any way you call it—CMOS, I°L, or bipolar
gate arrays—you’ll get personal attention and guidance every
step of the way from our custom IC experts.
What kind of packaging?

Choose from plastic or ceramic DIPs, molded flat packs,
chip carriers, tab power packages, or your own custom pack-
aging. Or specify delivery in wafer or dice form.

How about cost?

We’re committed to providing the highest-quality custom
ICs in the industry at a competitive price. We’re even flexible
about upfront money and contract agreements, because we
know how important these can be to you.

Call Exar for full custom and call your own shots.

We’ve been providing custom ICs for companies large and
small for over 10 years. Our experienced people, CAD design
capabilities, modern processing facilities and rigorous quality
control programs assure you custom circuits
that meet your product needs.

How many custom ICs do you need?

At Exar, there’s no minimum volume requirement. Even if
your current volume s too small to make full custom cost-
effective right now, we’ll help you getstarted with semi-custom
ICs. When your product matures and the numbers get big,
we’ll help you convert to full custom.

(] Please send me your Custom &
Semi-Custom Product Guide.

(] Please have an Exar
representative call me.

Name _ S— Title
Company

Street

City/State/Zip i Phone __
My application is:

Exar, 750 Palomar Avenue, Sunnyvale, CA 94086
(408) 732-7970

ZPEXAR

For custom, semi-custom or standard integrated circuits . .. Exal' haS the answey.
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Now,

The world’s most asked-for DMM’s:
there’s more to ask for

than ever before.

We use more metal

When people ask for test
equipment with unsurpassed en-
gineering excellence and proven
durability, the choiceis clear. They
ask for Fluke.

And that simple fact has made
the Fluke 8020 Series of handhelds
the world’s most popular DMM’s.

As the world leader, we're
committed to continually refine
and improve the performance of
our instruments. Because in our
book, that’s what leadershipis all
about.

Our most popular DMM'’s

improvedinside and out

The new 8020B Series of
handhelds incorporate important
refinementsrealized from a care-
ful analysis of the hundreds of
thousands of Fluke DMM’s in
use today.

Outside, weredesigned the
front panel for greater ease of oper-
ation. We added non-skid rubber
feet, and made our shock-resistant
case even tougher. You'll find a new
tilt bail with a locking detent, too.

Inside, we designed double-
fuse protection on the currentin-
puts for maximum safety in case of
an accidental overload. And added
high-speed continuity beepers on
three models that respond to even
the fastest mechanical contacts.

The most asked for

measurement capabilities
All this, plus the same
superior functions and features
that have made the 8020 Series
the most asked-for DMM’sin the

Tough, heatand

world: Choices of 0.25% and 0.1%
basicdcaccuracy. Crisp, bright
liquid crystal displays. And a selec-
tion of models that lets you match
the performance you desire to your
budget.

Selection Guide
v o> & > & &
P E S S
AT S P e T F S
FEEE LSS S LS
8022B |(e(o|@ |0 @ 0.25%
8021B (e |eje|e o e o 0.25%
8020B (e |e|®o (0 0 le oo 0.1%

8024B |o (oo 0|0 |0 |0 j0j® 0|0 01%

All four models are backed
by a two-year parts and labor war-
ranty with a guaranteed two-year
calibration cycle.

Ask for more information.

Call toll free 1-800-426-0361
(except AK, HI and WA); use the
coupon below, or contact your
Fluke stocking distributor, sales
office or representative to order
Fluke DMM or to request
complete specifications.

FLUKE

----- Fast-Response Coupon —==-=-—-
p p E2 10/81

IN THE U S.AND NON 1015-7/80208
FUROPEAN COUNTRIES IN EUROPE.

John Fluke Mfg. Co..Inc.  Fluke (Holland)B.V.
P.O. Box (9090, M/S 250C P.O. Box 5053, 5004 EB
Everett. WA 98206 Tilburg. The Netherlands
12061 356-5400, TIx: 152662 10131673973, Tix: 52237

(O Please send me information on Fluke'’s
new 8020B Series DMM's.

Name

oxide varistors, shock-resistant lenses

- Mail Stop

diodes, thermistars, High-speed continuit protect our custom- Title _
fusesand resistors beepers, now feature designed liquid crystal .
than any other manu- on lhr::e Fluke displays from solder Company I—
facturer to protect you DMM's, mean these splashes and other
and your DMM in case meters won't slow you /ﬁld abuses. Address _ _
of anaccidental down when trqub'e N )
overload. shooting multi-wire City  State  Zip

cables.

Telephonet ) Ext a

©1981John Fluke Mfg. Co..Inc. All rightsreserved
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SiteAligner”Operation

Bewnsaliter

Ineisent
501 B

formance of the DSW® Watfer Step- |
per™ direct step on the wafer system |
into a mixed production line. And that |

includes anything from proximity and | tolerance to +0.25 um, and the reg-

contact to projection systems.

The reason for this important
development is the new Mann Mode!
5840 SXS™ SiteAligner™

The SXS is an automatic, through-
the-lens alignment system that aligns

INTRODUCING THE GCA SITEALIGNER. THE

Now you can blend the fine-line per- | each site or a wafer prior to expo- | wavelength of light that does not

sure. And besides its ability to inter-
mix with other types of printers, 't
brings individual DSW registration

|
|

istration of matched DSW's all the |

way downto =0.35 um 3o ‘
The SiteAligrer works on a unique

Fresnel diffraction technique that
allows alignment even when a target

lis damaged. The system uses a 1

expose the photoresist coating.
Software flexibility lets you align
over a wide variety of sequences,
including once per row, once per
quadrant, every nth site, or at every
site. And batch characterization
speeds throughput by examining the
alignment corrections at each site on
the first few wafers in a batch. If these
corrections are within specified limits

Sales and Service offices: AUSTIN, TX 512-443-8206 - BANGALORE —560 052 INDIA TEL: 72660 - COLORADO SPRINGS, CO 303-598-2208
F-01210 FERNEY-VOLTAIRE. FRANCE 50-406850 - LANGHORNE. PA 215-757-0460 - PORTLAND. OR 503-638-8040

c 1981 &CA Corporation
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Fresnel Zone Target

Water

450 um

266 um
>.| Min Line
Width

Piar. *MLLM:A
5
ASTEP
AHEAD.

PERFECT MATCH IN A MIXED ENVIRONMENT.

the remainder ot the batch can | 2-6-2 Hirakawa-Cho, Chiyoda-Ku, | 4. Scanning Electron Microscope photo ot

pe exposed without individual

Tokyo, 102 Japan, Tel: 03-234-6211

alignments | GCA International, CH-8280
If you'd like to improve your pro-| Kreuzlingen, Konstanzerstrasse 6,
duction performance with a perfect | Switzerland, Tel: 41-072-71-1585.

match, call cr write to us at one of )
) 1 tical schematic of Mann M 4
these addresses: GCA/Burlington | sxSheramionar o o Mann Model 5640

Division, 209 Burlington Road,| 5 gisaiigner mounted on the DSW® W
) ) > ; afer
Bedford, MA 01730, Tel: (617) 275- Stepper™direct step on the wafer system
§400. Sumisho Electronic Systems, | 3. Scanning Electron Microscope photo of
Inc., Landic Hirakawacho Building, | Fresrel Zone Target on wafer (approx. 1600X)

Fresnel Zone Target on wafzr (approx. 3000X).

| 5. Diagram of the ‘Fresnei Zone Targat. The

|

|
|

1
|

00A
GCA

Fresnel Zone Target allows alignment even if a
target is damaged.

GCA CORPORATION
IC Systems Group
Burlington Division
209 Burington Rd
Bedforc, Mass 01730
(617) 275-54C0

Telex. 95-1257

N’/

RAMSEY, NJ 201-825-9623 » RICHARDSON, TX 214-644-3000 * SANFORD, ME 207-324-2677 * SUNNYVALE, CA 408-730-5200 * TEMPE, AZ 602-894-9831
UNDERHILL. VT 802-899-3096 - 2950 VEDBAECK, DENMARK 2-890668 + WEYBRIDGE, BURREY ENGLAND 09322-27388
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The Lexidata System 3400 Display
Processor and full line of interactive
peripheral devices are designed spe-
cifically for OEMs and sophisticated
end-users. The System 3400, rapidly
becoming the leader, with over 1,000
units shipped to date, possesses the
product characteristics required by
this demanding customer group.

* System 3400 performance is truly
outstanding. Only the System 3400
offers 1280x1024 resolution at 60Hz
non-interlaced black-and-white and
grayscale capability, or 880x704 reso-
lution at 60Hz non-interlaced color.
Our programmable lookup tables are
the industry standard of performance.
Double buffered memories or multi-
ple lookup tables with bank switchable

A

memories and processor features,
such as pan/zoom and 4K WCS,

are available.

» System 3400 guality satisfies the
requirements of Fortune 500 com-
panies, the leading CAD/CAM
systems vendors and military and
government contractors. We con-
tinue to focus on quality because we
believe that quality and cost effec-
tiveness are closely related.

« System 3400 flexibility ensures a
configuration to meet the exact
requirements of each customer. The
System 3400 offers a complete range
of OEM configurations, starting from
$7,540, including monitor.

* System 3400 software provides a
high-level language user-interface to

A

execute graphics and imaging func-
tions. The powerful subroutine
library streamlines application soft-
ware development and facilitates
user interaction.
» System 3400 cost effectiveness
enables even price-sensitive OEMs
to configure a highly competitive
product. You will be able to maximize
your value-added contribution
and optimize your overall system
performance.

For more details, call (617) 663-8550
or write to us at 765 Middlesex Turnpike,
Billerica, MA 01865. TWX 710-347-1574.

L LEXIDATA
= CORPORATION
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Probing the news

Analysis of technology and business developments

Users want easier tests for VLSI

Problem once again occupies much time at Cherry Hill conference

as system test is subject of sessions for first time

by Richard W. Comerford, Test, Measurement & Control Editor, and Jerry Lyman, Packaging & Production Editor

While the blustery winds of late
October may chill the air outside
Philadelphia’s Franklin Plaza next
week, the more than 2,000 technol-
ogists expected will ensure it will be
hot inside the conference sponsored
by the Institute of Electrical and
Electronics Engineers. The meeting,
formally entitled the 1981 Interna-
tional Test Conference/Cherry Hill,
is not likely to be any less lively than
it has always been during its three
days of sessions on Oct. 27, 28, and
29.

What will cause the heat gain is
the insistence by users that the next
generation of integrated circuits be
designed for easy testing, whether
alone on boards or in systems. This
demand has caused the conference to
again devote considerable time to
design for testability on chip and on
board and to include for the first
time sessions on system test.

Two complete sessions with a total
of 13 papers represent a significant

contribution to the testability effort
in very large-scale integration. Look-
ing to be of special interest, the lead
paper in session 4, “A Self-Testing
Method for Digital Circuits,” by
M. T. M. Segers of Philips Research
Laboratories, Eindhoven, the Neth-
erlands, describes how to adapt the
scan-path approach to a self-testing
environment. In the scan-path con-
cept, all flip-flops in a circuit are
chained together to form a linear
shift register.

Today much self-testing is done
functionally, as in the case of a
microprocessor testing itself. This
requires a large design effort for
every new construct and has a rela-
tively poor fault coverage. The
Philips method makes use of a cir-
cuit’s structure and is therefore inde-
pendent of design; it can also reach a
wider fault coverage.

Usually, as Segers points out, in
straightforward structural self-test-
ing, input testing patterns and corre-

sponding output patterns are stored
in two added on-board read-only
memories. However, this method
requires two specific ROMs for every
chip design.

So Segers develops his new con-
cept by replacing the ROM pattern
generator with a random-pattern
generator whose patterns are fed
into the available scan path directly
into the combinational circuit. In a
second change, the second ROM is
replaced by an m-bit feedback regis-
ter creating a fault signature regis-
ter. Finally, this circuitry is simpli-
fied by using the feedback signal of
the shift register as a random input
for the scan path of the original cir-
cuit as shown in the figure.

In an actual test, the signature of
the device under test is compared
with a “known good” signature that
is obtained either through computer
simulation or with a “known good”
device’s signature. The small amount
of control circuitry could be inte-

Thursday, Oct. 29

0 2 SSI0
Tuesday, Oct. 27 Wednesday, Oct. 28
SESSION SESSION
‘29 9:00—11:30 Keynote address and (7 ) 8:30—12:00 Test equipment and
= invited panel methods
;é The challenge of testing VLSI in the 8:30—12:00 Codec testing
1980's — ! -
X (g 8:30—12:00 Design for testabilit
William Thurston, GenRad, Inc 301 se?:-'tgestiﬂrg 2) iy
g (2) 1:30-5:15 Microprocessor testing and ‘ 10, 1:30—5:15 Board testing
N
S / SEEily | 111 1:30—5:15 Precision measurement,
= L 3) 1:30-5:15 Memory test calibration, and testing
E (4) 1:30—5:15 Design for testability/self (12) 1:30-5:15 Test economics
testing (1) [
| - - - .‘ -
) (5) 8:00— Architecture, cost, and
z - performance of next- ‘
2 generation VLSI test
S systems
w
@ 8:00— Mostly-good memory devices

SESSION

13| 8:30—12:00 Test-system

architecture
(1a) 8:30—12:00 System testingin
& the field

[15) 8:30—12:00 Functional testing

1:30-5:15  Software

1:30-5:15

16

System testing in
manufacturing

17

| (18] 1:30-5:15 Testing, validation,

and fault coverage

— -
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Probing the news

grated with the “original™ circuit (iC
or printed-circuit board), creating a
real self-testing circuit. On the other
hand, the control circuitry also could
be configured as a simple external
tester.

In this method, fault coverage is a
function of the number of patterns,
the bit length of the feedback regis-
ter, and the circuit configuration.
Scgers also reports on test results
using this method on an IC with 150
memory elements and 1,000 logic
gates. After 250 patterns, fault cov-
crage of this circuit with an 87-bit
feedback register produced a result
of about 95%. A 4-bit register gave
about 85% coverage.

Device Tests. In addition to the
two formal scssions on general
approaches to design for testability,
this topic will be the focus of a panel
group in session 3, microprocessor
testing and modeling. The session,
which will present among other
items a unified test plan for LSI or
VLSI components using the 8086 pro-
cessor as a specific example, is
chaired by K. Rose of the Rensselaer
Polytechnic Institute. Rose points
out that “in the past, vendors and
users have developed diverging opin-
ions on the neced and-or the require-
ment for a unified test philosophy.

p—

RANDOM
PATTERN
GENERATOR

This counter-productive trend can-
not continue with vLSI designs.”
Test strategies for vLSI dynamic
RAMs are covered in session 2. One
paper in this session deals with the

problem of increasing memory-test’

efficiency, an especially timely topic
since test periods have been increas-
ing along with the number of inte-
grated devices.

