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New, Standard
Resistor Network Interfaces
Between Logic and Memory...

—r

-

Saves you time and money.

Now, there’s no need to order custom or special networks for your logic/memory
applications. Bourns new DIP networks interface with any of these RAMS
21L02-1 «p2102  S2114 2117-2 4116 TMS4416
2102 AM2102 21162 P2141 MC4116 MB8116
2102N UA2102 MK2116  2690-2 MCM4116 F16K2

These new standard networks save you time because they're available now. And they
save you money, too . . . customs and specials are expensive.

Bourns Model 4114R4064 and 4116R-064 networks meet your high volume circuit
requirements where operating speed is a major consideration. Available in 14 and 16
pin configurations, the networks contain either 12 or 14 thick film resistors paired in
series. Input terminals are connected to the center points of the resistor pairs.

Each resistor pair consists of a 1K ohm pull-up resistor for maintenance of the proper
logic level from your open collector or wired “OR” circuitry and a 30 ohm pass-
through resistor for elimination of noise problems at high frequencies.

What's custom for others is standand for Bourns. And, what's standard for Bourns

is available off-the-shelf from your local Bourns distributor. Call your local Bourns
representative or distributor for more information on the complete line of Bourns
resistor networks and for your new 24-page RN-2 Resistor Networks catalog. For a
free sample, write to Networks Application Department on your company
letterhead.

NETWORKS DIVISION, BOURNS, INC., 12155 Magnolia Avenue, Riverside, CA 92503.
Phone: 714 781.5415. TWX: 910 332-6134.

European He arters: Boumns AG, Zugerstrasse 74 6340 Baar, Switzerland.
Phone: 042 33 33 33. Telex: 78722.
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For Immediate Application—Circle 120 For Future Application—Circle 220




SETTING NEW STANDARDS

ISO-CMOS OCTAL INTERFACE

THE LS REPLACEMENTS

Remember when microprocessor designs
were an either-or proposition — either high
speed but power hungry bipolar TTL or low
power but painfully slow CMOS?

Mitel Semiconductor has come up with a
solution that gives you your highs with your lows
— HIGH SPEED and LOW POWER ISO-CMOS
technology. Established pin-outs and logic
layouts of a range of 20 standard Octal circuits
have been incorporated with a proven production
process that does justice to today’s LSI.

ISO-CMOS achieves fast propagation by use
of a recessed oxide silicon-gate process that
minimizes the inherent long time constants of
traditional metal-gate CMOS. All the advantages
of noise immunity and practically no quiescent
power dissipation have been retained.

Our family of latches offer transparent or
clocked operation and include inverted or non-
inverted 3-state outputs. The decoder family
has single one of eight, latched or unlatched, or
dual one of four configurations. Bus buffering
is catered for with high-current drivers having
assorted configurations of chip selects for single
or bi-directional connection.

A comprehensive range of circuits allows
improvement of design, by direct pin for pin
compatibility with their 74LS series counterparts.
For redesign to maximize ISO-CMOS advantages,
a simplification of layout is achieved by the
preferred bus-oriented 74SC5XX selections.

MD 74 SC 137 1 of 8 Inverting Decoder with mput latches
MD 74 SC 138 1 of 8 Inverting Decoder

MD 74 SC 139 Dual t of 4 Inverting Decoder

MD 74 SC 237 1 of 8 Decoder withinput latches

MD 74 SC 238 1 of 8 Decoder

MD 74 SC 239 Dual 1 of 4 Decoder

MD 74 SC 240 Dctal inverting Buffer

MD 74 SC 241 Octal Bufter

MD 74 SC 244 Octal Buffer

MD 74 SC 245 Octal Transcever

MD 74 SC 373 Octal Transparent Latch

MD 74 SC 374 Octal D Type Flip Flop

MD 74 SC 533 Octal Inverted Output Transparent Latch
MD 74 SC 534 Octal Inverted Output, D Type Flip Flop
MD 74 SC 540 Octa! Buffer

MD 74 SC 541 Octal Butfer

MD 74 SC 563 Octal Inverted Output. Transparent Latch
MD 74 SC 564 Octal inverted Output. D Type Flip Flop
MD 74 SC 573 Octat Transparent Latch

MD 74 SC 574 Octat D Type Flp Flop

MITEL SEMICONDUCTOR

United States: 2321 Morena Blvd., Suite M, San Diego, California, U.S.A. 92110. Telephone (714) 276-3421, TWX: 910 335-1242
1223 Westchester Pike, Havertown, Pennsylvania, U.S.A. 19083. Telephone (215) 443-5556, TWX: 510 662 6653.
Canada: P.O. Box 13089, Kanata, Ottawa, Ontario, Canada K2K 1X3. Telephone (613} 5392-2122, Telex: 053-4596,
TWX: 610-562-8529.
Europe: Hamilton Road, Slough, Berkshire, England SL14QY. Tetephone 0753-36137, 0753-36138, Telex: 847730.
Fredericiagade 16, Suite 309, 1310 Copenhagen K, Denmark. Telephone {01} 119302, Telex: 22321
Asia: TST P.0O. Box 98577, Kowloon, Hong Kong. Telephone 3-318256, Telex: 64235.

CifC'e 1 on feadef service card TM Trademark of Mitel Corporation
Copyright 1980 Mitet Corporation



A '!iqila'b‘le from stocK..
"HI-REL MIXERS with a
3-year guarantee;

$€D.95 SRA-1

from (500 Q1y )

Five years ago, Mini-Cirqyits
offered a two-year guarantee for
its industry-standard SRA-1
hermetically sealed .
Double-Balanced Mixer. . . now
used Worldwide for a variety of . X4 :
military and industrial applications. . b
The two-year guarantee was made pos ‘ ‘
of an accelerated-life screening test for diodes' " . % snA-I
generally reserved only for space appllcatlonﬁ‘ ‘ o Mode!
The HTRB=screened Schottky diodes'; sub;ecteﬁ
a ene-volt negative bias at 150°C f 68 hours, "
a stress-designed to accelerate ageing ‘and fc‘cp ," ¢ ionloss (dB)
time-related failures'— thus screening gut potentially L (ir.‘gvgo'sb;%nz,oss },’g’
unreliabl® diodes. - ! 0.5:500 MHz
Mini-CircBits is proud xo offer a three-year guarantee Isolation (dB) Typ.

for the SRA-1 achieved by further stressing and testing 0334z Lo- 32
the assembled unit. Each completed SRA-1 experiences: S LR 38

L
1. Burn-in for 96 hours at 100° C with 8 mA at 1 KHaz. 250-500 MHz Lo gg

4- Thprras Shqd(' . Min. Electronic Attenuation (20 mA) 3 dB Typ
3. Gross and fine leak tes&er MIL-STD 202). Sign.al. 1 dB Compression Level +1 dBm .
And the three year guarant@e SRA-1 is still only $7.95! impedance All Ports, 50 Ohms

Of course. the additional testing adds to our cost, LO Power +7 dBm
*but our continuing commitmentris to offer performance

and reliability unmatched for off-the-shelf

Double-Balanced Mixers.

So. for space or rugged industrial applications,

ensure highest system reliability by specifying g ¢

SRA-1 mixers, the only Doubled-Balanced Mixers ”N

with a three-year guarantee. . . from

World's largest manutacturer of Double Balanced Mixers

Mini-Circuits where jow price goes hand in ' M_ - - pe
L Mini-Circuits

hand with unmatched quality.
2625 East 14th Street Brookiyn. New York 11235 (212) 769-0200
Domestic and International Telex 125460 international Telex 620156

Freq range (MHz)
cen0l
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Low-power EE-PROM can be reprogrammed fast, 89

MICROSYSTEMS & SOFTWARE

Development system puts two processors on speaking terms, 93

MEMORIES

64-K RAM rebuffs external noise, 103

PACKAGING & PRODUCTION

Thermoelectric heat pumps cool packages electronically, 109
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COMMUNICATIONS: LSI solution handles phone-call
routing in central offices, 39

SOLID STATE: GaAs test memory has 100-ps delays, 40

BUSINESS SYSTEMS: Ovshinsky, A. B. Dick form joint
microfiche venture, 40

MILITARY: SAW filter can track fast coding changes, 41

COMMUNICATIONS: Bell PBX snuggles up to
computers, 42

CONSUMER: Bell launching videotext test, 44

MEDICAL: Microprocessor-based gamma camera forms
images faster, 44

Electronics International

WEST GERMANY: Electron beam harmlessly probes
high-density chips, 65

GREAT BRITAIN: Cyclops equips TV sets to receive and
send color and monochrome graphics, 66

JAPAN: Current trims, adds to resistors on chip, 68

Earth station can sit in a window, 71

Inside the News
VLSI pushes super-CAD techniques, 73
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INSTRUMENTS: Measurement science is catching up, 86
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Highlights

Cover: Super CAD races to VLSI designers’ rescue, 73

True automated design of integrated circuits is still a dream, but computer-
aided design is growing rapidly in power and sophistication. An extensive
probe of the field describes software tools that have been developed
independently at universities and by computer companies for work at various
levels of the design process. Many of these tools are now being knitted
together for a more unified approach to the prodigious tasks faced by
designers of the coming very large-scale ICs.
Cover photograph is by Judy Gurovitz.

Low-power EE-PROM uses electron tunneling and floating gates, 89

Complementary-MOS peripheral circuitry surrounds an array of n-channel
MOS cells in an electrically erasable programmable read-only memory that
draws little power, even during its fast erasure and programming cycles. The
electron-tunneling mechanism used with floating gates combines long data
retention with good device endurance.

Development system debugs two-processor designs, 93

Putting two microprocessors to work together can do a lot for system
throughput, but working out the kinks with a development system made to
emulate one processor at a time is difficult at best. A software package that
supports two synchronously operating emulators allows interprocessor-
communications problems, for instance, to be dealt with.

64-K RAM turns a deaf ear to external noise, 103

The small cells and single 5-volt supply of a 64-k dynamic random-access
memory increase the challenge of building in insensitivity to power-supply
fluctuations, data patterns, and alpha radiation. This 64-K RAM owes its high
noise immunity to folded metal bit lines and a special protective coating
material.

Thermoelectric heat pumps keep circuits cool electronically, 109

Exploiting the Peltier effect discovered in 1834, the thermoelectric heat
pumps developed in the 1960s were expensive and troublesome. Improved
reliability, availability in a variety of configurations, and lower price now
make these versatile and efficicnt devices attractive for controlled cooling of
temperature-critical parts.

. . . and in the next issue

A delay pulse generator for synchronizing instruments in [EEE-488 test
rigs . . . reliability testing and screening of E-PROMs . . . power MOS FETs
that can be driven by TTL-level voltages . . . a peripheral controller for 8-
and 16-bit systems . . . a dc-to-ac inverter for solar power systems.
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high
voltage
power
supplies

for your LAB BENCH or ATE SYSTEM

from

KEPCO

The Kepco APH is a well-behaved, highly
stabilized, fully programmable group of
high voltage power supplies. They'll stabilize
voltage and current for you in one continuous
sweep from zero to maximum output. No
step switches.

) KEPCO POVWER SUPPLY

0- 500V @ 40 mA
0-1000V @ 20 mA
0-2000V @ 10 mA

Call your Kepco rep for a demonstration or write Dept. ACF-14. KE p l : D ®
L]

KEPCO, INC. « 131-38 SANFORO AVENUE « FLUSHING, N.Y. 11352 U.S.A. » (212) 461-7000 » TWX #710-582-2631  Cable: KEPCOPOWER NEWYORK

Circle 5 on reader service card



amplifier you
may ever need.

The new ENI 550L
delivers 50W, 1.5-400 MHz.

This single unit is so incredibly
versatile it can replace several
you may be using now. And you
may never need another. It’s an
extremely broadband high
power, solid state, Class A linear
amplifier. It’s rated at 50W from
1.5-400 MHz. But it can provide
100 Watts from 1.5-220 MHz.
All you need with the 550L is
any standard signal or sweep
generator and you've got the
ultimate in linear power for such
applications as RFI/EMI testing,
NMR, RF Transmission,
ultrasonics and more.

And, like all ENI power ampli-
fiers, the 550L features uncon-
ditional stability, instantaneous
failsafe provisions, and absolute
protection from overloads
and transients.

The 550L represents the pinnacle
in RF power versatility. There's
nothing like it commercially avail-
able anywherel And it may be
the only RF power amplifier
you ever need.

For more information, a demon-
stration, or a full line catalog,
please contact us at ENI, 3000
Winton Road South, Rochester,
NY14623. Call 716/473-6900, or
telex 97-8283 ENI ROC.

6 Circle 6 on reader service card

Publisher’s letter

COmputer-aided design for very

large-scale integration is in full
flower. Both Marty Marshall, West
Coast computers and instruments
editor, and Larry Waller, Los
Angeles bureau manager, who put
together the cover article on CAD
(p. 73), found a wealth of material
everywhere they went.

Virtually every source had some-
thing brand-new to discuss. So even
though this report is probably the
most comprehensive of its kind, it is
essentially a snapshot of present CAD
activities—there is more, much
more, in the works.

As often happens in reporting and
writing such extensive stories, the
subject takes over the reporters.
Thus, for example, Larry suggests
that this Inside the News was fash-
ioned like a CAD project. The outline
of the story resembled a rough archi-
tectural layout; the reporting done at
universities, semiconductor compa-
nies, and computer firms was like
preparing the circuit and logic
descriptions; and the writing and
editing was similar to the prepara-
tion and editing of CAD software.

Marty agrees with the analogy:
“We wrote in modules, as if building
up CAD cells, then compared the
modules to put it all together, as if
implementing a hierarchical design.”

One of the observations they made
along the way is that universities are
once again in the mainstream of
feeding important research efforts
into industry. Concurring, one indus-
try contact pointed out that compa-
nies are now designing their fifth
generation of computers, and this is
the first time since the initial genera-
tion that universities are a vital cog
in their development.

“This is an interesting time for
these CAD projects,” Larry observes.
“Everyone is curious about programs
others are doing, but there is no rec-
ognized clearinghouse of informa-
tion. In most cases the people we
interviewed asked what is going on
elsewhere.”