The authors, D. Pannel and S.
Winegarden, discuss their new test
pattern, Paragon, which combines
with the March test pattern, they
say, for “a perfect set of test patterns
for assuring logical memory charac-
terization.”” A new approach to
sequence testing, Paragon is a 16N?
pattern that not only exercises all
possible data and address transitions
but also includes all possible pairs of
read and write cycles. Another
advantage is that it can be easily
implemented on most commercial
memory test pattern generators.

Differences between pattern gen-
eration techniques and the architec-
tures of general purpose VLSI test
systems are covered in two sessions,
session 5 on Tuesday evening and
session 13 on Thursday morning.
The evening session should prove
essential for anyone considering the
purchase of a tester for VLSI, since it
pits the representatives of GenRad,
Teradyne, Accutest, and others not
only against each other but against

SHIFT
REGISTER

||

CHIP UNDER TEST

SIGNATURE

|

Structured. In open-loop structural self-testing (a), a random-pattern generator feeds
patterns into the scan path of a combinational circuit. The patterns create a circuit signature
in the feedback shift register. In a closed-loop version (b), that register also provides random
input to the scan path, eliminating the pattern generator.

90

potential users—the manufacturers
will try to defend the new features
and software that their systems offer
to help speed devices through pro-
duction test.

Board and system test. Once
checked and on boards, VLSI devices
will present a new set of problems in
test speed and fault isolation for the
production department. Those prob-
lems and some solutions will be dis-
cussed on Wednesday in session 10.
Along with papers on the nced and
techniques for at-speed testing of
logic and microprocesor-based
boards will be a presentation by
S. G. Kochan of Henckels, Haas &
Brown Inc. of Saddle River, N. J.,
about a new algorithm for guided
probing on functional testers.

Kochan’s paper deals primarily
with probe software algorithms but
also includes a brief description of
the hardware needed for their imple-
mentation. In particular, Kochan
presents techniques showing how to
reduce dramatically the number of
points that must be probed to isolate
faulty components on bus-structured
boards. “These stat-sensitive probing
techniques can reduce the number of
points to be probed by the operator
by a factor of 10 or more,” Kochan
claims.

Venturing beyond the board for
the first time, the conference will
consider the needs for system test-
ing, under the direction of Robert E.
Anderson, vice president of GenRad
Inc. in Phoenix and father of the
widely used 2225 functional field
tester. Sessions 14 and 17, both
scheduled for Thursday, will exam-
ine system testing in the field and
the factory, respectively.

In session 14, representatives of
1BM Corp. and NCR Corp. will unveil
portable testers built by their compa-
nies for field check of their systems.
To introduce the session, J. T. Zen-
der of GenRad will present the driv-
ing forces behind the development of
what he calls “intelligent, portable
System Test and Maintenance
(STAM) computers.” After the ses-
sion, chairman Don Cassas of the
John Fluke Manufacturing Co.,
Mountlake Terrace, Wash., and de-
signer of the 9000 series of portable
testers, will head a panel on the mer-
its of remote diagnostics, built-in
test, and portable systems. O
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- HOT SPECS:

\ THE MT89I2
{— ISO*CMOS PCM FILTER.

—— , When the specs are examined, its clear that  pe
‘ the Mitel MT8912 PCM Transmit/Receive filter

can offer your application significant
advantages. ‘\

Low power consumption is just one ‘
such advantage. The MT89I2 operates at a 1
mere 20 mW typical without power amps.
Other units come in at as much as 280 mwW. \

ldle channel noise. With the MT89I2. \
it's extraordinarily low-typically 6dBrncO \
total C message noise at output. g

Consider too the MT89125s power
supply rejection ratio:40dB at [kHz. In \
addition, the Mitel MT89I2 is pin For pin \
compatible with the Intel 12912. It meets
ATET D3/D4 and CCITT G712 specifications. e—
The receive filter includes sinx/x correction
and there is external gain adjustment of
both transmit and receive filters.

= Allin all, it's a case of hot specs
= - ( P guaranteeing you hot performance.
Transmit Filter Transfer Charactenstics Find out more about what the Mitel
0| Expanoe MT89i2 can do for your application by | —

B contacting your local Mitel saies office. \
GAIN ‘.
RELATIVE TO
$ 10 GAIN AT \
[ 2g MH2idB) Recelve Filter Transfer Characteristics \
- - - ( 30 2 +2 — -
— > 3 ’ 4
= ¢ [ ! +1 | EXPANDED
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MITEL SEMICONDUCTOR

United Stetes: 2321 Mofena Bivd.. Suite M. San Diego. California, U.S.A. 92110. Europe: 33/37 Queen St. Maidenhead. Berkshire, England 5L6 INB
Telephone (714Y 276:3421. TWX: 910335 1242. Telephone 0628 72821, Telex: 849-808.
PQ. Box 1717Q. 800 West Sefvice Road. Bredgade 65A. 2nd Floor, 1260 Copenhagen K. Denmark
Dutles internat:onat Airport. Washington. D.C., U.S.A. 20041. Telephone (01) 134712, Telex: 19502.
Telephone (703) 661 -£600. TWX: 710 833-0865.
Canada: PO Box 13089, Karata. Ontano. Canada K2k 1X3. Asia:  TST PO. Box 98577, Kowloon, Hang Kong.
Telephone (613 592-5630, Telex: 053-3221. TWX: 610 562-8529. Telephone 3-318256. Telex: 34235.
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GENERAL
INSTRUMENT

...That's what you can expect
from our ROM family.

Uncompromising attention to detail,
including quality levels of 650 PPM,
plus state-of-the-art technology
give General Instrument 16K, 32K
and 64K ROMs the reliability and
service that proves itself with every
performance.

What's more, our QTP (Quick Turn-
around Production) program guar-
antees “volume production” in4 to

6 weeks, a service made possible

by the size and scope of our world-
wide facilities.

Naturally, as the industry’s largest
manufacturer of masked ROMs, we
can afford to be price-competitive.
In other words, our ROMs will give
you quality and service at low cost.
Isn’'t that the name of the game?

The RO-3-9364 64K ROM, very
latest in our memory family, is ideally
suited for CPU memory applications.
Fabricated in our advanced silicon
gate process, it provides the best
combination of high performance,
large bit storage and simple inter-
facing. It's edge-activated, allowing
a maximum access time of 300ns
with low power dissipation. And it's
compatible with the MK 36000.

It makes good sense (and dollars,
too) to use General Instrument
ROMs. Consider the advantages —
quality, service, price and don't
forget our ROMs are pin-compatible
replacements for your EPROMs too!
For information , write General
Instrument Microelectronics Ltd.,
Regency House, 1-4 Warwick
Street, London WIR 5WB, London,
or call 01-439-1891.

We help you
compete.®
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Components

Gated MOS FETs may boot Schottkys

GE is first with synchronous rectifiers as replacement for
Schottky diodes used in low-voltage power supplies

Switching power supplies—a healthy
billion-dollar market that is growing
some 20% annually—may soon be
using power MOS field-effect transis-
tors for synchronous rectification in
their output circuits. Although inter-
est in high-efficiency rectifying cir-
cuits is widespread among power
supply and device manufacturers,
General Electric Co.’s Power Supply
operation in Fort Wayne, Ind.,
appears to have the first entry in this
field.

A 300-mil-square power FET de-
veloped by Michael S. Adler and
coworkers at GE's Corporate Re-
search and Development Center in
Schenectady, N.Y., will be dis-
cussed at December’s International
Electron Devices Meeting and in
early 1982 will show up in a.gnodular
rectifier assembly from the Fort
Wayne operation that will replace
50-ampere Schottky-diode devices,
offering one third the power dissipa-
tion at two to three times the cost.

The efficiency of switching power

by Roderic Beresford, Components Editor

supplies is well established and much
touted. At power levels of around
250 watts and higher, switchers have
clear advantages over linear supplies
in cost and size as well as efficiency.
They are even making inroads into
the linear realm between 50 w and
250 w. But at output voltages less
than 5 volts, where most mainframe
logic circuits operate, their efficien-
cy drops drastically, due for the most
part to the power dissipation in the
output diodes.

This problem has been around as
long as switching supplies them-
selves, and the best solution to date
has been the widespread develop-
ment of Schottky diodes as replace-
ments for pn-junction devices. Since
diode dissipation is a considerable
fraction of a supply’s power con-
sumption only for low-voltage out-
puts, Schottkys have not had to meet
high reverse-breakdown require-
ments; their key figure of merit is
forward voltage drop.

Schottkys presently offer 20% to

30% lower voltage drops—Q.6 V to
0.8 v in a 50-A device, depending on
the breakdown rating and junction
temperature, compared with 1 v or
more in a pn diode. Possible further
improvements are severely limited
by material characteristics: a voltage
comparable with the metal-semicon-
ductor barrier height is always
required to sustain conduction in a
Schottky diode.

This has not stopped Schottkys
from growing into a market worth
some $25 million worldwide annual-
ly, with the bulk of these sales in
devices for 20 A and higher that are
rated for reverse voltages between 20
v and 50 v. Low-voltage switching
power supplies are their single big-
gest application; the higher the cur-
rent levels in these supplies go, the
more pressing is the need for more
efficient rectifiers to hold down the
power dissipation that degrades a
system’s reliability.

Hence interest in synchronous rec-
tifiers has been growing. However,
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Fine tuning. Current flow in a power MOS FET (a) is modeled by the circuit in (b) at RCA. This model uses a new method for obtaining the
components of on-resistance and shows their relative importance in devices rated for low voltages, such as synchronous rectifiers.
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“synchronous rectification was a
dream that power-supply engineers
had for years,” possible only now
with the advent of power MOS FETs,
according to Joseph Perkinson, a
West Boxford, Mass., consultant.

Proper turn-on. A synchronous
rectifier now has come to mean a
MOS FET whose conducting channel
can be turned on at the appropriate
times relative to the voltage between
its source and drain. Since available
vertical power FETs always contain a
parasitic diode that is reverse biased
when the drain is positive: with
respect to the source, a FET for recti-
fication must be operated with the
source serving as anode, and the
drain as cathode.

Then for one polarity of voltage,
the gate is held low, giving a pn
diode’s reverse blocking characteris-
tics between source and drain, which
are significantly better than a
Schottky’s. On the other polarity,
the gate is driven high, allowing for-
ward conduction. Since dc conduc-
tion is primarily through the resistive
channel and not the pn junction, the
minimum accompanying voltage
drop is not set by a barrier height as
in Schottky diodes, but simply by the
device’s on-resistance and operating
current.

Thus one key question for the
widespread use of synchronous recti-
fiers will be the on-resistance attain-
able in a die size of about 200 mils
on a side, roughly the size of the
Schottky diodes uséd in the low-

voltage applications for which they
will compete. Since a high-voltage
blocking capability is not sought, the
device’s epitaxial layer resistivity can
be reduced.

Work on doping. At reverse-volt-
age ratings below 100 v, the major
contribution to the resistance in a
vertical MOS FET comes from the
channel itself. Because tailoring this
region’s resistance affects the thresh-
old voltage and transconductance,
work will focus on the optimal dop-
ing profiles for this application.

At RCA Corp.’s Sarnoff Research
Center in Princeton, N. J., synchro-
nous rectifiers are under investiga-
tion along with other power MOS
FETs—RCA recently announced its
entry into the power FET business
[Electronics, July 28, p. 41]. Ming L.
Tarng will be showing an analysis of
FET on-resistance contributions at
the IEDM, setting down the relative
importance on the channel, neck,
and contact resistances for varying
voltage ratings.

Tarng says that “present capabili-
ties in the laboratory need to be
refined for about a twofold improve-
ment in on-resistance to make FETs a
fair tradeoff against Schottkys, and
that could happen very soon, within
a year or so.” A factor of four in
on-resistance would virtually assure
the demise of Schottkys in switching
power supplies, but that will take
more than just fine tuning.

Advanced processing. The re-
searchers at GE are using advanced
processing techniques like plasma
etching, projection printing, and
two-step diffusions to fabricate some
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FET rectifier. A power transistor from GE promises big gains over Schottky diodes. Forward
conduction follows a resistive curve while reverse blocking is by a pn diode.
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60,000 FET cells in parallel for an
on-resistance of 0.014 ohm. As Adl-
er notes, “this is the largest power
FET yet reported and is as big a
device as one can make with reason-
able yields.”

Not surprisingly, the pricing of
GE’s synchronous rectifier module
will depend heavily on the device
yields. William Archer, manager of
development enginering in Fort
Wayne, adds that “the components
required for the drive circuit are
included in the module, amount to
less than eight parts for the two rec-
tifiers, and make them two-terminal
devices.” With proprietary drive cir-
cuitry already designed, GE appears
to be establishing a foothold from
which extended development work
can be expected to proceed.

One of the unknowns for many
potential users continues to be just
how much added cost is incurred by
the drive circuits for the FET gates.
The simplest possible drive circuit
provides additional windings on the
transformer that are tapped to drive
the gate. Given the low drive
requirements of a MOS FET, this
scheme could turn on the channel
perfectly well. However, turn-off
may require not just a voltage to the
gate, but current commutation of the
parasitic diode. The effective recov-
ery time of a FET in this transformer
circuit could be too long for
switching power supplies.

Provided that the parasitic diode
always conducts much less current
than the channel itself, it should be
possible to get secondary regulation
of power supply outputs by modulat-
ing the FET gate drive. In other
words, control circuitry could be
used not only to sense the primary
output and adjust the switching
transistor’s on-time, but to sense sec-
ondary outputs and adjust the volt-
age dropped across synchronous rec-
tifiers.