The sense of excitement and rapid
change surrounding what we call
super-CAD is everywhere, particular-
ly on the campuses. “If these CAD
programs had been going on at Cal-

tech when [ was there [1966-70], |
would probably have graduated in
electrical engineering instead of
physics,” Marty remarks.

t’s always tricky the first time a
new semiconductor process negoti-
ates the dangerous passage from
research lab to production floor. And
for author E. Keith Shelton, section
head for the Hughes Aircraft Co.’s
research center in Newport Beach,
Calif., his first time was a biggy.

The project was Hughes’ recent
entry into electrically erasable pro-
grammable read-only memories,
which he describes in the technical
article starting on page 89. Manag-
ing the transition from lab to pilot
plant to full production is never easy,
but in the case of the electron-
tunneling oxide process developed
for Hughes’ EE-PROM, it was partic-
ularly tough.

Would he like to do it again?
“Sure, it was a lot of fun,” Shelton
admits, adding that he also learned
that Murphy’s law (if anything can
go wrong, it will) is indeed a factor.

In his five years at Hughes
Research Center, he has spent most
of his time working on charge-cou-
pled devices, but he moved to the
nonvolatile memory project about a
year and a half ago when Hughes
relocated most of its CCD work.

What Shelton walked into was one
of the company’s highest-powered
projects —its entry into a potentially
major market for EE-PROMs. “It’s
exciting to work on a product that is
going to be big. You get a lot of
attention from management and you
either do well or go down the tubes,”
comments the 40-year-old graduate
of the University of Kansas.

Shelton expects to remain with his
newfound interest in nonvolatile
memory. Hughes has other projects
in the works, including development
of nonvolatile memory in comple-
mentary-MOS on sapphire.

Electronics /July 31, 1980




quality
OSCI

No scope on the market has more
of the features you need than the
new Gould OS3600 with optional
DMM. You can use the OS3600
on any electrical/electronic circuit
from digital to conventional with
exceptional results.

With vertical sensitivity of
2mV/cm up to 85 MHz, the OS83600
can examine extremely low level
signals. The 4-trace capability
allows comparison of original and
delayed sweeps.

The bright, flicker-free CRT
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displays even narrow pulses with
low repetition rates. The optional
3% digit DMM is available as a
factory fit or retrofit. Plus, the
0S3600 is backed by a worldwide
service network and a unique
2-year warranty that covers all
parts and labor (exclusive of fuses,
calibration, or minor maintenance).

Write Gould Inc., Instruments
Division, 3631 Perkins Avenue,
Cleveland, OH 44114, Call toll free
800-331-1000 (in Oklahoma, call
collect 918-664-8300).
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Pcm

(printed circuit

| module) |
mm
) complete

""" “ranges
% Brom 220 pF

|
3300
3 J to 1.0 pF
| | WIMA were first with
5 mm pcm plastic film
capacitors — miniature
components designed
| for semiconductor

8800 technology.
el WIMA plastic film capac-
itors show greater
. reliability and should be
g preferred to other types.
g The uniform lead spacing
l of 5 mm for the complete

capacitance range is
ideal for automatic
W+l component insertion.

i WIMA have always been

in the forefront of
plastic film capacitor
technology.

068

-4x 10
-2x10°2
6x102
8x10°?

FKP2: 220 pFto0.01 wF:D.F.2
FKC 2: 220 pFto0.01 uF:D.F. 1
FKS 2: 1000 pFto 0.015uF: D.F. 5
MKS 2: 0,01 uFto1.0 uF:D.F.5
{Typical values at 1000 Hz)

WILHELM WESTERMANN
Spezialvertrieb elektronischer Bauelemente
P.O. Box 2345 - D-6800 Mannheim 1

Fed. Rep. of Germany

U.S. Sales Offices:

THE INTERNATIONAL GROUP INC.

North Dearman Street - P.O. Box 23
Irvington - New York 10533 - (914) 591-8822

TAW ELECTRONICS CO.
4215 W. Burbank Blivd., Burbank
California 91505 - (213) 846-3911
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Readers’ comments

Not so great a range

To the Editor: “Airborne YAG unit
to chart ocean shallows with sonar
accuracy but 100 times the speed”
(Jan. 17, p.49), concerning the
Hydrographic Airborne Laser Soun-
der that Avco Everett Research Lab-
oratory Inc. is building for the U. S.
Navy, correctly describes the general
operation of the system but misstates
the range over which the system’s
logarithmic amplifier can distinguish
returned laser signals as
10,000,000:1 over a 100-megahertz
bandwidth.

The range is, in fact, 10,000:1
over that bandwidth, which, to our
knowledge, is the present state of the
art for that type of amplifier. It is
the high bandwidth at which the sys-
tem operates rather than the dynam-
ic range, as stated in the article, that
allows for quick differentiation of
the signals from backscatter.

Also, the laser peak power is 400
kilowatts rather than 400 megawatts
and the laser pulse is 0.1 rather than
5 nanometers.

Joseph E. Nunes

Avco Everett Research
Laboratory Inc.
Everett, Mass.

A similar focus

To the Editor: In reference to “Opti-
cal electronic sensor makes images
quasi—one-dimensional for fast pro-
cessing” (May 22, p.84), I would
like to inform your readers that an
instrument using a very similar sys-
tem — Auto-Focus, made by Carl
Zeiss—has been on the market for
about seven years. For focusing a
microscope, it uses a camera to
simulate the eye and a motor to drive
the focusing mechanism of the scope.
The system basically hunts for maxi-
mum contrast, which is a function of
a properly focused image.
Tom Calahan
New York, N. Y.

Federal albatrosses

To the Editor: It is difficult to con-
ceive of a more crippling blow to the
American electronics industry than
Leo Young’s plan for a “presidential
commission” leading to *“‘cabinet-lev-
el” control [“A good place to start
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editorial reprints,
services, books...

* More than 70 article
reprints in 15 subject
caregories

* Handy wall charts

* Custom-made reprint
services

* Books especially for
Electronics’ readers

* Convenient postage-paid
order cards

For your free copy, circle #275

on the reader service card.

The NEW EBG
isnow available!

copies of

Yes, p
1980 EBG.
[J I've enclosed $30 per copy delivered in
USA or Canada. Address: EBG, 1221 Avenue
of the Americas. New York, N.Y. 10020.

[ r've enclosed $52 for air delivery
elsewhere. Address: EBG, Shoppenhangers
Road, Maidenhead, Berkshire 516,

2Q1 England.

Name

Company

Street

City

State Zip Country
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GenRad offers a major reduction in
bigIC testers. ummm— &

GenRad’s1731linearand
1732 digital test systems
give you everything you
want from big systems
atone quarter the price.

A roomful of testing hard- | §
ware costs a lot. And chances !
are it'll give you more testing ; ;
capability than you’ll ever need. || S

Our linear and digital gk
IC test systems are the perfect |
alternative. Because GenRad’s %
technology has reduced big IC test
systems to an extremely manage-
able, portable, benchtop size. And
while we reduced the size, we
still offer all the capability
you need for comprehen- .——* "
sive IC testing. e

The secret to small size
and big performance is micropro-
cessor control, and it'll give you the
flexibility of software-controlled mea- L
surements. In addition, you’ll get qualita-
tive readouts on each IC, summary sheets, binning and data logging.

And both have “fill-in-the-blanks” software, which means new programs can be
developed in minutes—something you can’t do with big IC test systems.

GenRad’s 1731 linear IC test system offers extensive testing on op amps,
voltage regulators, comparators, voltage followers, and current mirror amplifiers.

The GenRad 1732 digital IC test system lets you test SSI, MSI, LSI, and mem-
ories. As well as TTL, ECL, I2L, CMOS, and NMOS technologies.

They both come with a CRT that'll prompt you every step of the way.

Find out more about GenRad’s money-saving 1731 linear, and 1732 digital IC
test systems. Then order them both. You’ll enjoy the benefits of common hard-
ware and software. And be dealing with
just one, dependable supplier. GenRad.

Call Toll Free 1-800-225-7335. (In Mass.

call 617-779-2825). Or write: GenRad, Con-

e : cord, MA 01742.
The 1731 linear benchtop The 1732 digital benchtop

IC test system. IC test system. G R I

Put our leadership to the test.
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TEN CPU'S.
ONE BOX.




Announcing the RTE8/8800
real-time emulator.

RTES8/8800 is modular. For each
CPU you work with, you just plug in
one of our “personality modules” We
have them for 10 of the industry’s most
popular 8-bit microprocessors.

Your basic emulator CRT format
stays the same. So does your emulation
command set. You'll be able to debug
your hardware and software, test and
analyze your target system prototypes
cheaper and easier than
ever before.

And you'll do it all
in real Real-Time.
Because our emulator
has its own high-speed
memory. (Not just

(System 8/8) -

shared development system memory.)

But that’s not all. RTE8/8800 also
has its very own control micropro-
cessor. It can continue testing and
exercising target hardware and soft-
ware while you and your development
system go oft and do something else.

And even though the RTES/8800
is hard to beat, it’s easy to use. You
don’t have to spend a lot of time
learning long complex command
syntax. Simple keystroke commands
control the menu-oriented display.

Get System 8/8 with

- ’ RTES/8800 from

#¥ Advanced Micro

i - Devices. After all, you

- 7 work with more than
one CPU. Shouldn’t your

emulator?

Advanced Micro Devices ¢l

901 Thompson Place, Sunnyvale, CA 94086, (408) 732-2400, ext. 2400
Right, From The Start.

Electronics/July 31, 1980
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Pienco alkyds help
Echlin's Accel Division
spark to the winner's circle.

Accel performance ignition compo-
nents power race cars to continual
victories. They now power more race
cars than all other brands of ignition
combined.

And Plenco is part of this winning
design. The rotors, distributor caps
and coil tops produced by Echlin
Manufacturing Co., Branford, Conn.,
for Accel are molded of our Plenco
1500 Series alkyd thermosets.

These granular alkyd compounds mold
well and are formulated to provide for
retention of their electrical properties
at under-the-hood temperatures. To
resist tracking under contaminant
conditions. To assure good heat values,

12  Circle 12 on reader service card

dimensional stability and exceptional
surface resistance to wet tracking.

Reports Echlin’s Accel Division: “No
carbon tracking. High dielectric
strength. Excellent durability at
maximum speeds.’

Let Plenco selections, experience and
service help you take the laurels for

your product. Just call {414) 458-2121.

Tl

PLASTICS ENGINEERING COMPANY
Sheboygan, Wisconsin 53081
Through Plenco research...a wide range of
ready-made or custom-formulated phenolic,
melamine-phenolic, atkyd and polyester thermo-
set molding compounds, and industrial resins

Readers’ comments

the counterattack,” May 22, p. 24].
Mr. Young wants to do exactly the
same thing to the American elec-
tronics industry that has already
been done to the American public
school system.

What is wrong with our industry
is governmental macho-ism in the
economy. History proves that any
area [in industry] in which the gov-
ernment decides to become involved
is doomed. If it were not for Govern-
ment-caused inflation and taxes, no
country anywhere would be able to
come close to catching up with our
electronics industry.

What the American electronics
industry needs is to rid itself of all
those albatrosses and millstones that
have been placed there by the Feder-
al government.

Cecil A. Moore
San Jose, Calif.

Time and space division

To the Editor: In “Digital telephone
switching system compares with
those in the West” (June 5, p. 78),
John Gosch describes the East Ger-
man system Ensad. But he fails to
mention an important point for those
following the *digital switching”
scene—that is, that Ensad is a space
division system using reed cross-
points.

This system is proof that the
switching of digital signals need not
employ the time-division technique
that limits the bandwidth to half the
sampling rate. The bandwidth capa-
bility of space-division switching,
which many call analog, may be
appreciably higher than that of time-
division switches being deployed cur-
rently, and as in this example they
may pass digital signals.

A. E. Joel Jr.
Bell Laboratories
Holmdel, N. J.

Correction

In the June 19 issue (p. 100}, John R.
Opel was mistakenly identified as both
the president and chief executive officer
of 18M Corp. Opel is currently presi-
dent and will become chief executive
officer as of Jan. I, 1981, when Frank
R. Cary resigns from that position.
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Cherry dependability...in an alphanumeric display that’s
readable in sunlight, any light ... and installs in seconds

Excellent brightness. full half-inch
characters. 7-bit ASCII input and
simple plug-in installation make
the Cherry gas discharge display
the right choice for you. Surprising
versatility in a small package

adjustable brightness. flashing dis-
play and blank panel modes. fully
addressable cursor. custom designs,
too. Call or write today for complete
technical literature or a full demon-
stration.

Take a closer look:

2 simple plugs are the only
hook-up required.

Only one voltage (12VDC) required.
Selectable baud rate with

RS232C or TTY standard.

5 adjustable brightness levels.
16 or 20 characters long.

cas piscaarck DISPLAYS

CHERRY ELECTRICAL PRODUCTS CORP.‘3608 Sunset Avenue. Waukegan, IL 60085—312/689-7700—-TWX 910/235-1572

Our worldwide attiliates and phone numbers Cherry Semiconductor Corp
roducts Ltd , Sandndge {Herts) England, 44 727 32231 + Cherco Brastl Industrnia € Comercio Ltda

Cranston, RI, US A, 401 463 600
Sao Paule, Braxnl, 011 246 4343 »

« Cherry Mikraschalter GmbH, Auerhach, Germany, 09 643 181 «
hirase Cherry Precision Co J

Cherry Electric
Ltd . Kawasak: Japan 044 933 3511
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ZIP STRIP
Test
Sockets

Highly versatile Textool zero
insertion pressure sockets
allow “custom” installations for
testing most in-line devices.

Textool's versatile ZIP STRIP sockets
make it possible to “customize” socket
installations for zero insertion pressure
(ZIP) testing of most in-line devices with
100" spaced leads, regardless of
spacing between rows (.300” minimum).

Two ZIP STRIP sockets may be
placed on any convenient centers, or
several socket locking levers may be
ganged together for easy mass testing
of devices. Since all ZIP STRIP models
feature zero insertion pressure,
expensive and highly sophisticated
circuits may be safely tested without fear
of mechanical damage to the package.

Simple mechanical action plus a
thoughtful system of ramps and bevels
to guide device leads into the contacts
allow a device literally to be dropped
loosely, and with a simple flick of a
locking lever be ready to operate with
exceptionally good electrical contacts. A
quick release of the locking lever lets a
device be extracted with zero pressure
being exerted on the leads by the socket
contacts.