While these possibilities are in-
triguing, Schottky makers are not
losing sleep over them now. As Wil-
liam Sebastian, manager of applica-
tions engineering at TRW semicon-
ductor in Lawndale, Calif., says,
“We don’t see synchronous rectifiers
crossing over Schottkys in éither cost
or cfficiency in the near future.”
Good Schottkys now cost only about
$3 in quantity. O
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Components

Membrane keyboard boom awaited

New suppliers are attracted to market despite skepticism

in some quarters about the technology’s reliability

The still embryonic market for full-
travel alphanumeric keyboards
based on low-cost membrane tech-
nology may soon be assaulted by a
spate of new suppliers. For example,
Maxi-Switch Co. of Minneapolis,

)
A KR
Keyboard fan. A six-layer Mylar sandwich makes up Micro
Switch's full-travel membrane keyboard. it is 32 mils thick.

by Wesley R. Iversen, Chicago bureau

fast-growing market among low-end
computer and terminal makers. By
1985, membrane units could easily
account for 30% of the market for
full-travel alphanumeric keyboards
of all types, declares William R.
Spivey, marketing
manager for Hon-
eywell Inc.’s Micro
Switch division,
Freeport, I1l. “I ex-
pect we'll see more
people [keyboard
manufacturers |
jumping on the
bandwagon over
the next 18 months
and after that we'll
see a shakeout,”
says Spivey, whose
company this
spring became the
third to introduce a
line of full-travel
membrane key-
boards [Electronics,
May 5, p. 34].
Other keyboard
/ manufacturers
agree, but not all
industry watchers

and Key Tronic Corp. of Spokane,
Wash., are planning to bring out
new full-travel membrane keyboard
units within the next six months.
And the W. H. Brady Co. of Mil-
waukee has developed a new thin-
film membrane approach that it
plans to put into production during
the second quarter next year [Elec-
tronics, Sept. 18, p. 33].

The flurry of activity is spurred by
manufacturers’ expectations that the
cost advantages claimed for the
membrane technology will fuel a

96

are so optimistic.
Despite their heralded potential,
they have been slow to catch on
among keyboard users. At Gnostic
Concepts Inc., senior analyst John
Hutchison predicts that sales will
continue to be slowed by the technol-
ogy's lack of a reliability track
record. Major keyboard users will
shy away from the units, leaving it
up to the smaller original-equipment
manufacturers initially to prove their
worth in the field, Hutchinson says.
At least one leading keyboard mak-
er, Cherry Electrical Products Corp.

of Waukegan, Ill., says it has no
plans to enter the market.

“There are a lot of people who
don’t trust newfangled technolo-
gies,” as Steven W. Leininger puts
it. And at Radio Shack in Fort
Worth, Texas, where Leininger
served as director of advanced devel-
opment, there was also a question
over the cost-effectiveness of full-
travel membrane units.

Gnostic’s Hutchison, who just
completed a major keyboard study
for the Menlo Park, Calif., market
research firm, projects that domestic
OEM consumption of full-travel key-
boards of all types will soar from last
year's $147 million total to about
$542 million annually in 1985. But,
the membrane versions will account
for only $15 million, or less than 3%,
of the 1985 total, he says.

Chomeric offspring. Full-travel
membrane keyboards were devel-
oped originally by Chomerics Inc.
The Woburn, Mass., firm's Fastype
line introduced in 1979 issued from a
marriage of Chomeric’s successful
flat-panel, touch-sensitive switch
technology with conventional verti-
cally moving or full-travel keys.

But the Chomerics product ran
into problems in the market. At
Genisco Technology Corp.’s Com-
puter division in Costa Mesa, Calif.,
engineering vice president Rick Har-
ris recalls that his engineers did not
like their feel.

At the same time, at Zenith Data
Systems’ computer business group in
Glenview, Ill., computer engineering
manager T. Michael Hakeem says
his firm rejected the Chomerics line
about six months ago because of its
key tower design that led to “some
problems with sticky keys.” Instead,

Electronics /October 20, 1981



GOME 10 ThE
SOURGE

Multi-Tasking Operating Systems for Microprocessors:
We Have More Experience, and We Produce More of
Them Than Anyone. They're All Fast, Friendly and
Flexible, and You Get Them in Source Language.

Industrial Programming is the leader in multi-tasking operating systems.
MTOS Systems manage input/output, interrupts, scheduling, task coordi-
nation and time-keeping, freeing the engineer for solving specitic
application problems.

All MTOS products are based on design concepts which emphasize high
throughput and consistency, and are delivered in source form using the
primary manufacturer’s assembiler syntax.

Multiprocessor versions of MTOS allow you to add processors without
changing application software.

Alicensee is entitled to imbed the object program in his products without
further charges.

MTOS-68 FOR THE 6800 MTOS-68K FOR THE 68000
MTOS-80 FOR THE 8080 MTOS-86MP FOR THE 8086
MTOS-80MP FOR THE 8080 MTOS-86 FOR THE 8086

How good are all these MTOS Systems? Write or call us for full technical
data. That'll tell you more than we ever can here.

I Pl Industrial
Programming Inc.

Software specialists since 1963

100 Jericho Quadrangle, Jericho, N.Y. 11753, (516) 938-6600, Telex 429808

BELGIUM: BETEA S.A. Chaussee de Louvain 775, B-1140 Brussels, Phone: (02) 736 80 50, Tlx 846-23188
FRANCE: CELDIS SA, 53 Rue Charles Frerot, 94250 Gentilly, Phone: 546.13.13, Tix 842-200485 GERMANY: ALFRED
NEYEENATECHNIK. Schillerstrasse 14, 2085 Quickborn (Hamburg). Phone: 041 06/612-240, Tlx 841-213590
INDIA: SARAS ELECTRONICS, N-47, Greater Kailash-1, New Delhi-110048, Phone: 698074, Tlx 011-3532 ISRAEL:
CONTAHAL, LTD., 54 Ibn Gvirol St.. Tel Aviv 64364, Phone: (03) 269 379, Tlx 922-33654 JAPAN: TOKYO ELECTRON
LIMITED, Shinjuku Nomura Bldg., 1-26-2 Nishi-Shinjuku, Shinjuku-Ku, Tokyo 160, Phone: 03-344-5893, Tlx
781-2322240 NETHERLANDS: C. N. 00D B.V., Cort v.d. Lindenstraat 11-13, Postbus 42, 2280 AA Rijswijk, Phone:
070-996360, Tix 844-31238 SCANDINAVIA: FRONTEC MICRODATORCENTRUM AB, Box 204, Malmvagen 28,
Sollentuna, Sweden, Phone: 08-359360, Tix 854-15130 SWITZERLAND: XMIT AG, Bellikonerstrasse 218, CH-8967
Widen. Phone: 057-54656, Tlx 845-59955 UK: HAWKER SIDDELEY DYNAMICS ENGINEERING LTD., Manor Road,
Hatfield. Herts, AL10 9LP Phone: (07072) 73439, Tlx 851-24835

Electronics /October 20, 1981 Circle 97 on reader service card 97



ik
magnetics
IS your
field,
it will pay
you to check
into the
F. W. Bell

line of
Gaussmeters.

28 different meters.
110 different standard probes.
We’ve got a meter and probe

for practically every magnetic
measurement need.

Bell Gaussmeters provide:
1 direct measurement of
absolute field density.

2 differential measurement
of absolute field density.

3 differential measurement of
field density difference at two
probe locations. 4 incremental
field measurements using an
expanded scale. 5 summation
measurements.

Accuracies from =0.1% FS.
Dynamic ranges from

0.1 Gauss FS (1075 tesla) to
100,000 Gauss FS (10 tesla).

For full technical information and
application assistance,
contact us today.

ELLin

Subsidisry,
Magnetics & Efectronics, Inc.
6120 Hanging Moss Rd. Orlando, FL 32807
Phone 305/678-6800 TWX:810-853-3115

98 Circle 98 on reader service card

Probing the news

Zenith chose to run an extensive
cvaluation of the membranc key-
board brought out by Oak Switch
Systems Inc. last year [Electronics,
Aug. 14, 1980, p. 44].

The Crystal Lake, Ill., company
rates its full-travel unit capable of
100 million cycles per key, a mark
that some terminal and computer
makers specify. By mid-October,
Zenith will have completed a 5-
million-key-cycle test on the Oak
board, says Hakecem. “We're trying
to see if there’s any breakdown of
the contacts and we haven’t seen any
cvidence so far. In future products,
I'd say there’s a very good chance
that we will use them.”

As for the Chomerics line, the
company’s Membrane division was
acquired last May by AMP Inc,
where the new management is “de-
veloping new plans and strategies.
We know what the shortcomings are
[in the former Chomerics line], and
we're going about correcting them,”
says Jack A. Usner. As director of
marketing for AMP Keyboards Tech-
nologies Inc., Burlington, Mass.,
Usner says, “The company that gets
there first with the lowest cost and
highest performance will drive the

full-travel membrane market, and
we think we can do that.”

Price war. Indeed, full-travel
membranes could be in for stiffer
than anticipated price competition.
At Zenith, Hakeem notes that the
threat from full-travel membranes
has already prompted aggressive
price cutting on the part of some
mechanical-keyboard suppliers. Un-
coded membrane units from Oak are
being offered at $25 to $30 each in
volume quantitics, and mechanical
keyboards from some supplicrs are
“getting down to within $2 to $5 of
that price,” Hakeem observes.

Zenith is planning to evaluate pro-
totype full-travel membrane units
reccived from Micro Switch about a
month ago. But prices currently
being quoted by the Honeywell divi-
sion—$65 for a fully encoded capac-
itance unit in quantities of 10,000,
$45 for unencoded hard-contact ver-
sions in like numbers—seem a bit
high, Hakeem says.

For their part, the suppliers say
that prices will drop with volume
production. While conceding initial
OEM skepticism, officials at Oak and
Micro Switch contend that now is
being overcome and that initial small
to moderate production orders are
beginning to trickle in. For example,
Osborne Computer Corp., a 16-

Conductive elastomer models gain ground

Though full-travel keyboards based on polyester membrane technology are
in the spotlight now, there are signs that conductive elastomer-based
keyboards may be about to emerge as a new competitor for the low-end
computer and terminal market. Low-cost keyboards produced in the Far
East that employ synthetic rubber have been used broadly for years in Japan
and elsewhere, and more recently in the U. S. Primary application has been
in calculators, point-of-sale equipment, and other gear requiring keys with
only limited travel.

But now, U.S. keyboard users say they are evaluating Japanese-built
conductive elastomer units that offer a full-travel, typewriterlike stroke.
Before the end of the year, Maxi-Switch Co., Minneapolis, plans to introduce
an elastomer-based keyboard line with about a 0.125-inch key stroke —well
within the 0.080-to-0.170-in. travel range defined as “‘full travel”” by industry
sources. The elastomer keyboard line will be the first from a U. S. merchant
keyboard supplier to offer a full-travel stroke, believes Maxi-Switch president
Craig Stout. Maxi-Switch plans to bring out conventional polyester-
membrane-based units in addition to the elastomer line.

Elastomer-based keyboard units that offer the longest stroke typically rely
upon a molded, nonconductive silicone elastomer membrane or mat that is
assembled between a printed-circuit board and an overlay containing plastic
keys. The mat contains domed protusions that collapse under pressure.
When a key is depressed, a bump or disk or carbon-filed conductive
elastomer that has been vulcanized to the underside of the dome is pressed
against the printed-circuit board, shorting across two metal contacts to
complete the circuit. -W.R. L
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month-old Hayward, Calif., firm,
recently decided to take about
65,000 Oak membrane units over an
18-month period as one of two key-
boards to be used in the company’s
Osborne 1 low-cost portable comput-
er, says Thomas E. Davidson, senior
vice president and general manager.
Thin-film approach. One firm that
is taking a different approach to the
full-travel membrane business is the
W. H. Brady Co. Already a supplier
of conventional flat-panel membrane
switches through its Xymox division,
the Milwaukee firm has developed a
membrane technique that relies
upon the vacuum deposition of a thin
film of metal—1,000 angstroms—to
form the conductive tracks on the
membrane. Compared to conven-
tional membrane methods, which
employ conductive inks containing
silver laid down by silk screening,
the thin-film approach with nonpre-
cious metals will lead to cheaper and
more reliable keyboards, contends
Sterling F. Strause, vice president
for research and development.
Whether full-travel membranes
live up to the heady expectations of
their manufacturers, of course, re-
mains to be seen. At Hewlett-Pack-
ard Co.’s Data Terminal division in
Sunnyvale, Calif., engineering man-
ager Lance Mills says that a year-
long evaluation of a variety of key-
board products from some 30 differ-
ent vendors has led to the selection
of a keyboard technology other than
full-travel membrane to be used in
most of the division’s 1983 products.
A primary objection is the “quali-
ty of feel,” says Mills, who notes
that his firm has looked at Chomer-
ics, Oak, and Micro Switch units.
“Particularly for the office of the
future, the role model we’re trying to
emulate is the IBM Selectric.”
Evaluations are still undér way at
many OEM houses, however. At one,
Datapoint Corp. in San Antonio,
Texas, Computer Systems division
vice president and general manager
James C. Cogan says that use of
full-travel membranes in future
products would appear to offer a
30% cost advantage over the capaci-
tive keyboards that Datapoint em-
ploys in its current product line. [
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For optimal VLSI design efforts, Mead and Conway have fused
device fabrication and system-level architecture

by Martin Marshall, Larry Waller, and Howard Wolft of the Electronics staff

O The impact of Carver Mead and Lynn Conway on the
design of very large-scale integrated circuits is bringing
about a fundamental reassessment of how ICs are put
together. Mead, the Caltech professor, and Conway, the
Xerox system designer, have optimized the VLSI process
by melding the concepts of fabrication at the device level
and architecture at the system level to produce truly
integrated systems.

The work they have done, individually and together,
brought to fruition in their seminal textbook, “Introduc-
tion to VLSI Systems,” is truly monumental. In the area
of structured 1C-design methodology, they not only have
helped spawn a common design culture so necessary in
the VLSI era, but they have greatly increased interaction
between university and industry so as to stimulate
research by both.

Putting their methodology between the covers of a
book, one that is now used by more than 100 universities
around the world, was only part of their accomplish-
ment—even if it did take the better part of two years.
Rather, gaining acceptance for some of the book’s
underlying assumptions is at the heart of the matter.

Some theorists who create an important body of work
stop there, leaving the task of popularizing it to others.
Mead and Conway regarded their theories as only the
beginning and set out to popularize them. The vehicle
was the classroom: Mead through his graduate classes in
Pasadena at the California Institute of Technology, and
Conway through a landmark course she taught in
1978-79 at the Massachusetts Institute of Technology in
Cambridge as visiting professor in electrical engineering
and computer science. ‘

Mead, who describes himself as a “lifer” at Caltech,
did his undergraduate and graduate work there and then
served as assistant professor and associate professor
before obtaining the Gordon and Betty E. Moore profes-
sorship, a chair endowed by and named after the chair-
man of Intel Corp. and his wife. Conway is transplanted
from New York, with bachelor’s and master’s degrees
from Columbia University’s School of Engineering and
Applied Science.