When ganged in an array, ZIP STRIP
sockets easily accept dozens of devices
and secure them with a single locking
lever. Upending the array and releasing
the lever unloads the devices since
there is no contact pressure to retain
them in the socket.

ZIP STRIP sockets are available in
strips for 10, 20 and 32 leads on .100"
spacing.

Detailed technical information on
the complete line of Textool's zero
insertion pressure sockets is
available on request.

Textool Products Department
Electronic Products Division/3M
1410 W. Pioneer Dr., Irving, TX 75061

214/259-2676
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Grua making Dictaphone
a factor in word processing

Last month a $1 million campaign
got under way to bring the name of
Dictaphone—long associated with
dictating equipment —into the word-
processing marketplace.The effort
began last January, when Pitney
Bowes Inc.,, which had recently
acquired Dictaphone, also acquired
Artec International Corp. of Santa
Clara, Calif. [Electronics, Jan. 17,
p. 44], a word-processor manufac-
turer. In charge of the campaign is
51-year-old Rudy Grua, who is pres-
ident of Dictaphone’s Products and
Systems group.

Grua, who has been with Dicta-
phone since 1973 and president of
the Rye, N.Y.-based group since
last August, has a 30-year history in
sales and service of office equipment.
He is putting that experience to
work in marketing Artec’s word pro-
cessors under the Dictaphone label.

“An understanding of the office
environment is so critical. The cus-
tomer is crying for a reasonable
bridge between the state-of-the-art
technology and what he actually
needs,” observes Grua. That was
IBM’s original failure when it tried
marketing office text processors in
the early 1970s, he believes: “On
paper, IBM’s process looked super-
efficient. But the resistance and
resentment of the people trying to
use the products arrested the growth
of word processing at that time.”

In his view, “what the customer is
really looking for is the most benefit
along with the fewest changes in per-
sonnel, and that doesn’t necessarily
mean the latest technology.”

Grua received his early training
using and servicing electronic equip-
ment in the Army. He later went on
to take courses in business and mar-
keting at both Syracuse (N. Y.) Uni-
versity and the University of Hart-
ford (Conn.).

He is adamant about Dictaphone’s
maintaining a realistic approach to
marketing word processors because
office personnel need ‘“‘a subtle,
almost transparent tool.” He adds,
“Until you can smell, feel, and touch

The word. Dictaphone’s Grua says under-
standing the office environment is critical.

the user market, it’s difficult to inno-
vate. We'll be starting out in a very
ordinary, businesslike fashion. We
want to understand our product mar-
ketplace; we need the pulse of the
marketplace.

“The 1980s could easily be a
graveyard of companies in office
automation, and Dictaphone isn’t
going to be one of those companies,”
he concludes.

Groner to broaden TSI
speech chips’ horizon

Now that the speech-synthesis tech-
nology it developed for aids to dis-
abled persons is spreading to a wide
range of consumer and industrial
applications, it is no surprise that
Telesensory Systems Inc. has cre-
ated a Speech Products division. Nor
is it any surprise that Gabriel F.
Groner has been chosen as vice pres-
ident and general manager of the
division, whose charter is to acceler-
ate and expand the commercializa-
tion of the sophisticated speech-syn-
thesis technology developed by the
Palo Alto, Calif., firm for original-
equipment manufacturers.

Formerly TSI’s senior program
manager responsible for research
and development, manufacturing,
and marketing of a family of syn-
thetic-speech-output reading ma-
chines —using optical character rec-
ognition—for the blind, Groner is
keenly attuned to the market. His
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WHY IS FIRST COMPUTER YOUR DEST SOURCE FOR
DEC’S LSI-11/2 AND LSI-11/23 MICROCOMPUTER
PRODUCTS?

FIRST COMPUTER IS THE WORLD’S LARGEST
SPECIALIZED DISTRIBUTOR FOR LSI-11 AND LSI-23
MICROCOMPUTER PRODUCTS.

No—We don't sell capacitors or resistars! We only
sell products manufactured by Digital Equipment
Corporation and other leading manufacturers which
enhance the LSI-11/2 and LSI-11/23 Microcamputer
Products.

FIRST COMPUTER SAVES YOU VALUADLE DOLLARS!
Because of our volume purchasing power we can
acquire the products at the lowest possible cost.
These savings enable us to offer the best price avail-
able anywhere. Before you buy, investigate our price
and save dollars.

FIRST COMPUTER SAVES YOU VALUADLE TIME!
Because of our large inventory we can provide you
with off-the-shelf delivery on the complete line of
Digital Equipment Corporation’s factory fresh Micro-
computer Products. We are just a phone call away, or
if you prefer you can TWX us your order. With pre-
approved credit we can ship anywhere in the United
States or Canada within 24 hours.

"“Trademark First Computer Corpgration

-~
<

7 P

FREE TECHNICAL AND APPLICATION ASSISTANCE.
Because we specialize in LSI-11/2 and LSI-11/23s we
can provide you with technical assistance 1o help yau
determine the products which best meet your appli-
cation requirements. We utilize these products every-
day in our own Cammercial, Laboratary, Array Pra-
cessor, and Image Processing Systems. Our applica-
tion experience can help you avoid costly mistakes.
FULL MANUFACTURER’S WARRANTY.

When you purchase your LSI-11/2 and LSI-11/23
products from FIRST COMPUTER you receive the full
manufacturer’s Return 1o Factory warranty. All war-
ranty claims will be handled by First Camputer with
courtesy & dispatch. FIRST COMPUTER stands behind
each of the products we sell.

WE ARE A RECOGNIZED LEADER IN THE DISTRIBUTION
OF LSI-11/2 AND LSI-11/23 PRODUCTS.

No wonder so many people are turning 1o FIRST
COMPUTER to provide them with their Microcomputer
requirements. You owe it 1o yourself 1o investigate
what FIRST COMPUTER can do for you! We stand
ready to serve you. You can bank on us.

Circle 15 on reader service card

TWX NUMBER 910-651-1916

computer corpoation

corporate square /825 north cass avenue/westmont illinois 60559/(312) 9201050

"Registered trademark of Digital Equipment Corporation c2



Space saving 4
CTS miniature sh

-

One-haif inch square Series 235
miniature rotary thick film PCB
switches can save you board
space and money. Hexadecimal
switches (Type 235H) offer 0-15
positions with outputs at 1, 2, 4,
8 and common. Break before
make (Type 235N) and make
before break {Type 235S)
switches have 0-11 switching
positions. Current capacity is
100 ma max. @ 15V DC. Typical
initial resistance per channel is
100 milliohms for silver conduc-
tive and 150 milliohms for gold.
Operating temperatureis —25°C
to +71°C. Insulation resistance
channel to channel is 1,000
megohms. Switches can be spe-
cially marked for function setting
identification. For more informa-
tion, use the Reader Service
Number or contact CTS Micro-
electronics, Inc., 1201 Cumber-
land Avenue, West Lafayette,
Indiana 47906. Phone (317)
463-2565.

CTS corpPo

A world leader in cermet and
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New switched
resistor network

The brand new Series 235SR/NR
isa.5"square, 11 position switched
resistor network available with a
range of resistors from 5 ohms to
200K ohms. By combining switch-
ing and resistance functions in one
tiny package, it provides un-
equalled design versatility with
economy. One feature is precise
incremented resistance settings.

RATION -V
ELKHART INDIANA

variable resistor technology.

In the middle. TSI's Groner wants to bridge
gap between the chip makers and the OEMs.

goal is “to get new products devel-
oped and out into the hands of users
with as much haste and as little
waste as possible,” he says.

Spearheading such activity might
test the patience of the 42-year-old
Groner, but his experience should
help him to meet the challenge suc-
cessfully. He received a bachelor’s
degree in engineering from the Uni-
versity of California, Los Angeles, in
1960 and followed that with master’s
and doctoral degrees in electrical
engineering from Stanford Universi-
ty in Palo Alto in 1961 and 1964.

Groner is now awaiting the availa-
bility of a pair of TSI-developed inté-
grated circuits. Called the program-
mable digital signal processor
(PDSP), this chip set can be pro-
grammed to implement a wide range
of synthesizer structures, including
both linear predictive coding and
format synthesis techniques.

Hopeful of having the first PDSP
samples this fall, Groner is responsi-
ble for their development and also
for new products now in the lab that
will use the n-channel chip set. He
sees his division’s role in this bur-
geoning area as “filling the gap”
between the semiconductor makers
producing speech-synthesis chips
and the OEMs. It takes more than a
handful of silicon to get the job
done,” Groner states. “Our emphasis
will be on full customer support, pro-
viding the OEMs with boards and
speech-encoding services that are
targeted at the higher-quality end of
the applications spectrum.”
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Data Infegrity Control
with just one chip.

Signetics’' new 2653
speeds data checking
up to 4 Mbits/second.

Here’s high-speed intelligence to checking and detection in almost any mode:
distinguish control characters from block-check single-character or parity gen-
data. All on one chip. Our new 2653 eration and checking.
data integrity controller offers an Add it to your UART/USART or our
LSI system solution for handling 2651/61 datacomm interfaces. Or com-
Bisync—with transparent mode bine it with our 2652 multi-protocol
support. Count on it to tell you circuit. The result: protocol support
when DLE is not DLE. with minimal software intervention.

Fully programmable, the So when your design calls for
2653 packs a 128x2 RAM data transfer, even in magnetic
which distinguishes charac- media controllers, specify our
ter classes. And that makes one-chip simplifier. Contact
it easy to tell the difference your local Signetics sales
between control and data office or authorized distri-
characters—in EBCDIC, . ¢ butor. Or write: Signetics
ASCII or six-bit codes. B Corp., 811 E. Arques Ave.

Riding atop your P.O. Box 409, Sunnyvale,
microprocessor’s data CA 94086, (408) 739-7700.
bus, the 2653 computes
CRC intelligently and in
parallel. As a result,
high-speed error detection via CRC is a breeze. = =

This powerful chip frees your CPU for other Eln“l!tlns
tasks. It also shrinks programming require-
ments, cuts design time and significantly reduces
parts count. Specify the 2653 to lower your
system development costs. And simplify error

a subsidiary of U.S. Philips Corporation

Multiple Technologies from 8 Divisions:
Analog, Bipolar Memory, Bipolar LS,
MOS Memory, MOS Microprocessor,
Logic, Military, Automotive/Telecom

To: Signetics Information Services, 811 East Arques Avenue
P.O. Box 409, MS27, Sunnyvale, CA 94086 £731
[J Rush details on Signetics ' 2653 One-Chip Simplifier:

Name Title

Company. Division_

Address MS
City. State Zip.

I want to cut design costs immediately. Please have an
applications specialist phone me at:

( ) ext
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Another major milestone in MOS memory technology
from Texas Instruments ...




TI's 64K dynamic RAM
isready fordelivery:

TI has paced the industry through
generation after generation of semi-
conductor innovation, pioneering
a lion’s share of the major mile-
stones in technology and production
capability.

The new TMS4164 from Texas
Instruments represents the fourth
generation of dynamic RAM com-
puter memories, and continues to
fulfill the bright promise of innova-
tive MOS technology.

TMS4164. Advanced architec-
ture. Superior performance. High
speed. High reliability. Low power.
And ready for delivery.

Ready with 4 times the capacity
of 16K RAMs in the same size
package.

Ready with 65,536 bits of random
access memory — and that’s more
than many board-level computers.

Ready with 256 cycle, 4 ms re-
fresh architecture — the optimum
organization evolving from all pre-
vious industry-standard dynamic
RAMs.

Performance has been dramati-
cally enhanced. Speed’s up. Power’s
down. And design innovation makes
this the smallest 64K chip (35K
mil?) available anywhere. From
anyone.

Improvements in density, relia-

Now:

bility, system cost and ease of use

are some of the features, functions

and benefits system designers will

appreciate. Here’s more:

® 64K bits in a standard, 300-mil,
16-pin package saves valuable
board space and reduces system
size

® Single 5-volt operation lowers
power supply cost and system
cooling requirements and im-
proves reliability

TMS4164 256 CYCLE
REFRESH ARCHITECTURE

CLOCKS

256 SENSE AMPS
+Y DECODE

7]
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=
=
=
(=]
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=
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~
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(128 ROWS, 256 COLUMNS)

ROW DECODE

o JEDEC-approved pinout with
N/C on pin one assures stan-
dardization and guaranteed
availability

e High speed: 150-ns access and
280-ns cycle times (min.)

® TTL compatible 1/0 and clocks

® Lowest power dissipation availa-
ble: 125 mW typical

® 256 cycle architecture means
lower current peaks and reduced
system noise

® State-of-the-art SMOS (Scaled

MOS) processing
TI’s new TMS4164 is perfectly
suited for use in mainframe com-
puters and large minicomputers. It
also finds ideal application in micro-
processor-based systems where
smaller size, lower cost and impro-
ved performance are important
considerations.

TMS4164. The deliverable, prac-
tical, usable 64K dynamic RAM.
Compare our 256 cycle refresh ar-
chitecture ... then compare our
performance.

TMS4164. Truly another major
milestone in MOS memory technol-
ogy. Truly another example of the
total commitment Texas Instru-
ments is making to leadership MOS
memory products.

For more information about the
deliverable 64K RAM, call your
nearest TI field sales
office, or write to Texas
Instruments Incorpo-
rated, P.O. Box 1443,
M/S 6965, Houston,
Texas 77001.

— 1

Fifty Years |
o ‘

Innovation

| J g
\-\I} 7 |

J

TEXAS INSTRUMENTS

© 1980 Texas Instruments Incorporated

INCORPORATED
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Consider the Options

Choose Intel’s 8741A: the only peripheral controller with
on-chip EPROM memory and unparalleled development support.

For almost any application where
a system peripheral device interfaces
to a microcomputer, Intel delivers the
flexible design solution: our 8741A.
It’s the only UPI™ controller in the
industry to give you EPROM memory
and vital support that minimizes
design and debug time. It’s the proven
peripheral controller available now
...1in your choice of ROM and
EPROM versions.

Easy-to-instruct slave processor
puts you in control.

If you demand more flexiblity from
your controller, our 8741A delivers.
The 8741A assures that everything
from keyboard control to complex
process control tasks within your
system design can now be efficiently
developed as separate projects. . .
simplifying your design and making
your project more manageable.

Because Intel’s 8741 A controller is
a true slave processor, it acts under
control of the host processor. And it

memory offers freedom and flexibility
to incorporate new features into

the controller. No cost sacrifices or
wasted time. Change your software
as many times as necessary during
development, or when new features
are added to the product.

When your programs have been
developed, just switch to our pin-
compatible ROM version of the UPI
controller, our 8041A.. .. it's the
economical solution for volume
production usage.

A versatile controller with
an easy instruction set.

If you’re familiar with the instruc-
tion set for Intel’s industry standard
8048, you've already made the invest-
ment in learning the instructions
for our 8741A. The majority of the
8741As instructions are control
oriented, so you can easily program
your controller to handle a wide

range of /O tasks.
The result? Our 8741A, a control-

opment system, you can locate

design flaws and software bugs in even
the most complex multiprocessor
designs.

Consider Intel’s ICE-41A emulator
and Multi-ICE software as your
direct diagnostic connection. With
Intel ICE™ modules, you can debug
the peripheral controller and an
entire system. . . all in real time. You
can also rely on Intel to deliver Multi-
ICE software. This unique tool lets
you have two ICE modules running in
parallel, plus macro and compound
command extensions to the ICE-41A
software that reduce testing time,
errors and inconsistencies.

The ICE-41A module lets you use
English-like commands and symbolic
debugging to monitor hardware and
software operation. It lets you modify
registers, memory locations and 1/0
ports. With ICE-41A modules, Intel
delivers the only intelligent solution
for designing intelligent controllers.

Intel’s 8741A, the designer’s

never monopolizes the system
bus. By executing macro com-
mands from the host, our UPI
controller executes from

on-chip program memory.. .
operating in parallel with the
host CPU and freeing the host

CPU to do its job.

More than just an intelligent
controller, our 8741 A contains
an 8-bit CPU, 1K byte pro-
gram memory, 64 byte data
memory, clock, timer/counter
plus 1/O ports. But the perfor-

mance features of Intel’s 8741A go way ler for peripheral devices that have

beyond that.

EPROM programmable
memory helps stamp out high
design costs.

In terms of both redesign and
testing, Intel’s 8741A with on-chip

Electronics /July 31, 1980

no other “off-the-shelf” solution.

No other development support
can serve you better.

Intel doesn’t just deliver a powerful
controller, we also give you powerful
debug tools. With our ICE-41A™
in-circuit-emulator, Multi-ICE™
software package and Intellec® devel-

choice.

If you want shorter design
cycles, cost reduction, reliability
and performance, you want
Intel’s 8741A. Proven in hundreds
of designs worldwide, it’s the best
supported UPI controller you can
incorporate into your design. And
it's available in quantity now.

For more information, contact
your local Intel sales office or
distributor. Or write Intel Corpo-
ration, 3065 Bowers Avenue,
Santa Clara, CA 95051.

intgl delivers

solutions.

Europe: Intel International, Brussels, Belgium.

Japan: Intel Japan, Tokyo. United States and Canadian
distributors: Alliance, Almac/Stroumn, Arrow Electronics,
Avnet Electronics, Component Specialties, Hamilton/Avnet,
Hamitton/Electro Sales, Harvey, Industrial Components,
Pioneer, L.A. Varah, Wyte Distribution Group, Zentronics.
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Critical factors in selecting a microprocessor development system . . .

Evaluating
emulator transparency.
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sophisticated than ever. If you select the nght one, 1t can
make your job easier and help speed the development
process. But to choose such a system requires more than just
a knowledge that it's compatible with your microprocessor.

True transparency?

The first contribution of any microprocessor development
system is in the area of software development. Beyond
this, it must provide a RAM environment, downloading capability
and run controls. That's where emulation comes in. Ideally,
the development system should be totally transparent to
your target processor. However, complete transparency is
prohibitively expensive. Thus some compromises must
be made.

Some criteria.

How can you judge how close a particular development
system actually comes to true transparency? We think there
are three important criteria: How emulator control is isolated
from the user system; the RAM environment; and the speed of
real-time emulation.

A better answer to interrupts.

With many systems, when you wish to take control of the
processor to initialize a program counter to a particular value,
interrogate a register, or single step through a program,

the target processor must be interrupted via an interrupt

line. In contrast, HP's 64000 Logic Development System 8-bit
emulators incorporate a different architectural philosophy.
Instead of calling for an inter-
rupt, they achieve functional
transparency through the use | rarcer EMULATOR
of bank switched background b i

memory where all emulator [ ]
BACKGROUND
MEMORY

control programs reside. As
T BUFFER

Advanced Emulation Architecture

a result, no interrupt lines

are usurped and no processor
address space is occupied

by emulator control programs.
All the memory you're paying for.

Another way in which HP steps closer to true transparency
is in RAM environment. While other systems may have
memory that can be accessed by both the host and target
processors, the HP 64000 separates the host and target
processors, buses and memory. The host processor executes
the monitor program, operating system and application pro-

SWITCH

of 15 O ITONy with a
12 to 120 Mbyte hard disc, whlch funct]ons asa vu'tual memory
and provides mass storage.

This means you get the use of all available emulation
memory . . . and you have no contention problems. What's
more, the 64000 architecture lets you do other tasks while
emulation is in progress. For example, you can modify emulation
memory while your processor is executing a program.

The meaning of real time.

How close a system will run to real-time is a function of
memory chips and system architecture. The HP 64000 uses
high-speed memory chips and microprocessors which impose
fewer artificial speed limitations. Since both the host and target
processors each have their own dedicated memory and
buses, there’s never a contention problem; and in most ap-
plications your system runs at operating speed with no wait-states.
And the 64000’s optional interal analyzer gives you a real-
time, transparent view of target processor bus activity to help
you spot problems that show up when your system

operates at speed.

Independent Bus
and Memory Structure [ HOST J 6K HOST
MEMORY
TARGET rwum J
PROCESSOR
ol EMULATION I 64K muunou]
MEMORY

Other important differences.
The HP 64000 ($23,500* for the basic system including emulator
plus 8K of emulation memory) offers other important ad-
vantages. [t uses a universal, rather than a dedicated ap-
proach, so that you can use it with most of today’s popular
microprocessors. Its directed syntax utilizes “soft keys™ that
speed learning and simplify operation. HP's shared peripherals
approach means that a common data base can serve up to
six development stations for team software development. And
its user-oriented display editor speeds both editing and debugging.
Find out how close to true transparency a development
system can come. For a copy of the HP 64000 brochure, write
to Hewlett-Packard, 1507 Page Mill Road, Palo Alto, CA
94304. 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. price only.

080:5
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Editorial

The wrong kind of tax cut at the wrong time

The sight of members of Congress from both
sides of the aisle falling over themselves in
their eagerness to cut taxes (see p. 50) is one
of the more amusing yet least enjoyable sights
that the nation’s capital has to offer this
election year. In fact, the computer used by
congressional committees and the Treasury
Department to analyze the cost of the tax
proposals even broke down.

The cruel irony of this exercise in confusion
(how many Americans can select from the
pros and cons of tax-cut economics?) is that
across-the-board tax cuts are designed to
create demand, and demand is one of the
reasons we are in the condition we’re in today.
Instead of compounding that error, the
thinkers in Congress might pay more attention

Taking the statistics a step further

The new, more detailed reporting of
semiconductor imports by the Federal
government due to start this month [ Electronics,
July 17, p. 61] is bound to please those in
the industry and those who follow it closely.
Dependable information from U. S. agencies
has been hard to come by, most notably that
dealing with imports from Japan. In fact,
one of the ironies of the data-gathering trade
has been that some professional industry
watchers trust Japanese sources more than
domestic ones. In the words of Mel Eklund,
president of Integrated Circuit Engineering,
a Scottsdale, Ariz., consulting firm, “Given
the choice, I’d believe the Japanese data first.”
But now that the Departments of Commerce
and Treasury and the International Trade
Commission have reached agreement, with
the Semiconductor Industry Association
serving as a kind of watchdog to ensure the
continued accuracy of the numbers, there is
more to be done. As Eklund points out, “We
still need to separate the import data between
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to supply — the supply of technology needed
to solve America’s problems of productivity
and competition on a global basis—and the
jerry-built tax structure that actually seems
to penalize research and development as well
as entrepreneurial zeal.

What is plainly needed is not so much a
general tax cut that would encourage citizens
to spend more of their income for cars and
houses and refrigerators, but an overhaul of
the tax laws to place greatly increased outlays
for R&D within the budgetary limits of even
smaller companies. But this is an election
year, alas, and it is difficult to force the
attention of our leaders past the quick and
easy and palatable fix, past the first Tuesday
following the first Monday in November.

the various foreign manufacturers,” particularly
the Japanese. Also, since most manufacturers
declare items’ value lower than the ultimate
market prices (to keep the tariff bite smaller),
there is a big difference between reported
semiconductor import figures and actual

sales dollars. Even though foreign manufacturers
profess not to know the market values, the

SIA should push guidelines using only final
market values —a difficult task, Eklund
concedes, but one worth the effort. Finally,

the new categories that separate microprocessors
and memory chips help but do not go far
enough. Memories themselves should be

further subdivided — Eklund finds about a

dozen categories of random-access and
read-only devices, as well as electrically

erasable programmable ROMs.

A good start has been made, and the logjam
appears to have been broken. Industry,
spearheaded by the SIA, should continue to
press the Government for more cooperation
and the better statistics that are bound to result.
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‘.'ylt’s new! The PROM Programmer of the future.

Here are 10 ways it makes your job easier today.

Pro-Log presents the powerful, portable
new M980. it makes PROM programming
simple and easy, yet it's loaded with
performance features designed specifically
for engineering, manufacturing and field
service.

. Built to handle the programmable devices
of today. ..and tomorrow}
The M980 programs over 350 devices, with
capacity for devices up to 64K x 16 bits.

=

2. Will accept all existing Pro-Log

personality modules, as well as modules
for future devices as they are developed.

3. One-button duplicating makes the

M980 ideal for fast, mistake-proof volume
PROM programming.

\\\\\*\

N

/Visit us at WESCON bootH #2705
. /
x 7

. Expandable, 32K bit RAM buffer provides

capacity up to 128K bits, and the memory
is safe for 7 days without external power.

. Audio prompting serves as an audible

guide through the programming process.

. Programming-error safeguard system

stops the process, alerts you with an audio
tone, and identifies the error in the display.

. Self testing function lets you check

keyboard, buffer memory and display.

.~Q‘

‘.
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8. Accepts input data from external

sources, including computers,
development systems, paper tape
readers, TTYs, all in multiple formats.

. Light, compact and portable, the

M980 comes in its own attache case.

. Dependabile, rugged construction

makes the M980 ideal for field service.
And it's backed by a two-year parts
and labor warranty.

And there’s a lot more.

Get the whole M980 story. Call or write
for a free brochure. Pro-Log Cor-
poration, 2411 Garden Rd., Monterey,
CA 93440. Phone (408) 372-4593.

Pl

PRO-LOG

CORPORATION
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Meetings

Impact of the AT&T Business Unreg-
ulated Subsidiary and the Restructur-
ing of the Computer/Communica-
tions Industry, The Yankee Group
(Box 43, Harvard Squarc Station,
Cambridge, Mass. 02138), Mcadow-
lands Hilton, Secaucus, N. J., Aug.
5-6, and Palo Alto Hyatt, Palo Alto,
Calif., Aug. 12-13.

1980 Joint Automatic Control Con-

ference, IEEE, Instrument Society of
America, et al., Sheraton-Palace Ho-
tel, San Francisco, Aug. 12-15.

Electronics/China 80, U.S.—China
Trade Consultants Inc. (Clapp &
Poliak Inc., P. O. Box 277, Princeton
Junction, N.J. 08550), Guangzhou

(Canton), China, Aug. 14-24.

First Annual National Conference on

Finally...Serious Expansion
' for the AIM-65

WAL

Introducing Memery-Mate*, the AIM-65

board that lets you spend your time on opplicotion
solutions, not hardwore hassles. Add Memory-Mate
to your AIM-65 ond make quick work of development
ond process control projects.

In its primary function, the Memory-Mate boord pro-
vides 16-48K of RAM exponsion ossignable in 4K
blocks anywhere in the system. Memory-Mate’s pori-
ty check circuitry insures system RAM integrity (in-
cluding AIM’s 4K on-board RAM) for high reliability
applications. The programmable write protect feature
eases softwore development chores. This compact
board, which fits directly bemesth the AIM, also in-
cludes four programmable 1/0 ports, a tone
generator for oudible wornings, ond sockets for 4K of
PROM.

1O i ive opplicotions are occommodoted with
Memory-Mate’s STD BUS interfoce option. Use off-
the-shelf STD BUS cords to solve your biggest /0
problems.

The Memory-Mate with 16K RAM is priced ot $475,
with 16K exponsion chip sets (including pority chip)
costing $100 each. With 48-hour octive burn-in ond
warronty for a full yeor, you won’t have to worry
about reliobility either.

First of the complete AIM-Mate* series, Memory-
Mate will be joined shortly by the Video-Mate*,
Floppy-Mate* and the AlM-Mate cose. For further in-
formation on the entire AIM-Mate series, write
"Attn: AIM-Mate Series’ of the address below.

“TM Forethought Products

Forethought

Products

87070 Dukhobar Rd., Eugene, OR 97402
(503)485-8575
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Artificial Intelligence, American As-
sociation for Artificial Intelligence
(AAAI 1980 Conference, Stanford
University, P. O. Box 3036, Stan-
ford, Calif. 94305), Stanford Uni-
versity, Aug. 19-21.

International High-Fidelity Trade
Fair with Festival, Noweca (D-4000
Diisseldorf 30, P.O. Box 320203,
West Germany), Fairgrounds, Diis-
seldorf, Aug. 22-28.

First Annual Hewlett-Packard 1000
International Users Group Confer-
ence (Glen A. Mortensen, Inter-
mountain Technologies Inc., P.O.
Box 1604, ldaho Falls, Idaho
83401), San Jose Hyatt House, San
Jose, Calif., Aug. 25-27.

The 12th Conference on Solid-State
Devices, The Japan Society of
Applied Physics (3—-5-8 Shiba Koen,
Minato-ku, Tokyo 105), Tokyo
Chamber of Commerce & Industry
Building, Aug. 26-27.