For Mead, the seeming rush toward acceptance of his
once controversial ideas on simplified custom-circuit
design has been anything but sudden. He has promoted
his ideas whenever and wherever possible over the past
decade, facing dismissal by most of a skeptical semicon-
ductor industry. What support he did gain came mostly
from computer and systems firms interested in afford-
able high-performance devices tailored to their needs.
But giant semiconductor houses were implacable in

ignoring him and his version of design automation—
what used to be called computer-aided design. There was
one notable exception: Intel Corp., the Santa Clara,
Calif., semiconductor maker, with which Mead has long
had close ties.

About two years ago industry opinion began to shift
toward Mead’s views. The major impetus was provided
by the book, which even before its official 1979 publica-
tion date had already established itself at such top
schools as MIT, the University of California at Berkeley,
and Carnegie-Mellon University in Pittsburgh. Mead
recalls, “It was Lynn’s idea to copy the first chapters to
enable the schools to start their VLSI courses. She is
particularly good at propagating knowledge.”

For all its impact, the basic concept formulated by
Mead and Conway is simple. It holds that ICs are so
complex and dense that human designers cannot deal
with individual devices; instead, they must be handled at
a higher level of integrated system architecture. Though
today this is a truism because of VLSI's complexity, that
view was radical when it was first enunciated some 10
years ago.

Still, the implications of the Mead-Conway concept
disturbed semiconductor industry powers. For one thing,
it advocates establishing many small groups to design
custom proprietary circuits, attacking the concept of the
standard 1C, which was the bread and butter of the
business. For another, in the mid-1970s Mead in particu-
lar began calling for what are called silicon foundries
that would accept and fabricate independent designs.
(The term silicon foundry was coined by Intel’s Moore,
but Mead disseminated it.)

The unpopularity of such views was almost inevitable.
One well-aimed criticism called the approach an over-
simplification of the difficulties of device design and held
that it overburdened fabrication engineers. Another barb
claimed the approach failed to account for basic differ-
ences among process technologies.

Another source of friction was Mead’s prediction of a
widespread restructuring of the semiconductor business
to separate design and fabrication functions. It is not
surprising that industry officials who struggled to build
their companies grumbled about “ivory tower aca-
demics” who offered economic advice.

Such criticism is brushed aside by Mead. He simply
points to events of the past year, which he believes are
proving out his ideas and moving the industry in the
directions he charted—for example, Intel’s establish-
ment of a silicon foundry in Chandler, Ariz. [Electronics,
Sept. 8, p. 39]. Smaller firms dedicated as foundries also
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have been springing up. Mead is quick to predict that the
sprcad of the Mcad-Conway design-automation concepts
signals nothing less than “an innovative revolution that,
once started, nothing will stop.”

Mead and Conway’s collaboration dates back to 1975,
when Conway began to participate on behalf of Xerox in
what became the Silicon Structures Project. Her partici-
pation was the result of the cooperative effort between
Xcrox and Caltech put together by the brothers Bert and
Ivan Sutherland. Bert was manager of the systems
scicnce laboratory at Xcrox's Palo Alto (Calif.)
Rescarch Center and Ivan was the co-creator of the
structures project. *“I was working on special-purposc

multiproject chip design had been made by clectron-
beam lithography at Micromask Inc. in Santa Clara,
Calif., and the wafers had been proccssed at Hewlett-
Packard Co.’s I1C processing lab in Palo Alto. The dice
had been cut and packaged with custom wiring running
from the 40-pin dual in-line package to the intcrnal pads
for each separate circuit project within the chip. Each
student reccived a silicon implementation of his design.
“Many of the designs were fully functional,” Conway
says.

Buoyed by the success of the project, she returned to
California in the spring of 1979 with an cven more
ambitious plan in mind: a network of university projects

architecture for
image processing
at the time,” re-
calls Conway. “I
had become
awarc that there
was a gap be-
tween the sorts
of systems we
could visualize
and what we
could actually
get into hard-
warc in a timely
way."”

For that rca-
son, designers of
digital systcms
were almost en-
tircly limited to
using off-the-
shelf logic. In
onc design, Con-
way recalls, her

The 1981 Achievement Award

For their work in structuring the methodology of the design of very large-
scale integrated circuits, summed up in the basic textbook on the subject,
"Introduction to VLS| Systems,"" Carver Mead and Lynn Conway have been
designated by the editors of Electronics as the recipients of the magazine’s
eighth Achievement Award. The efforts of Mead, the Gordon and Betty E.
Moore professor of computer science and electrical engineering at the
California Institute of Technology at Pasadena, and Conway, research fellow
and manager of the VLS| system design area at Xerox Corp.'s Palo Alto
Research Center in California, have begun to transform the thinking of
semiconductor makers around the world.

Previous winners have been: in 1974, Gordon E. Moore, president of Intel
Corp. for his overall accomplishments; in 1975, the four developers of
integrated injection logic, Horst Berger and Siegfried Wiedmann of Interna-
tional Business Machines Corp. and Arie Slob and Cornelius Hart of Philips of
the Netherlands; in 1976, Robert C. Dobkin of National Semiconductor Corp.
for linear-circuit development; in 1977, Charles H. House of Hewlett-Packard
Co. and B. J. Moore, president of Biomation Corp., for major instrumentation
innovations; in 1978, Paul Richman, president of Standard Microsystems
Corp., for advanced developments in MOS technology; in 1979, Andrew H.
Bobeck of Bell Laboratories for his role in the invention of magnetic-bubble
memories; and in 1980, Abe Offner, Jere D. Buckley, and David A. Markle for
their development of the projection mask aligner at Perkin-Elmer Corp.

modeled after
hers at MIT.
Each would de-
sign a multipro-
ject chip, format
it, and transmit
it to the Xerox
rescarch center
via Arpanet, the
packet-switched
communications
network of the
Department of
Defense’s Ad-
vanced Research
Projects Agency.

“It was basi-
cally a stunt to
show the power
of the vLSI de-
sign and imple-
mentation me-
thods,”’ states
Conway. “It in-

volved broad-

group imple-
mented an im-
age-processing system in medium-scale TTL ICs but
couldn’t make it sufficiently compact or cost-effcctive
without cquivalent VLSI circuits. “At the same time |
decided to expand my knowledge from computer archi-
tecture to silicon, I met Carver, who was coming upward
from a knowledge of 1Cs into computers,” she says. The
meeting point was an LSI systems area that Conway and
co-workers had formed at the Xerox research center to
simplify its design methods.

“We finished the draft of the book just beforc I had to
tcach the prototype class at MIT in the fall of 1978,” she
says. “We printed 300 copies at Xerox. Some were
shipped down to Carver, and I loaded the others into my
stationwagon and drove off to MIT.” The rest, as they
say, is history.

The MIT class was a smash hit: the students learned
about the methodology in September, created their own
designs in October and November, and handed them in
by carly December. Six weeks later, the masks for the

casting the rules
of the game over Arpanct and creating the VLSI imple-
mentation system software. We got Stanford, Berkeley,
Caltech, the University of Colorado, MIT, the University
of Illinois, the University of Washington, the University
of Rochester, and Carnegie-Mellon to participate.”
Again the chips were fabricated at HP, but this time the
cycle took only 29 days and the chips were delivered on
Jan. 2, 1980.

The MIT class marked a triumphant return there for
Conway, who had studied physics at the school before
transferring to Columbia. She had joined International
Business Machines Corp. at its Yorktown Heights,
N. Y., research headquarters in 1964, moving to Califor-
nia the next year when it established its advanced com-
puter rescarch laboratory in Menlo Park. While at 1BM,
she made major contributions to the architecture of
ultrahigh-performance computing systems. In 1969 she
joined Memorex Corp., where she was processor archi-
tect of a small business computer just before Memorex
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decided to get out of that market. She joined the Xerox
research center in its early days in 1973 and began
working on a combined optical character recognizer-
facsimile system. It was that project that triggered her
desire to create systems in VLSI.

Mead’s interest in design automation goes back to the
late 1960s, during a project to scale down iCs. “Calcula-
tions on how small they could go showed that the answer
was lots smaller —down to 0.25 micrometer.” Since at
that time minimum feature dimensions were down only
to 10 um, Mead’s conclusion itself was controversial.
“But to this day the 0.25-um figure has held up, despite
many people taking cracks at it,”” he says.

Nevertheless,
posing the possi-
bility that geom-
etries that small
were within
reach raised the
central question
of how to design
them. “‘Since
then we've been
trying to find
out,” Mead says.

Along the e
road to that L
knowledge came ’ %
Caltech’s first 5&
algorithmic soft- o= ~on
ware package il o L%
for cap. It 3 ‘m |
evolved from a It
program for de- 1% ' ® i
signing printed- LT St o L
circuit boards gl (m |
that Mead pur- § ’ I
chased in 1970 B A e R
for $5,000 out of
a special re-

search and de-

velopment fund. Mead’s graduate students designed an
experimental clock chip, making their own masks, which
were run through Intel’s fabrication line. “We boot-
legged it through unofficially,” says Mead, “although we
told Robert Noyce [Intel’s vice chairman] and Gordon
Moore about it later.”

Any discussion about the Mead-Conway methodology
comes back to the book. “In electronics, a new wave
comes through in bits and pieces,” observes Conway.
“Usually, after it has all evolved someone writes a book
about it. What we decided to do was to write about it
while it is still happening.

“Qur method was to project ourselves ahead 10 years,
and then write the book as though reflecting back upon a
decade. Then we would let the people in the community
critique it, and let the book itself become the focal point
for the creation of methods.”

P EE ED %W
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Joint project. This is one of the chips in the 1979 round-robin design project, which Lynn
Conway calls a network adventure involving students in @ multichip, multiuniversity project.

With such a large body of interdisciplinary knowledge
available, Mead and Conway had to struggle with selec-
tion. “We had to figure out which knowledge was not
needed,” she says, “and come up with the simplest subset
required to do any digital design.” The pair decided that
n-channel MOS was the ideal technology for their meth-
odology and also decided to bypass Boolean logic gates
as an intermediate step. Replacing them: simple field-
effect transistor switches and such devices as stacks,
barrel shifters, and functional blocks that are replicated
to form larger subsystems. “We also decided that we
could normalize the design rule to the resolution of the
process,” says Conway. “Later on, we could ask about
the value of the
minimum line
width.”

By putting to-
gether a set of
design rules that
was independent
of line width,
Mead and Con-
way were avoid-
ing some of the
difficulties of
standard semi-
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. conductor design
B practice. They
& ‘t"«'* - . skirted the issues
% % of fine tuning of
] 15} j the fabrication
g ¥ line by making
n B some fundamen-
w & ¢ tal assumptions
s (= {= about such ques-
a 2 A : ; tions as how
w | y wide metal
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should be in pro-
portion to poly-
silicon. ‘“‘We
wanted to come
up with something that students would learn once and
retain,” says Conway. “We chose the ratios based on
Carver’s knowledge of where the processes are headed.”
These ideas anchored the book.

Any lingering doubts about the practicality of Mead
and Conway’s approach must have been dispelled by the
appearance of the Motorola 68000, the 16-bit micropro-
cessor whose design was significantly influenced by the
duo’s methodology. The 32-bit iAPX-432 from Intel put
the icing on the cake.

Besides the commercial components that have benefit-
ed from Mead-Conway design rules, a complex experi-
mental floating-point processor was designed by Digital
Equipment Corp. using the duo’s principles. The job took
much less time than with traditional methods. Also
notable among VLS chips designed in academia is MIT’s
public-key encoding IC with its 40,000 transistors. O
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¢These new systems combine
accuracy and high volume.
Quality testing
has never costless? sz g veerrian

106 Electronics /October 20, 1981



Electronics /October 20, 1981

Recently, some customers came to us with a problem.

They said our big test systems were ideal for develop-
ment. But they needed that same quality testing at much
less cost for the production of high volume devices.

So we rolled up our sleeves and designed two new
low cost test systems. The A351 for industrial linear
devices. And the J385A for dynamic RAMs up to 256k.

These new systems have the lowest testing costs
in the industry. And both offer the
same high accuracy as our larger
systems.

The A351 and J385A are
actually smaller versions of our
field-proven A300 and J387A. We
took out a lot of hardware in
exchange for production floor effi-
ciency and space economy.

What'’s more, software costs
are minimal. Software developed
for the A300 and J387A can be
plugged into the smaller testers.

This assures identical test
results in design and production.
So any production problems will be
found quickly. And better quality
products will be shipped out.

Both the A351 and J385A
easily accommodate automatic
handlers and probers. The A351
has 4- way multiplexing which
gives it the lowest capital cost and
highest throughput in the industry.
And the J385A accommodates
RAMs up to 256k, so it will be on line into the 1990’s.

Our new low cost testers prove quality and economy
aren’t mutually exclusive.

At Teradyne, quality is always a matter of economy.

For more information write us at 183 Essex Street,
Boston, MA 02111. Or call (617) 482-2700.

We measure quality.

Circle 107 on reader service card
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Shown from top to bottom: CM 16/DS2 Multiprocessor System; CMT 68000 CPU; CM 16/DS2 Storage Subsystem.
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The Complete Family Of 68000 Systems And Products.

CM Technologies presents a complete family of Multtibus*-
compatible computer products and systems based on the
Motorola 68000. From our CMT 68000 16-bit single
board computer to the CMS Series 16 Mulitiprocessor Sys-
tems, you can choose the state-of-the-art solution to in-
crease your system performance and reduce development
time and risks.

The CMT 68000 CPU board provides system designers
with a high-performance 68000-based single board com-
puter including 64K of dual ported RAM. The CMT 68000
CPU is also available set in an industry-standard 19" chas-
sis, 9-slot Multibus card cage with serial I/O ports and
power supply. Either way, you get the most powerful 16-
bit microprocessor available today in the popular Muitibus
standard which will help speed your product to market.

For software development, CM Technologies
offers a range of options. Using the CMS 16/D5SI,
software may be developed on any DEC**
PDP-11** and the finished program down-
loaded to and debugged on the CMT 68000
CPU. The top of the line is the CMS 16/DS2 Multi-
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\I'M Telex: 334417 Cable: CHIMINGCO

processor System, a powerful CP/M based computer
system with dual processors, which functions as a stand
alone, real-time development system. A Z80 CPU func-
tions as an I/O controller or a bus master to run CP/M
application software. A CMT 68000 CPU runs the main
program and is the execution vehicle for developing cus-
tom applications. For storage, the CMS 16/D52 provides
a built-in 11 Megabyte Winchester drive and a dual-
sided, double-density floppy disk.

When you add it all up, CM Technologies delivers the
family of state-of-the-art products you need for product
development. Best of all, they’re available now, so you
can start designing today.