10th Symposium on Electromagnetic
Theory, Verband Deutscher Elektro-
techniker (D-6000 Frankfurt 70,
Stresemannallee 21, West Germa-
ny), Munich Technical University,
Aug. 26-29.

The 15th International Conference
on the Physics of Semiconductors,
Physical Society of Japan (Hiroshi
Kamimura, Department of Physics,
Tokyo University, Tokyo), Kyoto
International Conference Hall, Kyo-
to, Sept. 1-5.

Electronic Business Communications
Conference, Electronic Industries
Association (2001 Eye St. N. W.,
Washington, D. C. 20006), Las Ve-
gas, Convention Center, Las Vegas,
Sept. 3-5.

Second International Colloquium on
Reliability and Maintainability, Cen-
tre National d'Etudes des Télécom-
munications and Centre National
d’Etudes Spatiales (CNET Reliability
Center-Lannion B, B. P. 40— 22301
Lannion, France), Perros-Guirec
and Trégastel-Lannion B, Brittany,
France, Sept. 8-12.
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T™ 500 covers
test and measurement
like nobody’s business.

Nearly 40 plug-ins
let you create a per-
sonalized instru-

ment line-ug.

With most test gear, it takes a lot
of space and effort to create an
instrument setup you can live
with. The Tektronix TM 500 family
makes it easy. All your instru-
ments fit neatly and trimly into a
single mainframe. One that con-
tains almost any testing combi-
nation imaginable.

How? Through a series of
nearly 40 interchangeable
plug-ins representing the total
test instrument array: DMMs,
Counters, Pulse Generators,
Function Generators, Ampli-
tiers, Oscillators, Power
Supplies, Oscilloscopes,
Calibration Instruments,
Specialty Plug-ins and Blank
Plug-in Kits.

For immediate action, dial our toll free
automatic answering service 1-800-547-1512

There are several perform-
ance level choices within each
instrument type to give maximum
cost-effectiveness. And a choice
of six different mainframes to
house the plug-ins you select.
Also, with new plug-ins con-
stantly being developed, you
have a measurement system that
keeps pace with advancing
technology. Alt backed by Tek-
tronix’ worldwide technical as-
sistance and service support.

To find out more about TM
500, contact your local Tektronix
Field Office, or write Tektronix, Inc.

T™ 500
Designed for

Configurability

Tektronix

COMMITTED TO EXCELLENCE

Tektronix inc Europe. Africa

PO Box 1700 Middle East
Beaverton, Oregon 97075 Tektromix Intl inc
(503) 644-0161 Postbox 827

Telex 910-467-8708 1180 AV Amstelveen
Cable TEKTRONIX The Nethertands




Technological leadership.

The MC68000 processor
is now available

MCOBOOO

ADVANCED ARCHITECTURE

HIGH-EFFICIENCY INSTRUCTIONS
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The best available 16-bit microprocessor is
now available from authorized Motorola
distributors everywhere. The MC68000.

Since its introduction in September, 1979, the
MC68000 generally has been recognized as the
most advanced high-performance 16-bit
microprocessor in the industry.

The MC68000 is the first, the only, 16-bit
microprocessor with a large set of seventeen
32-bit registers, and the only one with
16-megabyte direct memory addressing.

Its uniquely powerful yet easy-to-use micro-
coded architecture, combined with the inherently
high-performance characteristics and reliability
of Motorola’s HMOS VLSI technology. offers the
designer unmatched advantages in system design,
software cost reduction and product capabilities.

As a vital aspect of future systems, efficient
multiprocessing capability received special
attention in design of the MC68000. With the
asynchronous bus, a multiple bus-master
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ASYNCHRONOUS BUS

technique is used to achieve high-efficiency
multiprocessing.

Expanded register set allows
enhanced performance.

The 32-bit registers eliminate the need for
pairing, and data and address registers are
separated to allow the performance enhancements
of parallel operation. All the registers can be used
as index registers, and all address registers may
be used as index stack pointers to reduce
programming bottlenecks.

High-efficiency instruction set.

The simple, efficient instruction set was
designed on information developed in extensive
instruction-usage studies. The 56 powerful
instruction types are designed to minimize the
number of mnemonics a programmer must
remember. Addressing modes are usable with all
applicable instructions for additional ease-of-use

Electronics/July 31, 1980



for advanced systems
from Motorola distributors.

Pascal

HIGH-LEVEL LANGUAGES

and reduced software debugging time, with
resulting software development-cost reduction.

Asynchronous, non-multiplexed bus.
Implementation of the asynchronous bus
allows optimum utilization when supporting
devices requiring different access times, and
allows implementation of cache memory or other
hierarchical memory schemes without bus rule
changes. The non-multiplexed bus is up to
30% faster than a multiplexed bus, and improves
overall system performance because interface to
the processor is not a bottleneck.

Designed for

high-level language support.

As the processor for the '80s, the MC68000
was carefully designed for the high-level languages
of the '80s. With Link and Unlink instructions,
the large number of general-purpose registers,
address manipulation on stack. and a variety of

Electronics /July 31, 1980

additional features. the MC68000 is. by design.
the ideal MPU for an easy-to-use, block-structured
high-level language. It's equally fluent with

Pascal or assembly language.

Efficient operating system support.
Numerous features offer valuable operating
system support. Among the most important is the

distinction between the user mode and the
supervisor mode which improves system reliability
and allows resource protection. Also included for
such support are specific instructions such as
the Test and Set instruction (for semaphore
operations). Traps (for efficient operating system
calls). and the Move Multiple instruction {for
streamlined context switching).

Code reliability for system integrity.
Code reliability and maintainability are key
issues for any system designer in this day of large

software development efforts. Illegal instruction
and illegal addressing mode detection aid system
designers in guaranteeing system reliability.

The user/supervisor distinction. privileged
instructions. and traps on unauthorized activity
aid the system designer in guaranteeing systems
integrity.

The choice of winners.

The power and versatility of this total system
approach is more apparent than ever as the
tremendous scope of the entire M68000 family
concept is revealed.

Designers who require the very best in
advanced high-performance microprocessors turn
to Motorola. The M68000 family. present and
future, will be the choice of winners throughout
the '80s. Shouldn't it be yours?

With the flexibility of the developing total-system
M68000 family. and the system-development
support of EXORmacs™. VERSAbus™ and the
VERSAdos™ multi-tasking. multiprocessing
operating system, there is no contemporary
approach to microcomputers that offers so much
for so many systems. The MC68000 is your best
bet for the '80s for

Innovative systems
through silicon.

@ MOTOROLA INC.
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If we dontdeliver
'YourROMSIn

fiveweeks,well

take you tolunch.

In Hong Kong.

That's a guarantee. If we don't
ship your finished prototype
ROM's within five weeks of the
day you give us your programmed
EPROM, codes or punched
paper tape, well fly you to Hong
Kong, take you to lunch...

and fly you home.

Don't start packing. Were

a totally integrated ROM house.
From masking and waferfab to
packaging, burn-in and shipping.
That means were on top of

your order every step of the way.
No subcontractors. No delays.
Our job is to help you get

your product to market while
theres still a market.

Everybody talks about 64K
ROM'’s. We'e delivering. In
quantity. Now. 2364's. And 23325.
And 23165. All compatible

with your 2700 Series EPROMS.
Eight week delivery in produc-
tion quantities. Five week delivery
in prototyping quantities.
Guaranteed.

Price? Competitive. Very
competitive. Call us for a quote.
800-345-6386 is the toll-free
direct line to MOS Technology. If
you're in the West, call our
regional sales office, 408-727-1130.

Want to know more? Return
the coupon below for our
Data Sheets and Hong Kong
Dining Guide. We like to think
you'll see Hong Kong again.
But not on us.

East: Toll Free 1-800-345-
6386 or 6387.

West Coast: (408) 727-1130
ext. 218

M@ =cinoLosyin:

Valley Forge Corporate Center

Norristown. PA 19401
(215) 666-7950
TLX 846-100 MOSTECHGY VASFG
Thats some guarantee
Send me everything there is to know
about your 2316/32/64 ROM5s
And the Hong Kong Dining Guide

Name - S S
Company _ _ I

Address —

City/State/ Zip

Phone ( - —
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A low-end 32-bit mini
designed for the OEM.

Introducing CONCEPT/32"

[ [
7’| SINGLE |
SLOT
IMM
(256KB)

st NGLE
SLOT (\

<

R
~ 16C

ASYNC
RS-232 &
LINES

The trouble with most small minicomputers is
that they started out as big minis and were simply
scaled down. Same functionality. Similar per-
formance. Lower cost. (You’ve seen the ads). If
you're an OEM, you also know those “minis”
retained all their complexity. Big mini interfaces.
Expensive memory. Costly device controllers.
Complex architecture. A big machine, in a cum-
bersome cabinet. Functionality? Sure. But with
all the problems still there for you to solve with
your bucks.

Now there’s a better way. Want to move to
32-bit mini functionality, without investing in
the problems? CONCEPT/32 is your answer. A
single slot LSI processor with the proven
26.7MB SelBUS.

S~ -
A
16-CHANNEL 10P BUS (16 T

J |
v
8 FDX

ASYNC
LINES

Integrated Memory Modules (IMM)

for faster data access, more functionality, and
single-slot memory in 256kB increments. An

I/O Processor (I0P) to off-load I/O management
functions from the CPU and make the total system
more efficient. Specially designed intelligent

IOP controllers on a unique, smaller IOP bus for
“friendly 1/O and interfacing”. Control Panel
functionality on the console CRT. And all with
enhanced reliability, lower cost, and requiring 40
percent less power than any comparable mini.

Full 32-bit mini functionality. Designed right, for
less. Hard to conceive? Call or write us for further
information. Get into 32-bit technology with
CONCEPT/32 from SYSTEMS.

SYSTEMS

Proven COMPUTE R Performance

SYSTEMS toll-free product information service 1-800-327-9716 i
Systems Engineering Laboratories, Inc., 6901 W. Sunrise Blvd., Ft. Lauderdale, FL 33313 - (305) 587-2900. w30
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‘Silicon foundry’
operation eyed for
Mostek, tech center

Alpha radiation
spurs Motorola to
use polyimide coat

Mostek tests bipolar
technology for
telecommunications

Radlo Shack
ready to lower
TRS-80 price floor

Electronics/July 31, 1980

Electronics newsletter

A so-called silicon foundry operation, offering complete circuit design and
fabrication services to outside design groups, could be in the works for
United Technologies Corp.’s upcoming microelectronics center. The center
will primarily develop computer-aided design and software tools to be used
by UTC’s operating divisions to design circuits for their own use. Though
full-blown operation is several years away, UTC’s long-term plan reported-
ly envisions one of those divisions, Mostek Corp. of Carrollton, Texas, as
the merchandising arm for such services, by which software tools supplied
to outside designers would be linked via data-network lines to a central
silicon fabrication facility. Such an approach would be similar to the
silicon foundry idea advocated by circuit design expert Carver A. Mead of
the California Institute of Technology [Electronics, March 13, p. 90].
Though a small Los Gatos, Calif., firm known as VLSI Technology Inc. is
planning to pursue Mead’s idea on a startup basis, no major semiconductor
manufacturer has yet embraced the concept.

Those gremlins known as alpha particles have been causing some soft-error
problems in Motorola Inc.’s 64-K dynamic random-access memory —the
MCM6664/65 —despite the company’s use of folded metal bit lines and
other design techniques aimed specifically at combatting alpha radiation.
As a result, the firm this month began applying an organic polyimide die
coat to all production 64-K dice. In tests using an accelerated alpha source,
the polyimide coating has provided an effective shield without affecting
device performance. It will also be used on forthcoming production units
of the company’s single-power-supply 16-K RAMs, say officials at Motor-
ola’s MOS memory group in Austin, Texas. Among companies that plan to
supply 64-K RAMs for the merchant market, Hitachi, for one, will also use
a polyimide die coat (see p. 103), and 1BM Corp. does likewise on 64-K
parts built for internal use.

With an eye toward potential future telecommunication circuit needs,
Mostek Corp. has begun experimenting with bipolar technology. Within
recent weeks, the Carrollton, Texas, MOS manufacturer has begun running
a small number of bipolar wafers using a simple process on an existing
MOS fabrication line. Though Mostek already supplies a broad line of
complementary and n-channel MOS telecommunications chips, the impetus
for the move is the potential requirement for a bipolar process to produce
certain circuits that may eventually be needed to fill out the family as the
telephone industry goes digital. Two device types have been identified —
the side-tone network and the subscriber-loop interface circuit (SLIC). The
firm hopes to have masks for the side-tone network device by year-end.

Already the volume leader in personal computer sales, Tandy Corp.’s
Radio Shack division is broadening its line. The 1981 Radio Shack
catalog—due out Aug. 1—is expected to contain three new personal
computer products that will supplement the Fort Worth, Texas, company’s
existing TRS-80 family. Officials at the firm are keeping mum about
specific market segments targeted, but the new offerings are believed to
include at least one product that will be priced lower than the current
$500 minimally configured TRS-80 model I desktop machine. Tandy is
also thought to be aiming at some new higher-end applications as well.
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Exxon purchases
plece of V-MOS
power FET house

Microcontrollers
to be first COPs
made with C-MOS

AMI to bulld
C-MOS version
of Motorola 6809

Perkin Elmer
adds CAD to
32-bit minis

System polices
cable recelver

Electronics newsletter

Supertex Inc. has spent most of its first five years making a name for itself
with vertical-groove MOS power field-effect transistors. Now, Exxon
Enterprises Inc., the venture capital subsidiary of Exxon Corp. in New
York, is understood to have acquired 15% to 20% of Supertex. The
Sunnyvale, Calif., firm may, indeed, prove to be a tiger in Exxon’s tank,
for it has been quietly developing a new series of V-MOS power FETs with
current-handling capability more than three times that of devices with
equivalent die size and voltage ratings. With modifications to its device
structures and double-diffused MOS (D-MOS) process, Supertex has low-
ered on-resistance to 0.25 Q or less, improving the efficiency of high-
voltage devices so they can handle a continuous current upwards of 30A.

National Semiconductor Corp., Santa Clara, Calif., is about to take the
wrapping off four new members of its COP (control-oriented processor)
family of single-chip microcontrollers containing all system timing, inter-
nal logic, read-only and random-access memory, and input/output capabil-
ity necessary to implement dedicated control functions in a variety of
applications. The new devices have the lowest power dissipation, typically
50 uw in standby, in the family. COPs have been fabricated up to now in
n-MOS technology only.

Joining the rush to build complementary-MOS versions of popular n-MOS
microprocessors, American Microsystems Inc. of Santa Clara, Calif., will
soon move its C-MOS rendition of Motorola’s high-end 8-bit processor, the
6809, to the mask shop for production next year. That adds AMI to the list
that includes Harris Corp. (making Intel’s 16-bit 8086), Intersil and
National Semiconductor (reworking the Intel 8-bit 8048 microcomputer)
and Mitel Semiconductor (which has seen several passes of silicon on the
Motorola 6802 in C-MOS). Also, Mitel and AMI reportedly have struck a
deal to exchange their C-M0OS Motorola copies and to jointly design
support chips.

Joining other makers of 32-bit minicomputers in the computer-aided
design market, Perkin Elmer Corp. is adding a CAD capability to its 32-bit
mini family. Using the $95,000 AD-2000 mechanical design and drafting
software package from Manufacturing and Consulting Services Inc.,
Santa Ana, Calif., the Computer Systems division in Oceanport, N. J., has
configured three systems based on the 3220 and 3240 computers, ranging
in price from $179,000 to $300,000.

Stopping the kids from watching R-rated movies—or any other undesired
programming —on cable television is going to be easier now that Tocom
Inc. of Irving, Texas, has made available its self-policing system. This
computerized control equipment allows selection of programs by means
of code words. The concerned party simply punches a code word into the
receiver to allow only certain categories. According to Tocom chairman
John G. Campbell, several of the cable television suppliers bidding for a
new system for Dallas, Texas, have included the coding feature.
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cantaketheheat.

Data and program storage is
critical. The last thing you need is to

¥ see it go up in smoke. Or even know

it might. Enter the Synertek 1791
Floppy Disk Controller, the controller
that can take the heat. And cool the
cost of interfacing floppy disk drives
to EDP systems, word processors,
CRT terminals, small business
computers, and more.

Asingle 5V power supply (their's
needs two) leads allist of solid features
you not only need but should expect
in a floppy disk controller. Perform-

ance to specifications over the
entire 0°-70°C range—with no
fall out. Accommodates |BM

Synertek’s 1791 Floppy Disk Controller

3740 and System 34 formats. Handles
5"and 8" floppy disks. Double-buf-
fered data transfers. Plug compatible
to the WD1791-02. Single or double-
density recording formats. Plus mul-
tiple options, like the SY1793-02 with
non-inverting data bus and our
SY6591 which is 6500/6800 bus
compatible.

There's solid support all around
our SY1791, too, with a full product
line of RAMs, ROMs, microproces-
sors and microprocessor peripherals.
All ready and waiting. All in high
volume production.

When you need to take the heat
off, your first move is to call on the
company with the talent and the
teamwork. Your move is to Synertek.

Contact your local area Syner-
tek representative or distributor. Or
call our Microprocessor Group direct
at (408) 988-5614.

Synertek performs as a major
MOS supplier of high volume parts
with advanced technologies and tech-
niques behind everything we make.
ROMs. Static RAMs. EPROMs.

Custom circuits. Single-chip
Microcomputers. Systems.
6500 Microprocessors and
Peripherals.

5 SYNERTEK

3001 Stender Way, PO. Box 552
Santa Clara, California 95052
{408) 988-5600. TWX: 910-338-0135.
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INDUSTRY'’S
RAISED 'EM.

INTRODUCING ECLIPSE" MV/8000, the fast new processor that
gives you high throughput, high performance, and unmatched
reliability, and the most compatible 32-bit computer system in the
industry.

You need a 32-bit system that thinks fast. Mv/8000's 36.4 MB/sec.
memory bandwidth is two-to four-times faster than its nearest
competitor. And it features a unique three-level i/0 system using
independent processors that drive high-speed busses and as many
as 128 terminals.

Need hot architecture? Mv/8000 gives you one of the industry’s
most advanced virtual memory management techniques, plus 4 gigabytes of logical address
space, 6.6 gigabytes of on-line storage, and user programs as large as 512 megabytes —that's
16 times larger than the competition’s.

Your Mv/8000 also has unmatched reliability and maintainability. It comes with its own inde-
pendent microNOVA™-based System Control Processor that continuously monitors a diag-
nostic bus, and identifies hardware faults right down to the field-replaceable unit. Plus, you
get enhanced maintainability with a totally alterable control store —the first ever on a 32-bit
mini-mainframe.

How about system security? MV/8000 gives you an 8-ring security system that divides the
address space into eight imbedded protection areas, each with a unique privilege level. That
secures system resources and user’s privileged routines.

You need a 32-bit computer that speaks your language. Mv/8000 speaks just about all
of them, based on its new, ultra-sophisticated AOS/vS operating system that’s compatible
with our time-tested AOS (Advanced Operating System). AOS/VS has optimized micro-code
for high-level languages like ANSI FORTRAN 77, ANSI BASIC, and ANSI PL/i. What's more, AOS/VS
can run COBOL, DG/L, DG/DBMS, TPMS, INFOS Ii, AZ-TEXT™ word processing, RCX70 (3270) and
RJE (2780/3780).

Compatibility? Forget about emulation, mode bits or rewrites. Along with its new 32-bit
applications, Mv/8000 executes all existing AOS-based ECLIPSE programs. You don’t have to
change programs, peripherals, interfacing, documentation, or people.

Mv/8000, new from Data General. From now on we hold all the cards in 32-bit
systems. Bet on it. And win.
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70 Fuiton Terr, New Haven. CT 06509 (203) 624-3103. TWX 710-465-1227
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Forget everything you
know about pulse generators.

You've just discovered
our Model 4001 Uitravariable
Pulse Generator™—so much
more flexible and economical, it
dramatically simplifies all your
digital designing and testing.

It starts with a smarter
way to set pulse parameters:
pulse width and pulse spacing
are each independently and
continuously variable from 100
nanoseconds to one second
over seven decade ranges.
Providing outputs from 0.5 Hz
to 5.0 MHz.

)-wnm 4001 PULSE GENERATOR

GATE/TRIG IN

l\’)

TG cate oW | wave_ cow | .

K L R R

MODE

SYNC OUT TTLOUT VAR C

Model 4001
Pulse Generator
$235”

In addition to the four
flexible operating modes—Run,
Triggered, Gated, One-Shot—
the 4001 features pushbutton-
selected square-wave and
complement output modes.
Plus a variable-amplitude out-
put, a fixed TTL output, a lead-
INg sync pulse output and
lots more.

Now discover the sur-
prisingly low price: $235*

Smarter tools for testing and design.

OTHER OFFICES: San Francisco (415) 421-8872, TWX 910-372-7992
Europe' Phone Sattron-Walden 0799-21682, TLX 817477

Canada: Len Finkier Ltd.. Oownsview, Ontario

GLOBAL
SPECIALTIES

Call toll-free for details

1-800-243-6077

During business hours

CORPORATION

“Suggested U.S. resale. Prices. specifications subject to change without notice. © Copyright 1980 Global Specialties Corporation
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LSI solution handles
phone call routing
in central offices

by Harvey J. Hindin, Communications and Microwave Editor

Bell system on a board
includes big n-MOS chip
performing time-slot
control, address functions

A T1 digital transmission line is car-
rying as many as 24 voice and data
signals when it enters one of Ameri-
can Telephone & Telegraph Corp.’s
switching offices. Since it is costly to
route these signals through a great
many components occupying a lot of
board space, a team at Bell Labora-
tories has designed AT&T’s largest
n-channel MOS chip—the time-slot
assigner, capable of distributing any
of the T1 system’s 24 incoming
streams of signals to any of 256 out-
going lines.

The large-scale integrated circuit
and its associated custom ICs (see
photograph) are the heart of what
the telephone people call a digital
access and cross-connect system. A
typical DACS allows a 26:1 space
saving over a system that uses medi-
um- and small-scale ICs. The new
time-slot assigner chip alone replaces
three 8-by-10-inch circuit boards.

Necessary. All this routing is nec-
essary because the signals that come
into the central office are a mix of
types. Some, such as private-line or
tie-line calls, must be switched from
one T1 system to another. Others—
ordinary telephone calls, for exam-
ple—may have to be converted to
analog form for immediate delivery.
With DACS, all this is done automat-
ically, whereas previously it might
have had to be done by mechanical
switching and wiring procedures.

DACS not only routes calls, it also
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segregates voice messages by type
and collects messages with common
destinations so as to increase the
average message load of the TI
channels. Furthermore, it simplifies
the connections and testing required
between central offices.

One big advantage is that only
those signals that need it are con-
verted into analog form. In older sys-
tem approaches, all the signals had
to be converted for routing and then
reconverted into digital—a tactic
that degrades their signal-to-noise
ratio.

A big one. The new IC, called a
time-slot assigner, is 10.64 by 8.13
millimeters and has 3.5-micrometer
line widths. Despite the size, “its
yield is pretty good,” says John R.
Colton, supervisor of the controller
group in the Holmdel, N. J., lab.

Most of the chip’s 36,000 transis-
tors perform control and address
functions, with but 3,500 bits of on-
board random-access memory for
control and data handling. The rest
of the system has 32 kilobyfes of
RAM and 192 kilobytes of read-only
memory, but this total can serve as
the equivalent of 1 megabyte of stor-
age because of what Colton calls
DACS’ state-of-the-art memory man-
agement software.

“This kind of memory manage-
ment is usually only applied to mini-
and maxi-computers,” he says. The
DACS’ great memory demands made
such an operating system necessary,
he adds.

Eight microprocessors, distributed

L8| solution. One of several custom chips in
Bell's new line-distribution system is the car-
rier-alarm IC, which monitors all incoming T1
channels for signal loss.

throughout the system, operate
DACS. Two, Bell’s own MAC-8, are
“the brains of the system,” Colton
says. They handle the time-slot
assignments and testing between
central offices.

The six other processors are com-
mercially purchased parts, whose
identity Bell will not disclose. Four
are in the synchronizer that controls
the timing of the myriad of signals in
the system; one is the controller for
the backup bubble storage; and the
sixth is in the alarm interface and
controls circuits warning of various

N
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system failures, such as loss of signal
in the T1 channels.

Since the system RAM is volatile
and loses its information in a power
failure, DACS has a bubble memory
backup. Made from standard West-
ern Electric products, it constantly
memorizes the latest assigned routes

for protection of the operation.

Having undergone extensive tests
at the Holmdel facility, DACS is
scheduled to enter the telephone
company’s installation cycle in the
second quarter of 1981. Offices hav-
ing it will be able to handle as many
as 127 bidirectional T1 lines.

Solid state

GaAs test memory with 100-ps delays
has structure of MOS statics

Anticipating a need for the speed of
gallium arsenide integrated circuits
by the end of the decade, engineers
at Lockheed Missile and Space Co.
have started developing GaAs ICs for
spacecraft communications systems.
Their latest achievement is a GaAs
static random-access memory oper-
ating from a £0.5-volt power supply
and with gates that have propagation
delays of about 100 picoseconds.
Made with both enhancement-
and depletion-mode metal-semicon-
ductor field-effect transistors, the
part uses 1-micrometer design rules
for a cell size of 57 by 40 um and an

overall size of 20 by 10 mils. “Long
term, we expect to produce GaAs
memories that are three to five times
faster than silicon memories,” says
Donald K. Kinell, staff engineer at
Lockheed’s Microelectronics Center
in Sunnyvale, Calif. Production
parts with 2-um geometries should
have access times of between 5 and
10 nanoseconds, whereas 1-um ICs
could have access times of 2 to 4 ns,
he predicts.

The Lockheed engineering team
has just designed the mask set for a
divide-by-2 prescaler that will be its
next GaAs chip. It will be followed

Ovshinsky, A. B. Dick form joint venture

Stanford R. Ovshinsky's Energy Conversion Devices Inc., Troy, Mich., and
A. B. Dick Co., Chicago, Ill., have formed a joint venture to make updatable
microfiche systems that use the former's amorphous films. The A.B.
Dick-MicroOvonics Inc. desktop imaging and verifying systems will use
ECD's instant dry-process microimaging film. Ovshinsky had an earlier joint
venture on the same technology with the 3M Co., which subsequently
withdrew its support.

The agreement calls for Ovshinsky’s company to supply the technology to
the new company, which will do the manufacturing, says Ned Kight, execu-
tive vice president of A.B. Dick. He would not specify the investment
involved beyond characterizing it as multimillion-dollar.

"Unlike 3M’'s arrangement, in which it was simply a distributor of the
microfiche machines, ours is more involved, since we have a joint interest
with ECD,” Kight says. A 3M spokesman says it terminated its agreement
with the Ovshinsky company last September because the machines did not
meet specifications. However, an Energy Conversion Devices spokesman
retorts that the machines did meet specifications.

In photovoltaics, ECD has a $25 million research-and-development pact
with Atlantic Richfield Co. for amorphous solar cells [Electronics, Jan. 31,
p. 40], and that agreement follows an earlier arrangement with United
Nuclear Corp., which now is suing on the grounds that it has 50% of the
rights to proceeds of ECD’s solar-cell research. It has included Arco Solar
Inc., Atlantic-Richfield’s subsidiary, in at least one of its three suits, which are
in the early pretrial stages. -Roger Allan

40

by a 2-bit adder. “We will design a
16-bit memory next and test out the
various buffers and decoding logic,”
Kinell notes.

The test IC uses the cross-coupled
flip-flop design with depletion tran-
sistor loads commonly found in stat-
ic MOS RAMs. Lockheed thinks it is
taking a major step in including both
enhancement- and depletion-mode
devices on the same GaAs chip.
Enhancement-mode devices do not
have the drive capability of deple-
tion-mode devices and are more dif-
ficult to fabricate because they
require tighter control of pinch-off
voltages, Kinell notes.

However, “coupling the two will
yield the higher densities and
reduced power (0.5 milliwatt per
gate) associated with enhancement-
mode circuits, while keeping the
speed close to that of depletion-mode
circuits,” he says.

Speed. The speed potentials of
GaAs circuitry are breathtaking. For
example, a Lockheed test logic IC
demonstrated gate delays of 50 pico-
seconds, corresponding to a clock
frequency of 2 gigahertz. The best
present silicon circuits are emitter-
coupled logic with delays between
700 ps and 2 nanoseconds.