“Muitibus is a registered trademark of Intel Corporation.
**DEC and PDP are registered trademarks of Digital Equipment Corporation.

For more information, call or write:

CM Technologies
525 Unlversity Avenue
Palo Alto, CA 94301 415/326-9150

Circle 109 on reader service card 109



Cutting

7 Fluke simpli
MICIo-System

“Our biggest headache
with micro-systems was
fault isolation. We tried
every test instrument
available. Nothing did the
job until Fluke introduced
their new Troubleshooters.”

‘| spent more than six
months buitding fixtures
and writing programs for
our last micro-system
tester. Even then it wasn't
up and running right.
That's frustrating...and
expensive!

“People think you have to
be a software wizard and
an engineer to service
micre-systems...and
with other test equipment,
you do.”

. “The 9010A is fast,
., versatile and easy to use.
% And we won't have to
trade it in on a new
model next year.’




service

At Fluke, we spent over two years talking to
frustrated manufacturing and field service people
around the world about this critical problem, and
designed the 9000 Series Micro-System Trouble-
shooters in direct response to their concerns. The
9010A, the first in the series, is available today.

The real value, however, lies in what the 9010A
doesn't cost. It frees you from front-end program-
ming, software documentation, signature records
and tedious wiring hookups. The 9010A repre-
sents a whole new class of service instruments.

It lets you start testing today.

Fluke's solution is simple. The 9010A has the most
practical interface you'll find: a self-contained pod
for each microprocessor type. Just plug into the
uP socket of a known good board, press the
LEARN key and a revolutionary algorithm

goes to work.

The 9010A automatically locates and identifies the
RAM, ROM, and read/writable I/O on the bus of the
unit under test and stores their characteristics in
memory. No need for current software listings;
this feature alone can literally save you months of
front-end programming time. Operators without
extensive training in digital logic can use the
9010A with confidence. ..and without delay.

Not with the 9010A. Automated tests for the entire
kernel (RAM, ROM, I/O, power supply and clock)
can be run with the push of a button. Also
provided: automatic patterns to stimulate
components like readouts, print heads, relays,
interfaces and CRT's; a unique “loop-on-failure”
control for isolating intermittent faults; and a

“smart” probe that can be synchronized to uP
timing. These features give you a solid head start
in developing special programs for off-the-bus
testing as well. And the 9010A is fully interactive,
so these programs can be generated and
debugged directly on-line.

That's right. The 9010A is one of three Trouble-
shooters Fluke will introduce between now and
January 1982. All of them will be fully compatible
with 8-, 16-, and 32-bit uP's, All uP-dependent
functions are located in the interface pods.
Currently available pods include the 8080, 8085,
280, 6502, 6800 and 9900.

For details, and a schedule of future pod support,
use the coupon below.

IFLUKE]
®

IN THE U.S. AND NON-
EUROPEAN COUNTRIES
John Fluke Mig. Co., Inc.

P O. Box C9090, M/S 250C
Everett, WA 98206

(206) 356-5400 Tix 152662

0 Please send me 9000 Series information
0/'d like a demonstration. Please contact me

— e m wm FAST RESPONSE COUPON o e o e o o e e

Tilburg, The Netherlands
(013)673 973 Tix 52237

We use the following microprocessor types in our products

Name

Title

Company

Address

City

Telephone{ )

For technical data circleno. 110

1981 John Fluke Mig. Co..inc.  All nghts reservea
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Now you can buy the LSI-11/23 CPU
with or without the memory.

And save up to 27%.

It's always made good business sense to buy the LSI-
11/23, Digital's highest performance 16-bit micro.

But we've found a couple of ways to make it an even
more attractive proposition. First, we've made the memory
board optional, so you can buy the CPU separately for
greater design freedom. Second, we've reduced the price.
By up to 27 % when you buy the CPU and memory
together. Or buy the memory alone and save even more.

The LSI-11/23 has the proven PDP-11 instruction set
of more than 400 powerful commands. Execution speeds
rivaling those of a mid-range minicomputer. Expandability
which allows your system to grow as your needs grow.
While preserving your software investment.

For complete details, fill out the coupon or contact
the Hamilton/Avnet, Harvey Electronics, Pioneer or Wyle
distributor near you.

Or simply call toll-free (800) 225-9222 and ask us to send
Micros Information Package # N-182 .InMA, HI, AK and
Canada call (617) 568-5707.

Please rush your 16-bit Micros Application Information
Package to me at once. My application is:

(] Laboratory/Scientific [] Data Communications
(] Industrial Controls (please specify)

[J Other (please specify)
Name

Title
Company

Street

City
State Zip Tel( )

Digital Equipment Corporation
Microcomputer Products Group, HL2-2/E10, N-10-20-1
|_ 77 Reed Road, Hudson, MA 01749. DEC-C-182 _|

We change the way
the world thinks.
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On all fronts. Great strides continue, from the macro to the micro
level. Shown clockwise from left, the shuttle Columbia will loft new
satellites into space; computerized color graphics clarify circuit
design and lend startling realism to flight simulation; circuit densities
rise to new levels, as in this bipolar microprocessor; such circuits
adopt the low-cost packaging of plastic chip-carriers; and commer-
cial products begin using 1-micrometer features.
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A maze of arrays. The
gate-array business is flour-
ishing, as new and old
companies alike sell the
slices or the services to
interconnect them. This
unit from one of the newer
companies, Applied Micro
Circuits Corp., incorporates
high-speed emitter-cou-
pled-logic cells but can
interface with either ECL or
TTL circuitry.
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[ In semiconductor technology, no
matter where the eye of the observer
rests, an unceasing stream of activity
immediately claims attention—this was as
true in the past year as it ever has been, and it
is true across the board in digital bipolar and
MOS technologies. Similarly, linear technologies
continue their inexorable climb towards ever greater
heights of refinement. Activity in the semicustom logic
market has been frantic, with established and start-up
companies alike unwrapping logic arrays or design-
automation services to turn a customer’s random logic
into silicon.

Standard logic families have not been neglected either,
with bipolar gate packages receiving a big push from
advanced Schottky TTL and emitter-coupled-logic pro-
cesses. It is a good thing, because the latest comple-
mentary-MOS logic gates are swiftly closing the perform-
ance gap on the last generation of low-power Schottky.

MOS technology in general is benefiting from methods
that isolate the devices and protect them from the
destructive side effects, which would otherwise come
from the aggressive down-sizing that is in store. Work
continues apace on insulating substrates, but sooner to
surface will be metal silicides that will bring dramatic
reductions in stage delays.

The speed and density of C-MOS technology is catch-
ing up with n-channel MOS so fast that it seems to have
time-traveled. In a way it has, because all of the
improvements that took so long to develop for n-MOS are
being applied to C-MOS overnight. The performance of
C-MOS is also being enhanced with twin-well structures
that optimize both transistor types.

Bipolar technology is not content to stand still and
‘watch MOS grow fast and dense. If anything, the latest
bipolar processes prove the technology has remarkable
speed and layout improvements in store. Research and
development of gallium arsenide circuitry has never been
more heated, with complete memories and processing
units being built. Submicrometer lithography is creating
the fastest Josephson junctions yet. New materials and
constructions underscore the technology’s viability for
the ultimate in high-speed signal and data processing.

Linear processes are merging technologies to optimize
many functions simultaneously. Voltage regulators will
be adorned with field-effect-transistor or merged bipo-
lar-FET output stages but use standard bipolar control
devices. MOS output devices, integrated with logic cir-
cuits, now allow display driving and other high-voltage
applications to be performed with integrated circuits.
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ogic arrays proliferate; digital
MOS and bipolar processes find
new ways to speed up and
squeeze down; linear circuitry
stresses merged technologies

by John G. Posa, solid state £ditor and Roderic Beresford, components Editor

Continued refinements in junction-FET-bipolar pro-
cessing is being coupled with laser and zener-diode trim-
ming techniques to improve the input-stage specifica-
tions of monolithic amplifiers. Bipolar processes show
plenty of life for data-converter applications, with device
structures that perform well on either side of the digital-
analog interface.

New logic arrays

A myriad of new logic-array products has been intro-
duced. A good number of the recent start-up companies
in Silicon Valley intend to sell or wire up gate arrays,
and numerous technology-exchange agreements have
been set up to speed market development. According to
one of the start-ups, LSI Logic Corp. of Santa Clara,
Calif., the compound annual growth rate for logic arrays
between 1980 and 1985 will be 75%, as the market swells
from about $90 million to $1.5 billion.

Part of that market is for very-high-speed ECL chips,
consumed primarily by computer manufacturers. Fair-
child, Motorola, Hitachi, and Nippon Electric are
among the most active ECL-array producers. Fairchild’s
latest offering—the F300—has perhaps the highest
packing density of all with over 5,000 equivalent gates.

The other gate-array market segment is made up of
TTL-compatible slices. High-performance c-Mos is very
popular here, with large, fast chips available or promised
by Toshiba, Mitel, International Microcircuits, and
Applied Micro Circuits, among others. The latest C-MOS
chips feature at least two levels of interconnection, and
up to 10,000 gates in the case of Toshiba.

Analog and digital together

C-MOs arrays also invite analog and digital functions
to be integrated on the same die. Carrying this asset a
step further, Applied Micro Circuits Corp. of Cupertino,
Calif., introduced a Cc-MOS chip partitioned into four
quadrants to accommodate linear and digital subsys-
tems. The digital side allows the equivalent of 1,500
gates, whereas the analog portion contains complete
C-MOS operational amplifiers, current mirrors and gen-
erators, and so on.

Gate arrays will become increasingly significant as
software algorithms that automatically simulate, wire,
and test the devices are put into a form that customers
can take advantage of easily. Communications between
customers and gate-array makers will turn more and
more to remote computer links, and this will promote the
silicon-foundry concept, allowing semi-custom and then
fully custom very large-scale integrated circuits to be
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designed in one place and fabricated at another.

The third-gencration high-performance MOS process,
or H-MOS-I11, could make a 1982 U. S. debut— Motorola
Inc. and Intel Corp. arc the most likely sources. Accord-
ing to the former, it will be characterized by gate lengths
and dclays of about 1.7 micrometers and 1 nanosecond,
respectively. Just as H-MOS-11 afforded a 2-to-1 density
improvement over 11-MOS-1, the third gencration will be
twice as densc as its immediate predecessor and should
allow over 600,000 devices per chip. Thus, it will be
nceded for 256-K dynamic random-access memorics and
advanced microcomputers.

H-MOS-I111 will nceessarily improve on the basic MOS
transistor’s structurc. Mcthods will be needed to limit
thc cencroachment of ficld-oxide and channel-stop
implants into active arcas. Source-drain regions will not
be allowed to overlap with the gate, and they may have
to be lightly doped ncarest the gate or buried to avoid
punch-through and surface cffects, respectively. Polysili-
con will have to be replaced or augmented with a higher-
conductivity silicide or metal, and contact resistance will
need to be lowered.

Insulating substrates, too, would be beneficial for
device isolation and higher performance. The viability of
sapphirc as an insulating substrate is being incrcased
through the Department of Defense’s very high-speed
integrated circuits program (VHSIC) and through Toshi-
ba’s cfforts to make it commercially affordable. In addi-
tion, Texas Instruments Inc. and the Lincoln Laboratory
of the Massachusctts Institute of Technology are finding
cheaper ways of anncaling polysilicon on oxide.

Isolation techniques

The Musashino Electrical Communication Laboratory
of the Nippon Telegraph and Telephone Public Corp.
has come up with two rather curious ways to isolate MOS
devices: Simox, for scparation by implanted oxygen, and
Fipos, for full isolation by porous oxidized silicon. With
Simox, oxygen ions arc shot decply cnough into the
substratc to form a buried insulator. With Fipos, an
clectrochemical process converts the p-doped silicon sur-
rounding n-type wells into porous material, which quick-
ly oxidizes in an clectrified acid bath, leaving diclectri-
cally isolated islands.

Though not intending to provide diclectric isolation, Ti
and Bell Laboratorics are building VLSI MOS chips on an
cpitaxial layer. Both do this for their 64-K dynamic
RAMs, and Bell Labs in Murray Hill, N. J. has designed
a 32-bit C-MOS microcomputer using cpitaxy. Mitsubishi
has also published on its intentions to build dynamic
memorics on cpi layers,

The lightly-doped cpitaxial layer facilitates a highly
conductive substrate that limits the lifctime of minority
clectrons—thereby reducing leakage currents, particu-
larly thosc associated with critical storage nodes. More-
over, when used for C-MOS, the heavily doped substrate
forms the basc contact of parasitic bipolar voltage, there-
by providing a low-resistance path for carriers that
might otherwisc cause thyristor-like latchup.

Although high-performance MOS processes usc thick,
recessed ficld oxides, techniques are needed to make the
oxide walls steeper so that devices can be packed more
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10,000 gates due. Toshiba is developing a line of C-MOS gate
arrays, the biggest of which will integrate 10,000 gates. This one has
6,000. it has worked out a deal whereby LS| Logic Corp. will provide
gate wiring and other services for U. S. customers.

tightly. Toshiba Corp. publishes regularly on such struc-
tures, which necessarily lack the bird’s beak common to
standard sclective oxidation processes.

Scveral new methods have also been proposed to limit
the emission of hot carricrs from the channel, as scaled-
down MOS FETs arc subjected to high operating voltages.
International Business Machines Corp. has proposed the
inclusion of shallow, sclf-aligned n- regions between the
channcl and the n* source-drain regions to sprcad out
the high clectric ficld in the drain-pinchoff region. Nat
only docs the technique surpress hot-electron and short-
channel cfTects, but 5-volt parts are able to withstand 8.5
v and are over 50% faster—albeit with a corresponding
increasc in power consumption,

Bell Labs has made similar improvements to the basic
double-diffused MOS structure by burying thc drain
region under the field oxide. Current flows down and
away from arcas pronc to clectron emission, and no
short-channel effects have been observed —cven when
gatc lengths are trimmed down to 0.25 um.

To keep source-drain regions from undercutting the
gatc electrode, TI is cxperimenting with a process that
lcaves a thick sidewall oxide attached to the polysilican
gatc to space the source-drain implants a short distance
away from thc gate electrode. Even if the implants
sprcad out due to subsequent processing, gate undercut-
ting is still avoided.