Researchers at Nippon Telegraph
and Telephone Public Corp.’s Musa-
shino Electrical Communication
Laboratory recently developed a
GaAs test IC holding a 15-stage ring
oscillator with a gate delay of 30 ps
alongside 3-GHz divide-by-2 and
divide-by-8 prescalers. Fabricated
with electron-beam direct exposure,
the IC has '/2-um gate lengths.

By comparison, experimental
Josephson-junction circuits at 1BM
Corp.’s Thomas J. Watson Research
Center have achieved gate delays on
the order of 13 ps. However, Joseph-
son circuits require cryogenic cool-
ing to work.

At Rockwell International Corp.’s
Electronics Research Center, engi-
neers are concentrating on a low-
dissipation, planar MES FET process
involving multiple localized ion im-
plantations. Recently fabricated 1Cs
include a ring oscillator with 62-ps
gate delays, says Richard C. Eden,
principal scicntist at the Thousand
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Oaks, Calif., research facility.

The 1-um geometries were fabri-
cated with optical lithography and
step-and-repcat projection masks.
The center’s largest circuit so far is a
5-by-5 paraillel multiplier with 260
gates and delays of 150 ps.

*“*Some initial memory devices are
in process,” Eden says. Rockwell
plans *“to start development later this
year of a 4-K static RAM that should
be able to achieve access times of
from 1 to 2 ns.”

Soon. By 1985, predicts D. How-
ard Philips, manager of Lockheed’s
Microelectronics center, GaAs logic
ICs should achieve 4-GHz or better
speeds, nearly a tenfold advantage
over what is being forecast for ECL
and complementary-MOS-on-sap-
phire chips. He also predicts that
discrete GaAs FETs will be showing
similar speed advantages —40 versus
4 GHz—over their best silicon rivals,
having already demonstrated twice
the cutoff frequency—12.7 GHz.

The impetus for the Lockheed
work is the expected hike in data-
transmission rates from space. By
1986, the down-link data load will
jump an order of magnitude or more
from the present 10' bits per year,
Phillips says.

What's more, the National Space
and Acronautics Administration
‘“projects that by the end of the dec-
ade the down-link data load will
increase by more than a factor of
10,000, he adds. The 1-gigabit-per-
second data rate achieved by the
fastest present silicon ICs “is about
the best that can be expected” from
them, Phillips says. -Bruce LeBoss

Military

SAW filter can track
fast coding changes

Spread-spectrum communications
systems, long used by the military
for their resistance to jamming, may
become even more resistant to it,
thanks to a surface-acoustic-wave
filter capable of processing rapidly
changing waveforms in real time.
Unlike conventional SAW matched
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Decoding. The programmable SAW convolver integrates acoustic waves derived from
incoming and reference signals, giving a reai-time decoded output.

filters, whose signal-matching refer-
ences are fixed patterns etched on
their substrates, the new SAW part
uses as a reference a time-reversed
waveform corresponding to the in-
coming signal.

Thus a receiving operator can pro-
gram the system with appropriate
reference signals to accommodate
bit-to-bit changes in waveform en-
coding. That capability is good news:
even though spread-spectrum tech-
niques force a noise-jamming system
to spread its available power over a
wide bandwidth, thus decreasing the
spectral power density that makes its
interference effective, any signal
waveforms that are constant or
change predictably can still be
matched in frequency by more
sophisticated jamming.

Till now, the only means of equip-
ping a communications system to
accommodate fast, random changes
of waveform encoding has been the
correlator, which must search blind-
ly for incoming signals. But the syn-
chronization problems make it too
slow to handle very short, burst-type
military messages.

So coupling the speed of matched
filters for real-time signal processing
with the programmability of the cor-
relator produces a real advantage,
says John H. Cafarella, assistant
group leader at the Massachusetts
Institute of Technology’s Lincoln
Laboratory, where the new part was

developed. It would take “‘a deskful
of electronics’™ performing 10"
mathematical operations per second
to achieve the same functions, he
remarks.

For signal processing, the part
uses a technique called convolution,
as do conventional matched filters.
That is, its impulse response is the
time reverse of the waveform to be
received. This response is produced
whenever the signal arrives, elimi-
nating the search time required by
correlators.

Varying response, Where ordinary
filters’ hardware limits their re-
sponse to one waveform pattern, the
response of the SAW convolver can
vary each time a new reference is
applied. A suitably programmed
waveform generator supplies the
varying references.

One version of the new part cou-
ples a piezoelectric substrate with a
semiconductor across a narrow air
gap (see figure). It converts both
incoming signal and reference into
acoustic waves, which propagate
past each other from opposite ends
of the piezoelectric substrate.

Electrical fields accompanying the
wave interact with free electrons in
the semiconductor. The semiconduc-
tor spatially integrates the products
resulting from its nonlinearity, giv-
ing an output that represents the
convolution of the two acoustic
waves shifting past one another. Lin-
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coln Lab reports a processing gain of
34 decibels and a dynamic range of
46 dB for 200-megahertz bands.

Somewhat lower performance
coupled with lower production costs
than the acoustoelectric version may
come in an alternative, monolithic
structure. It uses a piezoelectric sub-
strate only.

Elastic. This elastic version, as it
is called, creates a different kind of
nonlinear interaction, involving the
strain waves produced in the sub-
strate by the acoustic waves propa-
gating past one another. A deposited
electrode running the length of the
substrate picks up and integrates the
products from the strain interaction.

The elastic SAW convolver has
been tough to develop because
strain-wave interactions are much
weaker than acoustoelectric ones,
but it can compensate for that prob-
lem by compressing the acoustic-
wave beams to produce higher power
densities. First engineered in 1974
by Thomson-CSF in France, it is now
under development at the Lincoln
Lab, in Lexington, Mass., and at
Andersen Laboratories Inc., a
Bloomfield, Conn., custom house.

Andersen plans to deliver proto-
type models under a military con-
tract in the next six months. Vice
president Thomas Martin estimates
eventual production costs could be
under $100 each. -Linda Lowe

Communications

Bell PBX snuggles
up to computers

Added features are making Bell Sys-
tem equipment look more and more
like small computers. A prime exam-
ple is a new private branch exchange
aimed at controlling hospital energy-
management and data-entry func-
tions, as well as routine voice com-
munications.

The telecommunications giant will
not make the claim that the new
Dimension 2000 is either data-com-
munications or computer gear. But
the features added put the PBX unit
right next door to such hardware.
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Very intelligent PBX. Bell's new Dimension 2000 PBX can handle data entry for a computer
from 2,400 handsets and energy management at the same time.

the hospital’s computer connected to
the Dimension 2000 by means of an
RS-232-C interface. In this way the
PBX acts as a data-entry terminal in
a computer network. It can interface
with a total of 2,400 telephone hand-
sets, Bell says.

Expansion. The new Dimension
2000 provides some of the features
that would be needed once Bell’s
long-awaited data-communications
network, the Advanced Communica-
tions System, comes on the market.
However, Schindler is not ready to
say that this PBX will positively play
a part in such a scheme,

*“As part of an integrated strategy,
it always behooves one to look at a
product’s answering of customer
needs in the form of network and
on-premise capabilities, with a view
toward making sure that there is
integration,” he says.

The new offering is controlled by
a microprocessor Bell designed for
the Dimension family and contains
448 kilowords of random-access
memory. Four 16-K RAM chips
bought from an outside vendor have
been added to the original Dimen-
sion 2000 to handle the added func-
tions. No added read-only memory
was required, although some manip-
ulation of the software resident in
ROM was needed.

The user may program the relays,

High on the list of pluses touted
by American Telephone Telegraph
Co. is the energy-communications
signaling unit that interfaces with
the PBX. As many as 200 of these
devices may be attached (see figure)
to provide interconnections for turn-
ing lights on and off, opening and
closing doors, or performing any oth-
er task under a relay control that is
driven by a low-voltage signal put
out by the unit.

The unit’s relays put out 24 volts
at 2 amperes and can switch up to
240 v. The customer adds all sensors
or other attachments that connect
with these relays.

“There’s an interface between the
customer’s air-conditioning unit or
what-have-you and the Dimension
PBX. So all we do is to turn it on or
off. What the user wants to do
beyond that is up to him,” observes
Gary N. Schindler, AT&T marketing
manager for the health care and
lodging industries, Morris Plains, N. J.

Data entry. Another feature help-
ing to turn the Dimension 2000 into
a computerlike unit is the ability to
enter data over a Touch-Tone tele-
phone set. Such information as the
number of empty beds or a patient’s
status may be keyed into the system
from any designated handset’s key-
pad in the network.

This information is forwarded to
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1. HIGH SPEED

Programmable data rates to 6 MHZ with
up to 4K bits of data behind each pin.

2. MULTI-PROGRAMMING

Up to 4 TRT terminals per system for

m v r atil simultaneous program preparation.
'|h: pas i € 3. MODULARITY
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4. ADAPTED “ATLAS”
TEST LANGUAGE

Easy to learn English-like test
language that is UUT oriented. Uses
terminology familiar to your test

technicians.
5. MICROSIM™ SIMULATOR
Advanced four-state time domain
simulator designed specifically for
A' E real-time testing of digital circuits.

The IE System 390 family of general purpose functional testers meet
all of your printed circuit board testing requirements. We offer:

® A digital subset designed to test present and future digital logic
circuits which encompass the latest technologies from SSI to VLSI.

® An analog subset utilizing sophisticated software controlled
switching matrixes to route a large variety of stimulus and
measurement devices to any UUT pin under program control.
Ability to route up to 18 device leads simultaneously.

® A flexible hybrid system which combines the analog and
digital subsets. The digital and analog subsets are combined
through an internal multiplexing system.

@ Automatic guided probe diagnostics using CRT instructions to
allow low skill level operators to troubleshoot complex digital
boards under software control.

Get all the facts. Call or write: Instrumentation ™

Instrumentation Engineering . Engineeringrg While others are talking,

769 Susquehanna Ave we're doing it.
Franklin Lakes, N.J. 07417
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each handset’s access number, and
restrictions placed on specific lines
via what Bell calls a customer-
administration panel (‘“‘customer
control” in figure). This makes
changing telephone numbers or relay
controls in the system a matter of
pushing a few buttons with no need

for extensive rewiring by Bell.
Obviously the Dimension 2000
will have applications outside the
hospital environment. Other possibil-
ities include offices and manufactur-
ing facilities, although Schindler is
not ready to speculate on exact mar-
kets, or the pricing of specific config-
urations. -Harvey J. Hindin
and Pamela Hamilton

Consumer

Bell, Knight-Ridder
launch viewdata test

Compared with its English, French,
and Canadian counterparts, Ameri-
can Telephone & Telegraph Co.
comes late to the electronic home-
information game. But having quiet-
ly laid the groundwork, Bell is join-
ing with Knight-Ridder Newspapers
Inc. to test a viewdata system, send-
ing data over telephone lines.

The two companies are heralding
their announced Coral Gables, Fla.,
test setup as a true home-informa-
tion system, even though it is limited
in scope. News, information, and in-
home shopping will be offered to 160
selected homes for the next six
months. The lucky viewers will be
treated to some 15,000 pages of
information.

Phone lines. With no sound and
freeze-frame graphics only, the
transmissions can be sent over regu-
lar telephone lines without band-
width problems. The viewers see the
output on special TV receivers, call-
ing up pages with a control unit.

AT&T hopes such tests will lead to
telephone lines, rather than televi-
sion signals, playing the major role
in home video-information systems.
It has had a previous viewdata test
trial for the deaf in New York and
another continues in Albany, N. Y.,
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for what is billed as an electronic
telephone directory. The latter sys-
tem actually gives customers access
to Bell computers for weather, time,
and sports updates, plus directory
information [Electronics, Sept. 13,
1979, p. 40].

Others. Great Britain's Prestel
system has been extensively tested
for some years now and has gone
through several versions. It is avail-
able commercially, offering some
150,000 pages of information, and is
licensed in the U.S. by General
Telephone & Electronics Corp. An-
other English invention was a similar
system called teletext that sends the
data over the air during the blanking
interval of television signals.

The Bell tests are not the only
effort in the U.S. The French tele-
text system, Antiope, has undergone
tests in St. Louis (vying with the
British version) and Los Angeles. In
France, a viewdata and teletext
experiment involving 3,000 house-
holds is scheduled to start at the end
of the year near Paris.

Finally, the Canadian Department
of Communications has the Telidon
system, with technology claimed to
be the most advanced and distinct
from other viewdata and teletext
approaches [Electronics, April 10,
p.- 44]. U.S. and Venezuelan tests
were set recently, and extensive test-
ing has already been undertaken in
Canada.

For all these systems, the problem
has been to decide what kind of ser-
vices to offer at a price that consum-
ers are willing to pay. This is no
small feat, as the pages of informa-
tion are often available from other
sources, such as the daily newspaper.

Now operational, the Bell-Knight-
Ridder system, Viewtron, is interac-
tive in that the user has a keypad to
order goods and electronic banking
services. Self-instruction features
and games will also be available.

Very special. Viewtron is not
readily transferable to the mass mar-
ket, since the home TV set needs an
interface that is not currently in pro-
duction. The sets being used for the
test cannot receive regular broad-
casts, a move that ensures that the
research data will be unaffected by

other variables. Also, dedicated
phone lines will handle the informa-
tion transfer, although the system
could share the existing lines.

It is, however, no problem to build
a dual-function TV receiver. It is also
possible to produce an adapter for
conventional TV sets.