The Dallas-based company is also one of several man-
ufacturers nearing commercial application of metal sili-
cide to lower the resistance of polysilicon gates and
interconnections. The refractory metals will also be used
for more substantial ohmic contacts to source and drain
regions. T1, Intel, and Bell Labs have recently described
methods for applying a silicide directly onto drain and
source regions at the same time that it is deposited on
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Expanding families. Schottky TTL and its low-power counterpart
LS TTL have spawned advanced gates with delays well below 5 ns.
At the same time, high-speed C-MOS processes have resulted in new
families that will compete with older bipolar parts.

top of the polysilicon gate electrode.

Even if individual devices are optimized in terms of
speed and power dissipation, chip density is equally
dependent on device layout. Several clever ideas to con-
serve die area have recently cropped up.

One is the single-device-well MOS FET, developed
jointly by researchers from the University of Waterloo in
Ontario and Bell-Northern Research in Ottawa. In this
SDW structure, a single doped well contains a surface
enhancement-mode device and a buried depletion-mode
FET that share a common gate. With this merging of
devices, only two of the wells are needed to build a static
RAM cell. The concept also benefits analog circuits, since
an entire MOS differential pair plus current source can
fit into one well.

3-D compactness

SDW devices are compact because they are three-
dimensional. Similar methods have also been described
to shrink C-MOS gates by stacking n- and p-channel
devices on top of one another. Both the Lincoln Lab and
CNET-CNS of Meylan, France, have recently suggested a
double-polysilicon C-MOS structure wherein the upper
film is laser-annealed to serve as a second substrate. This
allows the heavily-doped first-level-polysilicon gate to
control two channels—one above it and one below.

Even without such space-saving measures, the popu-
larity of C-MOS technology will continue booming. By
now every major MOS chip maker in the world produces
C-MOS components or has a program underway to do so.

VLSI’s requirement for lower power dissipation is not
the only reason for the widespread support of the tech-
nology, either. Now that C-MOS has been scaled down
and given polysilicon gates and multiple levels of inter-
connection, it is as fast and as dense as n-channel MOS.
Moreover, the complementary devices allow digital and
analog circuits to be mixed on one die.

Early C-MOS structures had the n-channel FETs in
p-type wells, primarily because boron—a p-type-
dopant—was the only impurity that could form deep,
lightly-doped regions. Later silicon-gate C-MOS processes
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also incorporated p-type wells. But then it dawned on
somebody in the industry that an n-well process—one
that favors the faster and usually more ubiquitous
n-channel devices—makes more sense. So several C-MOS
chip makers have since either started off with or are
switching to n-doped wells.

Beyond n-type wells, however, are twin-well structures
that allow n- and p-channel transistor characteristics to
be independently adjusted. Hitachi, Integrated Device
Technology, and Bell Labs all use double-well processes.
As device features are further refined, it is expected that
other companies will do the same.

Bipolar boosts

Apart from the enormous efforts to elevate the effi-
ciency of MOS circuitry, equally impressive work has
gone into bipolar technology. Unlike MOS devices, which
depend on ever-shorter lateral dimensions for higher
speed, the performance of bipolar circuitry largely
hinges upon finer vertical dimensions. Other factors
aside, MOS FETs benefit from shorter channels and bipo-
lar transistors from thinner base regions.

In addition to geometry reductions, oxide isolation,
and self-alignment, bipolar structures need shallower
implants and thinner epitaxial regions. NTT’s Musashino
lab has used all of these techniques in its super-self-
aligned bipolar technology and has been rewarded with
submicrometer base widths and 63-picosecond gates.

1BM Corp.’s Thomas J. Watson Research Center in
Yorktown Heights, N. Y., is also investigating the pros-
pects of bipolar technology for vLsI, and it has built
subnanosecond integrated-injection/merged transistor
logic (1’L/MTL) circuits. It sees a need for both high-
performance bipolar circuits with high-drive capability,
such as ECL circuits, and low-power, high-density cir-
cuitry like its 1’L/MTL. It says judicious mixing of both
circuit types will enhance the potential of bipolar tech-
nology in the VLSI era, and that further research is
warranted because bipolar devices can be scaled down
without suffering from punch-through and low gain.

Other variants of 1L —integrated Schottky logic (ISL)
and Schottky transistor logic (STL)—are on the drawing
board at TI, Philips Research, and Fairchild. TI has
stated it will introduce an advanced version of its STL
process later this year that will enable subnanosecond
gates that dissipate less than 250 microwatts. Research
at Fairchild suggests that with 0.5-um feature sizes,
300-ps injection-logic gates would result.

Since injection-logic gates are based upon output
diodes, a method to shrink the diodes would compact the
gate. TI is working on lateral diodes that might be
suitable for its STL. They are formed with arsenic and
boron implants that are adjacent in a strip of polysilicon
also used for interconnections.

If these diodes work out, they could be placed over the
gate for very high densities. In fact, since logical deci-
sions in injection-logic gates are carried out via the
output diodes, logic operations in such a structure would
be accomplished entirely in the interconnection pattern.

IBM engineers have developed two circuit techniques
to speed up bipolar gates. One, which makes use of
saturated transistors instead of bulky capacitors for ac

119



Field spreader. To combat hot-electron injection and short-channel
effects, IBM forms lightly-doped extensions to drain and source
regions. The regions spread out the electric field and allow MOS
field-effect transistors to operate with higher breakdown voltages.

coupling, has yielded a NOR circuit exhibiting a speed-
power product of 0.4 picojoule. The technique is
expected to transform, for example, a 20-ns, 2-to-3 watt
memory chip into a 12-ns, 1.5-w unit while doubling its
density. In logic, the idea may allow up to 10,000
0.15-milliwatt gates to be crammed onto one chip.

IBM’s other bipolar circuit innovation is known as
low-voltage inverter logic. Not only does it allows speeds
twice those of ECL, it uses a fraction of the power. The
basic embodiment of LVIL is a two-stage NOR circuit
containing five transistors and three resistors; two capac-
itors could be added for even faster operation. With
2.5-um layout rules, an LVIL gate approaches 350 ps at
power levels under 2 mw; it seems a prime candidate for
IBM’s extensive gate-array program.

Gallium arsenide advances

Owing to the availability of high-quality starting
materials and of maturing processing techniques, gal-
lium-arsenide ICs are proliferating. There are no off-
the-shelf LSI GaAs chips, but military and very high-
speed proprietary applications are fostering superfast
data and signal processors and memories. Although cur-
rent work centers on depletion-mode or normally-on MES
FET circuits, GaAs chips around the corner will employ
both depletion- and enhancement-mode devices. Bipolar
GaAs chips are also in the offing, thanks to controlled

ion implantation, and work continues on GaAs metal-
insulator-semiconductor (MIS FET) logic. Beyond these,
progress is slow but sure in developing chips made of
other I1I-V compounds, notably indium phosphide.

Two principal contributors to GaAs technology, Rock-
well International Corp.’s Thousand Qaks, Calif., Elec-
tronics Research Center and Hewlett-Packard Co.’s Palo
Alto (Calif.) Laboratories, continue to refine their deple-
tion-mode processes. With its buffered-FET logic, HP will
soon report on a medium-scale-integrated GaAs word
generator that operates at a 5-gigabit-a-second data
rate. Rockwell with its Schottky-diode FET logic, has
succeeded in constructing a 1,008-gate 8-bit GaAs mul-
tiplier that delivers a 16-bit product in 5.2 ns.

In addition, Rockwell is working on GaAs charge-
coupled devices that might make possible subnanosecond
information processing based upon 10° to 10'? equivalent
multiplications per second. It has also built a GaAs
32-by-32-bit imaging array and bipolar circuits.

TI, too, has been cultivating a bipolar GaAs structure
for over a year. One of the attractions of bipolar GaAs
for the company is the ability to fashion I2L-like gates,
which in turn make for compact gate arrays.

Importantly, with GaAs chips that combine ernhance-
ment- and depletion-mode devices, many of the same
principles used to design silicon chips can be directly
applied. Static GaAs RAMs using enhancement- and
depletion-mode devices were detailed late last year by
the McDonnell Douglas Astronautics Co. and Lockheed
Corp.’s Microelectronics Center.

Just as IBM improved silicon bipolar circuits with
capacitive coupling, dense capacitively-coupled GaAs
gates have been developed independently by British
Telecom and the Electrotechnical Laboratory of Japan’s
Ministry of International Trade and Industry. Both
designs require just two transistors and one Schottky
diode per stage. The diode is reverse-biased to act as the
coupling capacitor. The highly compact circuit requires
no negative power supply, but it does need initialization
and must be operated above a minimimum frequency.

The Japanese company most serious about GaAs tech-
nology seems to be Fujitsu Ltd. Using HP’s buffered-FET
logic, it has already built a gate array and wired it up
into a 4-bit arithmetic and logic unit comprising nearly
1,000 GaAs FETs diodes. The chip consumes about a
watt and completes operations in just over 2 ns. More-

Fully enclosed. Texas Instruments has devised this unique structure to make certain that drain-source regions do not undercut the gate
electrode. Undercutting is avoided even if the drain-source implants diffuse due to subsequent higher-temperature processing. '
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over, Fujitsu says that by going from 2- to 1-um channel
lengths, subnanosecond delays will be possible.

Fujitsu does not hide the fact that it intends to use the
GaAs technology for super-high-speed computer appli-
cations. To that end, it has also developed a GaAs circuit
called HEMT, for high—electron-mobility transistor, that
is so fast that it competes with Josephson junctions. The
complicated structure is made up of alternating layers of
intrinsic and doped GaAs so that electrons from the
doped layers flow into the nondoped films and become
extremely mobile. At room temperature, a HEMT
switches in 50 ps, and Fujitsu feels that cooling will
bring that down to 10 ps.

Where’s Josephson?

Conference papers continue to be delivered on Joseph-
son junctions, but the world still waits for some kind of
computer based upon the technology. In the meantime,
some useful circuits have been developed with Josephson
junctions, like a 6-bit analog-to-digital converter from
the National Bureau of Standards, which is capable of
taking 2 billion samples a second.

iBM’s Zurich Research Laboratory of Riischlikon,
Switzerland, has come up with a circuit called MAIL—
for magnetically-coupled asymmetric interferometer log-
ic—that combines galvanic isolation and logic operation
in a single device that has triple the density found in
earlier Josephson layouts.

Computer simulations of the new circuits, based upon
2.5-um ground rules, suggests gate delays and power
consumption figures of 25 ps and 5 uw, respectively.
That works out to a power-delay product of only 125
attojoules—at least three orders of magnitude smaller
than for silicon or GaAs devices.

One of the more impressive yet unexpected announce-
ments in the Josephson field came from Bell Labs.
Scientists at its Holmdel, N. J., facility have patterned
1,000-A-square junctions that reached the technology’s
natural switching speed of about 1 ps. In systems where
wiring delays and heating effects come into play, such
devices might render delays of less than 10 ps. To resolve
such a minute structure, the scientists resorted to
oblique-angle evaporation and a two-layer electron-beam
resist to minimize overexposure caused by backscatter-
ing of the beam’s energy.

Linear muscle

Process innovations will continue to push monolithic
voltage regulators’ capabilities to higher currents and
voltages. National Semiconductor Corp. of Santa Clara
achieved 10-ampere current levels with a linear process
called Moose that borrows from discrete transistor
design. The process puts n- and then p-type epitaxial
layers on an n* substrate.

Contacts to the power transistors’ collectors are
through the back of the die, instead of from the top
through a diffusion to the n-type subcollector. Moving
the collector to the bottom of the chip is accomplished
with a second collector diffusion step that shorts the
standard subcollector to the substrate.

Besides giving a lower-resistance collector, this move
frees the top of the chip for larger emitters that can

Electronics/October 20, 1981

PR VY

All merged up. An effort by the University of Waterloo and Bell-
Northern Research resulted in the single-device-well MOS FET. Area
is conserved by controlling perpendicular enhancement- and deple-
tion-mode transistors with a single gate electrode.

handle increased current levels. Wire-limited current
ratings are up to six times higher than previous IC
regulators: over 30 A.

While National was pushing regulator current ratings,
Ti was developing the Bid-FET process to raise operating
voltages to 125 v. The process merges precision control
circuitry—fabricated from bipolar transistors—with C-
Mos logic and high-voltage MOS FET output drivers in a
junction-isolated chip. In contrast to commercially pro-
duced bipolar devices that can withstand only about 75
v, these devices can take up to 400 v. These FETs are
double-diffused n-channel transistors, in which carriers
flow laterally from source to drain.

Power switching

Power semiconductor makers are increasingly explor-
ing novel fabrication techniques and sophisticated test-
ing techniques like infrared imaging to manage reliable
designs at prodigious power levels. With FET technology
having proved its performance advantages, users are
watching for prices to come down. Both bipolar and MOS
transistors are now handling 1-kilovolt levels, but thyris-
tors are still called on above that point.

Hitachi stands alone with a high-frequency lateral
power MOS FET that provides power gains in excess of 14
decibels at frequencies over 100 megahertz, beating both
bipolars and vertical MOS FET and presaging the ascen-
sion of FETs into frequency-modulated transmission. The
lateral design adds reliability by allowing incorporation
of gate-protecting diodes and helps switching speed by
minimizing the parasitic inductance in the source leads.

Other progress with FETs includes additions to Inter-
national Rectifier Corp.’s Hexfet line that produces dou-
ble-diffused vertical-MOS FETs with hexagonal sources
and silicon gates. A 250-mil chip from the El Segundo,
Calif., company stands off 500 v and conducts 10 A with
only 0.4 ohm of on-resistance.

While many makers claim to have reached the 1-kv
benchmark for power-FET breakdown voltage, Motorola
appears to have been the first to get parts out to users.
Initial offerings from the Semiconductor Sector in Phoe-
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Strength in numbers. Merged processing technologies give Texas
Instruments oipolar, C-MOS, anc power MOS devices on one chip.
The TL783 voltage regulator shown here uses bipolar control circuits
and lateral MOS FET output devices for voltage ratings up to 125 V.

nix were rated at 1-A continuous drain current, 75-w
dissipation, maximum on-resistance of 10 @, and
switching times of 300 ns or better.

Besides looking more likely to displace bipolar transis-
tors in switching power supplies and motor controllers,
power MOS FETs are showing promise of on-resistance
low enough to beat electromechanical relays in low-level
switching. Teledyne Relays, the Hawthorne, Calif., sub-
sidiary of Teledyne Inc., for example, used paralleled
FET stages in a line of optically-coupled relays to reduce
output resistance to 0.3 Q.

Bipolarslend a hand

Despite the progression of FETs into low- and medium-
power applications.” bipolar technology is alive and
advancing in the high-power arena. Merging bipolar and
MOS transistors in a single device for power handling will
continue to bring efficiency advantages to discrete semi-
conductors. Supertex Inc. of Sunnyvale, Calif., is follow-
ing along the path forged by Siemens AG with Sipmos,
by combining the high impedance of a MOS input with

Stable and balanced. Analog Devices' laser trimming of the JFET
input stage on the AD547 precision operational amplifier limits the
part's offset voltage to 0.25 mV, with 1 uVv/°C drift. Automated
probing and testing are the keys to drift trimming at the wafer level.
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the low conduction losses of a bipolar output stage. A
245-mil-square chip with 40% of the arca given over to
the FET can provide suflicient drive current for a bipolar
transistor that handles 20 A or morc with only 0.3-Q
on-resistance.

In bipolar devices’ realm of unchallenged superior-
ity—thyristor switches—cver higher power levels and
improved reliability may finally be joined by the clusive
gate-turnofl capability. Nv Philips Glocilampenfabriek-
en of Eindhoven, the Netherlands, appears to have
achicved it in a 5-A, 1.5-kv device, and researchers at
Toshiba and clsewhere are uncovering gate-turnoff fail-
urec modes by monitoring recombination radiation at
infrared wavelengths during device switching.

AEG Telcfunken of Berlin exported some improved
silicon controlled rectifiers with reduced switching losscs
and turnoff times claimed in parts rated at up to 930 A
of average on-state current and 2-kv blocking voltages.
The npnp structures are bonded to a molybdenum disk,
and gold contacts define the gate branches and cathode
stripes in the top-side interdigitated mctalization pat-
tern. The cathode is contacted under pressurc through
copper and molybdenum plates and a silver template
that touches the vacuum-deposited gold.

Analog domain

Despite the proliferation of C-MOS successes in data-
conversion components, bipolar technologies will contin-
uc to compete because high precision may not be eco-
nomical in C-MOS for a long time. While advances will
be won in extending and improving the linear perform-
ance of C-MOS parts, data-conversion applications could
well see a resurgence of bipolar technologies in processcs
that combine fast, accuratc analog components with
rcasonably dense and cool logic.

A high-frequency bipolar process that also yields
dense low-power logic circuits helped Advanced Micro
Devices Inc. come up with the Am6108 —an 8-bit a-d
converter. The Sunnyvale, Calif.,, company’s process
calls for cpitaxial-layer resistivity to be reduced to 1
Q-centimeter, compared with 5 Q-cm in a standard linear
sequence, and its thickness trimmed down to 4 um.
Combined with a narrow basewidth, the thin epitaxial
layer allows npn transistors to reach cutoff frequencies
of as much as 1.5 gigahertz.

Polysilicon resistors further enhance linear perform-
ance, since they have virtually no voltage coefficient and
lower parasitic capacitance and temperature cocfficient
than do resistors implemented with base diffusions. The
same linear process is used in a family of circuits,
dubbed linear differential logic, that is similar in opera-
tion to ECL but requires one fourth the power and one
third the area for comparable or better speed. The
advantages arc won at the price of a reduction in logic
swing from 700 mv to 130 mv that reduces noise
margins accordingly.

In the purely analog rcalm, the continuing trends are
toward refinements of the combined JFET-bipolar tech-
nologies that improve input stage specifications and
toward cxtensive use of wafer-level trimming techniques.
In a forward-looking move that brings the advantages of
systems-level integration to analog signal processing,
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Precision Monolithics Inc. of Santa Clara introduced a
chip designed to handlc a varicty of common tasks, such
as full-wave rectification, absolute-value gencration, and
synchronous demodulation.

Dubbed the GAP-01, this 8,600-mil* chip includes two
differential-input transconductance amplifiers, TTL-con-
trolled low-glitch switches, a precision comparator. and
an output buffer. These elements get good offsct and
drift characteristics through the usc of the zener-zap
technique, in which zener diodes are sclectively shorted
across resistors during testing.

Zeners and lasers

Zener trimming at Precision Monolithics has pro-
gressed to the point where a monolithic buffer like the
BUF-03 can be operated open loop to get slew rates up
to 300 v/us. The design uscs a JFET input stage with a
2-mv offset and precisc level-shifting circuits to climi-
nate the capacitors usually invoked for stable opcration
of a feedback-controlled amplificr.

Zener diodes for voltage-reference circuitry are
increasingly being fabricated as buried junction devices,
in which breakdown occurs well below the wafer surface.
The conventional zener, implemented with a transistor’s
base-cmitter junction, is subject to long-term drift duc to

surfacc imperfections of the crystal and contamination
from mobile charge in the oxide.

The buricd junction is isolated from thesc surface
effeets, and can be stable to within 50 parts per million
per year. Analog Devices Inc., Norwood, Mass., has used
the technique extensively in 10- and 12-bit data convert-
ers, and Burr-Brown Rescarch Corp., Phoenix, called on
buricd zeners for its DAC800—the first monolithic ver-
sion of the hybrid DAC80 12-bit d-a converter.

JFET-input operational amplifers will continuc to
receive much attention because they can lead to very low
requircments for input bias currents, without at the same
time increasing the input noisc voltage—an incvitable
trade-off in bipolar designs. The key to their evolution
will be laser trimming techniques that reduce their offsct
voltage and drift.

Indicative of the present state of the art is the AD547,
a IFET-input amplificr from Analog Devices that is
specified with a maximum offsct voltage of 0.25 mv and
offset drift with a temperature of 1 uv/°C. At the same
time, the typical voltage and current noise figures at 10
kilohertz arc a low 25 nanovolts and 0.003 pA/Hz'’2,
respectively. Refinements in device gecometrics and pro-
cessing that can increasc JFET transconductance promisc
to reduce noisc voltages cven further.

The static induction transistor originated with Nishizawa

Jun-ichi Nishizawa is famous in Japan for incessantly
pushing for more original fundamental research and for
development based on that research. Especially now that
the semiconductor industry is large and prosperous, he
says, it can afford to make some of its own mistakes
rather than following the lead of the U. S.

Nishizawa has ample opportunity to put his ideas into
practice because he is both a professor at the Research
Institute of Electrical Communications at Tohoku Universi-
ty and research manager at the Semiconductor Research
Institute—a private laboratory funded by contributions
from industry and contract research. Furthermore, he
often acts as a consultant to industry, and several firms
have made use of ioans from the Research Development
Corp. of Japan—which is sponsored by the government’s
Science and Technology agency—to develop products
based on Nishizawa's ideas.

Much of his present work is based on one of his earliest
ideas, from 1950, for which he was granted a Japanese
patent, on electrostatic injection control. Early on, he used
it to build p-i-n power rectifiers, photodiodes, and ava-
lanche photodiodes, and p-n-i-p and n-p-i-n transistors —
which are the actual
configurations of most
modern transistors
made by diffusion.

Also proposed by Ni-
shizawa as part of the
same work—but not
producible at that
time —was the static in-
duction transistor, a
type of field-effect tran-
sistor whose drain cur-
rent does not saturate

with increasing drain voltage. He points out that he speci-
fied fabrication by ion implantation two years ahead of
Shockley and heat treatment (a step that Shockley failed
to mention).

Present applications of the SIT principle range from
logic to a 500-ampere-peak, 4-kilovolt thyristor with a
gate turnoft time of 5 microseconds. Still the search for a
wider range of applications goes on, and four new devel-
opment projects based on the SIT principle will be funded
for a five-year period starting about November by the
Research Development Corp. Among other projects,
Nishizawa's group at SRl will develop low-power static
induction tunnel-injection transistors (SITT) in gallium
arsenide with a maximum frequency of several terahertz.

Nishizawa also developed the vapor-pressure control
method of epitaxial growth for the fabrication of light-
emitting diodes, and it is now used commercially for high
efficiency super-high-brightness devices. He also pio-
neered vapor-phase photoepitaxial growth, which was
included in two U. S. papers at the recent Hawaii confer-
ence on very large-scale integration.

His 1957 injection-laser-diode patent was one of the
earliest in this technology, but Nishizawa did not succeed
in securing commercial development. He also did pioneer-
ing work in graded-index fibers for optical transmission
and in high-efficiency varactor diodes for electronic tuning
and modulation. Also to his credit is a positioning system
with a precision of better than 0.1 micrometer for an
optical pattern generator for mask fabrication.

An outcome of his engineering work is an interest in
classical music, which ranges from Gregorian chants to
Bach. His amplifier features static induction transistors,
and Nishizawa says that there are only two persons in the
world who can listen to music on transistors they devel-
oped — Shockley and himself. -Charles Cohen
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TEK 8540 b~

For the designer
whose computer can’t help him debug
his microcomputer software.




FLEXIBLE SOLUTIONS
FOR A FUTURE OF CHANGE

Tek announces the
8540 Integration Unit.

When designing with
microcomputers, your resident
host computer can be a powerful
ally in the fight against impossi-
ble design schedules.

But, ultimately, it only gets
half the job done.

Even though it gives you
everything you need for fast, ac-
curate code development, you
still have to install and debug
your developed code in the pro-
totype hardware. A process that
often consumes half your total
design time.

Enter the 8540 Integration Umt

e Tk 8540
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When it comes to hardware/
software integration, Tektronix
has the answer. The 8540 Inte-
gration Unit. It interfaces easily
with almost any host computer
using ASCII terminal communi-
cations. And, once connected,
its high-performance emulators
and debug software handle the
entire integration process.

All with an unmatched
range of chip support.

Your host & the 8540:
A synergistic team.

The 8540's so-
phisticated inter-
face features make
the most out of
your host's pro-
cessing power.
Like the ability to
download sym-
bolic debug
tables along with
object code to the
8540. Or perma-
nently store your
specialized, host-
oriented debug
commands aboard
the 8540 as either key
words or command strings.

To retain any terminal-
oriented command structures
you've developed, the same ter-
minal can be used for direct
communication with either the
8540 or the host system. There's
even a local printer interface on
the 8540 so its printing opera-
tions won't burden the host.

A Trigger Trace Analyzer for real-
time prototype monitoring.

In many applications, the
timing of code execution be-
comes critical. To fully support
real-time debugging, the 8540
includes an optional Trigger
Trace Analyzer. It has four trigger
channels ready to track down

16-bit _fr_ - §-bn ]
28001 6809 8088
28002 6800 8048
8086 6808 8039

68000 6802  8039-A |

|  ZBOA 8035 y

8080A 8021 |
‘ 8085A 8022

| 8049 so4tA |

Breakpoint halts program execution at the address label “LOOP"
Also shown is a detailed description of the processor's internal
status at the breakpoint.

even the remotest sections of
code execution.

You can do things like iden-
tify all non-ASCII writes to an 1/0
port. Or count the number of calls
to a specific subroutine. Or mea-
sure the elapsed time of an inter-
rupt handler routine.

Let the 8540 finish the jOb
your computer started.
Contact your nearest Tek-
tronix field office about buying
or renting the 8540.

U.S.A,, Asia, Australia, Central & South America, Japan
Tektronix, Inc., PO. Box 4828, Portland. OR 97208,
Phone: 800 547-6711, Oregon only 800 452-6773,
Telex: 910-467-8708, Cable' TEKTRON!X

Europe, Africa, Middle East Tektronix International, Inc
European Marketing Centre, Postbox 827, 1180 AV
Amstelveen, The Netherlands, Telex: 18312

Canada, Tektronix Canada Inc., PO. Box 6500. Barne
Ontario L4M 4V3. Phone 705 737-2700

Circle #212 for literature

Tektronix:

COMMITTED TO EXCELLENCE

Circle #214 for sales contact



NEC NEWSCOPE

NEAXol WILL SERVE TWO MILLION

SUBSCRIBER LINES IN MALAYSIA

have a nationwide digital telephone
network with some 3 million sub-
scriber lines.
A contract to supply and install on
a turnkey basis NEAX61 digital switch-
ing systems for about 2 million subscri-
ber lines has been awarded to PERNAS
NEC Telecommunications SDN, BHD

l n 10 years, Malaysia expects to

(PERNEC) by the Telecommunications
Department, Governmeni of Malaysia.
PERNEC is a joint venture between
the PERNAS Group, a state-owned
corporation of Malaysia, and NEC.
The NEAX61 is one of the most
advanced stored-program-controlled
digital switching systems. The NEAX61
can be used as a local, toll, tandem,

remote, mobile, and international
gateway switch, and can handle up to
100,000 subscriber lines. It owes its
flexibility primarily to its building-block
configuration. Intensive use of LSIs
and ICs contributes greatly to its relia-
bility and space-saving dimensions.
With the Malaysian contract, NEC
has become the world's leading manu-
facturer/supplier of digital switching
systems. NEC has installed, or is set to
install, NEAX61 systems in 17 countries
for the equivalent of approximately
3,600,000 subscriber lines in all.
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WORLD'S FIRST

NEC-EQUIPPED

128K BIT N-MOS

SATELLITE OBSERVES

AND C-MOS ROMS

SOLAR FLARES

T wo new large capacity high-
speed mask ROMs from NEC
represent the first of their kind
in the world.

The n-channel MOS ROM — uPD
23128D—has a memory capacity of
128K bits and features a fast access time
of 250 nanoseconds. The puPD23128D,
in a standard 28-pin ceramic DIP,
operates on a single 5-volt supply with
maximum power consumption of

275mW (82.5mW during standby time).

The other product, pPD73128G, is
a C-MOS device which also has a
memory capacity of 128K bits. It comes
in a 52-pin plastic flat package, has
an access time of 5 microseconds and
operates on a single 5-volt supply
with power consumption of 22mW
(11 microwatts during standby time).

The requirement for large capacity
ROMs is constantly increasing in such
applications as computer terminals
and communications equipment, to

enable such systems to become ever
more compact and cost-effective.
NEC's two new devices, already in
production, completely satisty these
requirements.

very eleven years, the frequen-
E cy of explosions on the sun's
surface increases. These explo-
sions, or “solar flares”, release a great
amount of high-energy =
electromagnetic
radiation in
X-ray and gamma-ray
regions.
A solar
flare ob-
servation satellite, the
ASTRO-A, was launched
on February 21 this year
from the Kagoshima Space /
Centerof the Institute of Space
and Aeronautical Science, Un/ iversity
of Tokyo. It is the world’s only satel-
lite now on a full mission observing

. the sun, which is presently in a period

of maximum activity.

The ASTRO-A weighs 188kg. It is
now in a semicircular orbit with a
perigee of 480km, apogee of 640km,
and inclination of 31.5 degrees. The
spin-axis of the ASTRO-A is controlled
to point the sun for observation of
its surface with a solar X-ray telescope,
solar X-ray crystal telescope, solar
gamma-ray instrument, etc.

As the system integrator of the
satellite, NEC was
closely involved
in the development
of the
on-
board
closed-loop magnetic
attitude control system,
¥ deployable solar paddles,
S-band telemetering sys-

temx and other subsystems.
The AS TRO-A is now operating
perfectly and sending valuable data
on solar flares.

SARAWAK GAS, OIL FIELD GETS

OFFSHORE TELECOMS NETWORK

EC is to install an integrated
Noffshore telecommunications

network in Sarawak, Malaysia.

The network, ordered by oil pro-

ducer Sarawak Shell Berhad, will
include almost all types of telecom-
munications systems. The onshore
terminal at Bintulu will be linked with
offshore oil and gas platforms some
130km away by means of a 900MHz
troposcatter radio communications
system. Offshore platforms will be in-
terconnected by a 2GHz line-of-sight

microwave communications system.
In addition, the network will have
subscriber VHF radio telephone sys-
tems between a platform and associ-
ated drilling rigs, air-to-ground VHF
radio systems, ship-to-ground VHF
radio systems, public address systems,
hot-line telephones, subscriber tele-
phones (explosion proof type), radio
beacons, teleprinters, and private auto-
matic branch exchanges.
Construction is scheduled to be
completed in December 1982.

NEC

Nippon Electric Co.,Ltd.
PO.Box1.Takanawa,Tokyo.Japan.



The weapon that helped
change WW Il was a small
piece of carbon.




-~

The strategy was sound. Fly higher. Get above the
limits of the fighters. Get beyond the range of the
ground batteries.

But the wild blue yonder is a forbidding place.
It's colder and drier than you can imagine. So, as our
aircraft tried to fly higher and higher, they soon had
to come right back down. The generator brushes were
rapidly wearing away to dust in the superdry air of
the stratosphere.

We went to work on the problem. And, in 1942,
Stackpole helped perfect the first high-altitude
aircraft brushes. To shorten a war. To pave the way
into space.

Application before answer.

We cite this bit of history for two reasons. One:
because we're proud of it. And two: because it’s a
good example of how we work. Every day.

Alot of companies come up with a product,
then look for needs or applications where it may fit.
We work the opposite at Stackpole. Someone has a
need or application, then we come up with the prod-
uct that will fit.

What and how are inseparable.

We know materials and how to work with them.

We know the what: carbon and graphite in pow-
der, bulk and fiber forms; ceramic ferrites; precious
metals; and powder metallurgy.

And we know the how: the mixing, molding,
firing and machining; the weaving and fabricating;
the stamping and impregnating; the assembling
and finishing,

Put both to work.

We apply this know-how to brushes, billets and mold
stock. To carbon fibers, foil and fabric. To machinery
and powdered metals. To switches, resistors and
ferrites.

Next time you have a specific need, call our appli-
cation engineers. For the product that fits. In the
meantime, get to know our resources better. Call or
write: Dauer Stackpole, The Stackpole Corporation,
St. Marys, Pa. 15857. (814) 781-1234.

¢ STACKPOLE

Our workday runs from 1906 through tomorrow.

Once, someone needed a ceramic
resistor for spark plugs. To make the
carradio a static-free reality. We
now make millions of such resistors
every week.

! \ -

Once, someone wanted to move the
television set from the laboratory
to the living room. But it had to be
safe. We helped develop the ferrite
[flyback transformer core. Today. our
ferrite cores are in millions of TV
sets and switch-mode power sup-
plies. worldwide.

-

Once. someone needed a railroad
brush suitable for both heavy freight
and high-speed commuter traffic.
Today. our wafer brushes are in thou-
sands of diesel locomotives.

Circle 129 on reader service card
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MEMORIES

Four for a million. This
256-K read-only memory
from Hitachi is one of many
developed by Japanese
semiconductor manufac-
turers. Like others from
Hitachi, Toshiba, and
Sharp, it is built with com-
ptementary-MOS technolo-
gy. Die size is 37 mm?
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[0 Redundancy is all the rage for large
semiconductor memories, whether they
are dynamic and static random-access
memories or electrically— and ultraviolet-
light-crasable read-only memorics. The mech-
anisms of programming the sparc elements and
the density level at which the spares become cost-
effective are, however, both points at issue. Only a
handful of companies are yet able to ship their 64-K
RAMs, and firms not cven on that list have displayed
quarter-megabit devices. The quest for the ideal self-
refreshing pseudostatic RAM goces on though recent steps
appear headed in the right direction. Complementary-
MOS technology is enhancing the specifications of fully
static RAMs, and metal silicides promise to do the same
for all component types.

In the nonvolatile arca, 256-K ROMs abound in Japan;
market development in the U. S. is being discouraged by
the 64-K ROM price wars. MOS erasable programmable
PROMs are selling amidst fierce competition, and bipolar
PROMs are gaining in density from vertical structures.
EE-PROM shipments have yet to really take off, and most
of the U.S. magnetic-bubble memory suppliers have
quit the business.

Double is less trouble

For each memory type that now incorporates redun-
dancy, there is a corresponding version of that chip from
another vendor who maintains that the feature is unnec-
essary. Intel, Inmos, Mostek, and Western Electric use
redundancy in their 64-K RAM and submit that compet-
ing will be difficult at best without it. However, Texas
Instruments, Motorola, and Hitachi, to name a few, did
not put the extra bits on their 64-K chips—a reminder
that. historically, the highest yields come from the smal-
lest dice.

So far, those companies that voted down redundancy
are winning the race to volume production. But mature
production of the 64-K RAM Is years away and a lot can
happen before then, as may be learned from the growth
of the 16-K market. The memory makers with redundan-
cy counter that when they ramp up, their rise will be
swift, and they will surpass the companics who elected to
go the conservative route.

For the 256-K RAM, however, there is almost unani-
mous agreement that redundancy is an absolute must.
Unsettled, though, is whether electrical fuses or laser
targets will make the best programming elements for
removing bad memory cells. Western Electric and Mos-
tek use lasers; Intel and Inmos use fuses.

Electronics / October 20, 1981

he 64-K RAM is slow to mature,
but redundancy may cure some
of the yield problems; and while
C-MOS improves static RAMs,
bubble prospects appear bleak

by John G. Posa, solid State Editor

Electrical fuses have many advantages, but in the long
run, their biggest asset may be the possibility of pro-
gramming after packaging—be it by the manufacturer
or user. Lasers offer design flexibility. Because the links
need no power or support devices, they take up little area
and may be placed anywhere—Mostek Corp., Carroll-
ton, Texas, has located them right in the middle of its
64-K RAM chip.

It may turn out that manufacturers will use more than
one redundancy programming method at a time, depend-
ing upon the type of device. Memorics already equipped
with floating gates or another kind of nonvolatile ele-
ment may do well to use these as programming cells by
virtue of their availability. Japan's Hitachi Ltd. thought
about a fast static RAM with high-resistance polysilicon
loads and with redundancy programmed by hitting some
of the same load devices —purposcly placed in the chip’s
periphery—with a laser beam. The beam heats up the
link and the dopants diffuse in and lower its resistance.
This is a clever idea, but only for memories that have
high-resistance polysilicon loads available.

Even though Japanese RAM manufacturers say that
redundancy will makc sense at the 256-K level, the
feature either is lacking in all but one of the devices
displayed by them or is being kept under wraps. (It is
said that Fujitsu Ltd.'s 64-K RAM has redundancy that
has yet to be invoked.) Nippon Telegraph & Telephone
Public Corp.’s Musashino Laboratory has been involved
in the design of at lcast two 256-K RAMs. The first has
redundancy; but the second, a recent cooperative effort
with Nippon Electric Co., does not. An earlier design
from NEC did not sport spares, nor do the 256-K RAMs on
which Toshiba and Mitsubishi have leaked details. Oki
Electric did, however, recently pop up with a 256-K
dynamic RAM incorporating extra rows and columns.

There will undoubtedly be more than one generation
of the 256-K RAM. Manufacturers of the 64-K RAM have
taken more passcs at its design than they would like
generally known—some are still tweaking their layouts.
The 256-K RAMs so far discussed will probably be
revised—in some cases almost completely —before full-
scale production begins. The 0.25-Mb RAMs that have
been talked about openly seem to be exercises in scaling
down. About the only surprise is their reliance on metal
or silicide gates, but performance requirements all but
mandate that as well.

However, Texas Instruments Inc. and other companics
speak of a second-generation 256-K RAM that will have a
genuine one-device cell—not a transistor and a capaci-
tor. The Dallas company, for example, keeps looking at
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IBM’s biggest. With this experimental 288-K random-access memo-
ry. IBM showed that U. S. companies. too, can show off very large
memories not necessarily intended for production. The 32-K-by-9-bit
unit has only twice the area of IBM's 72-K chip.

the taper-isolated cell that it pioneered, and it likes what
it sees. At the Very Large-Scale Integration Conference
held last month in Maui, Hawaii, TI described a fully
decoded 5-volt dynamic RAM that managed a tiny 140-
square-millimeter storage cell using 4-micrometer design
rules. The 512-bit chip sported an access time of 85
nanoseconds.

Similarly, NEC scems satisfied with a double-diffused
cell that 1BM Corp., Armonk, N.Y., claims to have
invented. Interestingly, the structures proposed by both
NEC and TI require a lightly doped well. Put another
way, both approaches call for a C-MOS process. This
means that both designs should also benefit from the
more cflicient sense amplifiers, decoders, and other
peripheral circuits possible when both n- and p-channel
devices are available.

Pseudostatics still sought

The perfect self-refreshing dynamic RAM —one with
one-transistor cells but that appears completely static to
the user—remains an elusive goal. At the 1981 Interna-
tional Solid-State Circuits Conference, Mostek offered a
compromise: a fully static 32-K RAM with three transis-
tors per cell. The idea, reminiscent of a similar proposal
made some years ago by American Microsystems Inc.,
Santa Clara, Calif., is to usc a charge pump to overcome
a transistor’s leakage current and thus kzep a node
storing a logical 1 high. Mostek said it was going to
introduce a commercial product based on this principle
sometime this year, but has yet to do so.

At least threc manufacturers will, however, produce
32-K pseudostatic RAMs. Zilog now offers such a chip,
and National has agreed to act as an alternative supplicr
for it. In addition, Intel Corp., Santa Clara, Calif.,
mentioned a 32-K pscudostatic RAM at 1SSCC '81. All
these parts demand some sort of sacrifice from the user
to avoid contention between on-chip refreshing and
external accesses.

In addition, Mostek, Motorola, Inmos, and —with its
latest redesign— Fujitsu have self-refresh modes on their
64-K dynamic RAMs, but demand for this feature has not
been hot. Apparently the big accounts that use RAMs in
a big system require a more global refreshing scheme.

In a sensc, pscudostatic RAMs and the self-refreshing
64-K dynamic RAMs are after the same thing: an casy-

132

Close up on Mostek. This scanning electron micrograph shows top
and cross sections of Mostek's 64-K dynamic RAM. Unique to its
design is the use of polysilicon bit lines, grounded capacitor plates,
mid-level sensing, and redundancy programmed with a laser.

to-use memory with a lower cost per bit. Maybe both
camps will converge on the same solution. The newer
attempts do offer more design flexibility, and the con-
cept in gencral becomes more practical as densities
quadruple. Thus, a healthy market for such parts will
develop despite their lukewarm welcoming.

Statics mean action

Perhaps subtracting from the enthusiasm for pseudo-
static devices is the incredible performance and density
advances and price reductions of fully static RAMs. They
have hit the 16-K level. Ti, Mostek, Intel, Inmos, Hi-
tachi, NEC, Oki, Mitsubishi, Toshiba, Harris, and even
Honeywell’s Synertck subsidiary claim to have a 16-K
static RAM. Some of these companies will offer more
than one chip organization. And some, like Japan’s
Toshiba Corp., even offer n-channel and C-MOS versions.
Toshiba’s n-channel version, organized into bytes,
already costs $9.95 in volume. At that price, the market
may not be large enough for all these firms.

But therc are actually two different markets: one for
the fast devices, having 1- and 4-bit organizations to
replace bipolar units, and another for the slower, byte-
wide chip market intended mainly for microprocessor
applications. Some of the circuit innovations found on
16-K static RAMs include TI's column sense amplifiers to
speed up its 16-K-by-1-bit version and the Datasave
mode used by Mostek to lower the power dissipation on
its 2-K-byte memory.

Not only does Mostek’s 16-K-by-1-bit static RAM fea-
ture an efficient sense amplifier that facilitates half-
row selection, it also has a novel roll-call function that
lets a user find out which columns have been replaced
with redundant spares. NEC’s 16-K-by-1-bit static RAM
will use pure molybdenum to short out long polysilicon
word lines to obtain a 25-ns typical access time. NEC also
uses boron to form a p-type well under each storage node
to sweep away unwanted charge like that generated by
alpha particles.

The most spectacular MOS speed advances over the
year have come on 4-K static RAMs—C-MOS RAMs, at
that. Toshiba, Hitachi, and Intel brought out 18-ns 4-K
chips at ISSSC ’81. Toshiba attained the speed with a
sapphire substrate and molybdenume-silicide gates, Hita-
chi by scaling down and using feedback sense amplifiers,
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A possibility. Texas Instruments seems to be nearlng commercial application of its very dense taper-isolated dynamic RAM cell (inset). it
recently announced the completion of the fully decoded 512-bit array (depicted above) and measured a 100-ns access time.

and Intel with an n-well process that favors the circuit’s
high-performance n-channel transistors.

All of these designs may have been test vchicles,
though. Hitachi said that its process was rcally slated for
a 64-K static RAM, and Intel is saic to be more interested
in building a micropower 2-K-by-8-bit unit like Toshiba’s
TC5516. Intel’'s C-H-MOS —its high-performance C-MOS
process —uses fully static six-transistor cells for a stand-
by power dissipation of 50 microwatts. Toshiba main-
tains it can sell its silicon-on-sapphire memory at a
competitive price. If so, it will be the only semiconductor
manufacturer to make a commercial success of SOS.

The blue ribbon for speed, however, goes to NTT's
Musashino Laboratory for its 2.7-ns 256-by-4-bit emit-
ter-coupled logic static RAM. As might be expected, NTT
used local oxidation and polysilicon for what NTT calls a
super-self-aligned technology. Directly responsible for
that performance is a submicrometer base width, formed
as impurities diffuse down from a 2-by-2-um doped
polysilicon emitter. The design also includes a look-
ahead sense amplifier that trims word-line delay by
about 15% yct increases the chip’s 0.5-watt power usage
by only 3%. The concern estimates that with emitters of
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