For now, the test merely shows
Bell's commitment to the concept of
phone-based video-information sys-
tems. In the limited trial, pricing is
not a consideration, since the equip-
ment and service are furnished free
of charge. The kind of setup—and
the price structure—that would be
offered to a large-scale market are
still unknown. -Harvey J. Hindin

Medicine

Smart gamma unit
forms images faster

Designers at the Israeli medical elec-
tronics manufacturer Elscint Ltd.
have combined the sensing and com-
putational functions of a gamma
camera system so that its operation
is refined by the computer’s input.
They have modified the electronic
architecture of the firm's computer-
ized-axial-tomographic scanners to
serve in the new Apex gamma cam-
era, giving radically faster and more
accurate heart examinations.
Gamma cameras form images of
internal organs by sensing gamma
radiation from a patient injected
with a radioactive isotope. In older
systems, a minicomputer constructs
a black and white TV image based on
the number of emissions, or counts,
that occur within a given area.
Apex’s integrated setup, which
uses four microprocessors, automati-
cally measures the nonuniformity
and nonlinearity of the sensor and
corrects images on the fly, thus
improving sensor resolution while
maintaining a high count rate.
What’s more, the various models
cost between $90,000 and $200,000,
whereas the older setups can cost as
much as $300,000 for the camera
plus $200,000 for the minicomputer.
The design uses four tightly cou-
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SCIENCE. SCOPE

Ultra high-speed satellite communications are closer to reality with the devel-
opment of unique pseudo-random code generators. The hybrid circuits, which
operate at more than 1 billion bits per second, were built with gallium-arsenide
field-effect logic. They demonstrate that the problems of making such chips --
problems including layout, construction, die and wirebonding, and chip handling
-- can be solved. Researchers at Hughes will use the chips as signal sources
for gigabit logic experiments.

The unique method for ejecting Leasat satellites from the cargo bay of NASA's

Space Shuttle -- a process that has been likened to flipping a flying disk --
has been proven in simulation tests. In a test designed to imitate the zero
gravity of space, small explosive charges were fired to release a mock space-
craft weighing 15,000 pounds and measuring 14 feet in diameter. The simulated
craft, hung from a 70-foot cable attached to a low-friction trolley, cleared its
cradle and the bay as expected. Hughes is building five Leasat satellites to
fill the communications needs of the U.S. Navy and other armed services. The
spacecraft are to be launched aboard the Space Shuttle into low orbit, then
released and boosted into synchronous orbit 22,300 miles above the earth.

Designers of computer software systems can expect help from other computers in
the near future. A computer aid being developed by Hughes serves as draftsman,
librarian, and report writer of a design session. The system, appropriately
called AIDES (for Automated Interactive Design and Evaluation System), converses
with the designer in near English and draws charts on TV-like terminals and
plotters. It also analyzes designs for soundness and testability. AIDES re-
duces the labor intensity associated with software design, while improving con-
sistency and overall quality. Studies indicate the system trims design time by
30 percent and slashes costs for structure chart documentation by 95 percent.

Hughes is seeking engineers to develop advanced systems and components for such
weather and communications satellites as GOES D, E, and F, Anik C, GMS II,
Leasat, SBS, Westar IV, and Palapa B. Immediate openings exist in advanced
communications, scientific and engineering programming, systems test and evalu-
ation, microwave and RF design, power system design, spacecraft alignment,
thermal and vibration test, and reliability and quality assurance. Please send
your resume to Tom W. Royston, Dept. SE, Hughes Space & Communications Group,
P.0. Box 92919, Los Angeles, CA 90009. Equal opportunity M/F/HC.

Better ways to help pilots visualize the performance characteristics of their
weapons, particularly during the stress of combat, should reduce the chance of
missiles being fired in such instances as when the aircraft is in the wrong
attitude or the target too far away. Hughes, under U.S. Air Force sponsorship,
is evaluating new display techniques and algorithms (data processing formulas)
for fire control systems. After these concepts have been analyzed in ground
simulations, the best will be demonstrated in flight tests in an F-15 fighter.

Creating a new world with electronics
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Electronics review

pled microprocessors. The main cen-
tral processing unit, a 16-bit 8086,
does the system’s number crunching
while two other Intel processors, an
8085 and an 8089, manage the sys-
tem memory.

The 8-bit 8085 takes care of the
slower permanent storage—a 1.2-
megabyte floppy-disk drive, which

can be used for individual patient
workups, and up to eight 15-mega-
byte hard disks, which provide pro-
gram and on-line archival storage.
The 8089, an input/output peripher-
al processor that is a member of the
8086 family, provides fast access to
the system’s 545-kilobyte semicon-
ductor memory in which the correct-
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ed image data is initially stored.

Corrections are done on the fly on
incoming data by an Advanced
Micro Devices Am2901 bit-slice pro-
cessor. Data from the sensor-photo-
multiplier tube in the camera is first
digitized by a 12-megahertz analog-
to-digital converter with 9-bit preci-
sion and fed to the 2901, which
applies the corrections generated
during the system’s latest self-cali-
bration round.

Apex’s camera uses a single crys-
tal, an approach that in other sys-
tems gives good resolution but poor
speed. However, the digital integra-
tion gives a maximum speed of
500,000 counts per second, equiva-
lent to that obtained by multicrystal
cameras, but without the latter’s
poor resolution. Apex achieves a res-
olution of 1.8 millimeters in its
small-field model, the equivalent of
the older, much slower models. Non-
linearity is 0.1% and nonuniformity
is 2%; in a typical single-crystal
camera, nonlinearity is 2% and non-
uniformity ranges from 8% to 15%.

Two studies. The combination of
high speed and good resolution
makes feasible first-pass examina-
tions, in which the images are
obtained when the isotope passes
through the heart for the first time.
It may also be used for multigated
studies, in which counts taken during
a number of cardiac cycles are
stored in memory and analyzed to
produce succeeding frames in a
kinetic picture of the heart’s action.

Older systems typically have been
multigated, because their high-reso-
lution single-crystal cameras have
not been able to achieve the high
count rates necessary for single-pass
studies. Of course, Apex speeds up
multigated studies, taking several
minutes to form the image whereas
older systems need 10 to 20 minutes.

For Elscint, the system represents
a move towards greater emphasis on
high-technology medical products.
Later this year, the company plans
to introduce an ultrasonic body scan-
ner, based on the CAT scanner tech-
nology. It also plans word-processing
packages that can be used for semi-
automatic production of medical
reports. -Richard W. Comerford
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You’re constantly demand-
ing better and better features

from smaller and smaller rigid
disk drives. We hear you.

We're responding with our new
8-inch, 20-megabyte D800O0. It fits
right into the slot now occupied
by your 8-inch floppy drive, and it
has the easiest and most flexible
interface of any drive in its class.

Pertec® gives you Winchester -
type technology that keeps contam-
inants away from environmentally
sealed disks and heads. Plus average
access time no greater than 50
milliseconds and a transfer rate of
6.914 megabits/second with
internal data separation.

The Pertec D8000 does things
traditional floppy disks or cartridge
drives can’t do. Its powerful micro-
processor chip handles interface,

Electronics /July 31, 1980

Listen, listen, listen.

s

spindle speed, position control and
a variety of self-diagnostic routines.

Talk to us. . .call (213) 996-1333
(Western Region); (603) 883-2100
(Northern Region);or(305)784-5220
(Southern Region). Or write for
our new full- line peripherals
brochure. Pertec Computer Corp-
oration, Peripherals Division, 21111
Erwin Street, Woodland Hills,
California 91367.

Your demands have finally
been heard.

©1980 Pertec Computer Corporation. Reading,
England 734-582-115; Frankfurt, Germany 395-387;
Meudon,France 534 -7647; Sydney, Australia 437 - 6668;
Tokyo, Japan 662 -8151; Metro Manila, Philippines
85-4236; Taipei, Taiwan 768-1232; Singapore
293-2630; Hong Kong 543-1772.

PERIPHERALS
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Known in all the best circuits

The dedication to reliability makes Tansitor the first or The ranges include dipped, chip, subminiature, solid,
only choice for those applications where tough all tantalum, wet tantalum and foil types and extends
environmental or electrical conditions exist. from 0-001 to 3500 mfd; 2to 450 volt. Write or ‘phone

a e 07 CEIE 'lv:/ansitor Electronics, Inc.
Tansitor tantalum capacitors !0,
Tansitor - )relia{)le in so many ways
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Alarmed ITU protests
FCC desire to see
private lines shared

FCC stumped
over cholce of
quadraphonic system

Communications bill
should be delayed,
Rodino malintains

U. S. accuses Belglan
of acting for USSR
In source-code deal
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Washington newsletter

A unanimous Federal Communications Commission decided last April
that corporations ought to be allowed to share the private lines they rely on
to conduct their business overseas or to resell unneeded communications
capacity. But other countries believe the FCC has overstepped its bounds: a
strong letter to the U.S. State Department from the world agency
responsible for coordinating international communications policies claims
the commission is violating international guidelines against reselling and
sharing that the U. S. agreed to four years ago. Leon Burtz, a key official
in the 154-nation International Telecommunications Union, expressed his
“surprise”” and “deep disappointment” at the FCC’s action and asks the
State Department to persuade the FCC to reconsider.

The Federal Communications Commission would like to approve a new
quadraphonic broadcasting system for fm radio stations but is unsure how
to go about selecting a standard. The commission has decided unani-
mously not to determine what kind of standard should be adopted for
quadraphonic broadcasting. Several companies, including RCA, CBS,
Zenith Radio Corp., Quadracast Systems Inc., and General Electric, have
designed systems. But for the most part they are incompatible. The FCC
has decided to ask the public to comment on whether a specific system
should be selected or a general standard adopted with the marketplace free
to choose the system to be used. If the public persuades the FCC to choose
a specific design, the commission indicates it would favor those proposed
by RCA and Quadracast, which are compatible.

Rep. Peter W. Rodino Jr. (D., N. J.) and the House Judiciary Committee
he heads believe Congress should hold off on H. R. 6121, the communica-
tions legislation that would restructure the industry, until the U.S.
government’s antitrust case against American Telephone & Telegraph Co.
is resolved. In a letter to the chief sponsor of a bill in the House that would
revise the Communications Act of 1934 by changing the rules under which
AT&T does business, Rodino suggests that legislative intervention in the
industry when the trial is to begin in October “is, at best, highly unusual.”
The Congressman told Rep. Lionel Van Deerlin (D., Calif.) that he will
not support the bill if it lifts AT&T’s 1956 consent decree with the Justice
Department and allows the telephone company to get into data processing
through a separate subsidiary.

Now that the State Department is keeping tighter control on high-
technology items that had been finding their way to the Soviet Union
through third parties, the USSR allegedly has been trying other means to
acquire the classified technology and equipment. In one case, a Belgian
businessman is awaiting Federal court trial in Washington, D. C., after
being charged with an attempt to buy the source code for a military
data-management software system from an undercover agent of the Feder-
al Bureau of Investigation. The system —dubbed Adabas- was developed
by Software AG of North America in Reston, Va., and is used at 700
installations around the country by banks, oil companies, and state govern-
ments, as well as the military. Adabas, which anyone may purchase for
$160,000, runs on 1BM, Siemens, and Digital Equipment computers. But
the source code is not sold by Software AG to anyone.
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Washington commentary

Some tax cuts for technology?

Congressional Democrats have caught tax-cut
fever from their Republican counterparts ever
since GOP Presidential nominee Ronald Reagan
proposed at the end of June a $35.8 billion
tax-reduction program. As a result, both parties
are pushing proposals of nearly every descrip-
tion to attract votes in November. Not many of
these tax-cut plans can be called practical solu-
tions to the fiscal problems of the U.S., how-
ever. The idea of a 10% across-the-board cut
being promoted in the Senate by Kansas Repub-
lican Robert Dole is maybe the most simplistic.

Although a general reduction in taxes has
broad political appeal, it would only compound
the huge increases in the Federal budget deficits
just predicted for this fiscal year and next by
President Carter. In its revised economic fore-
cast to Congress, the White House estimates
that the fiscal 1980 deficit will hit $60 billion—
a 64% jump from the March projection of $36.5
billion —without a tax cut. The March forecast
of a $16.5 billion surplus in fiscal 1981 has now
become a deficit of almost $30 billion. And that
deficit could climb by another $10 billion with
the enactment of a $25 billion tax cut to become
effective in calendar 1981.

Though tax cuts may only aggravate these
dismal figures, there are some sensible long-
term solutions now pending before Congress
that can stimulate American competitiveness in
the world’s markets. Four programs being
pushed vigorously by the American Electronics
Association deserve attention.

Giving credit for R&D

One is S. 2906 just introduced by Senators
Bill Bradley (D., N. J.) and John C. Danforth
(R., Mo.). Called the “Research & Develop-
ment Act of 1980, it would allow a 25% tax
credit for corporate increases in new R&D that
exceed a company’s average outlay for the three
previous years. Originally drafted by an AEA
task force of leaders from 13 member compa-
nies, the Bradley-Danforth bill would adopt the
Financial Accounting Standards Board defini-
tion of R&D long used in industry but would
exempt from credit all R&D contracts and sub-
contracts funded by Federal, state, or local gov-
ernments.

Startup companies would operate on a three-
year base of zero spending in their first year and
could carry forward unused tax credits for seven
years. AEA is driving hard, but prospects for
passage of S. 2906 in the time remaining seem
dim because of its late introduction and the fact
that it lacks counterpart legislation in the

House. Moreover, it may face trouble with its
exclusion of credits for R&D in the social
sciences or the humanities.

Another valuable and equally promising bill
is the “Research Revitalization Act of 1980
introduced as H. R. 6632 by Rep. Charles A.
Vanik (D., Ohio), which already has six co-
sponsors, and as S. 2355 by Sen. Paul E. Tson-
gas (D., Mass.). The Vanik-Tsongas bill would
permit a 25% tax credit for corporate contribu-
tions for research to colleges and universities.
Funds placed in corporate reserves for this pur-
pose would have to be spent within four years or
be subject to a 300% tax—a definite discourage-
ment to tax dodgers. In these bills, AEA sees
three principal benefits: a reorientation of aca-
demic programs and facilities away from “red-
tape-laden Federal sponsorship” toward pro-
grams to assist industrial innovation and pro-
ductivity directly; an urgently needed increase
in the supply of technical graduates; and
approval for groups of companies in one or
several industries to sponsor joint programs.

Stock options and capital gains

The two remaining tax-cut proposals deal
with longer-standing issues and are more finan-
cially oriented. The first is H.R. 5060, the
“Employee’s Incentive Ownership Act” spon-
sored by Rep. James R. Jones (D., Okla.) and
its companion Senate bill, S. 2239, sponsored by
Sen. Bob Packwood (R., Ore.). This bill would
restore the restricted stock option as a means of
employee-incentive compensation. With 23
pledged votes in the House and 9 in the Senate,
it is the most likely to become law this year.

The second bill, S. 2293, sponsored by Sen.
Alan Cranston (D., Cal.), would reduce the
maximum capital gains tax from 28% to 21%—
an action that AEA contends would attract more
risk capital to the capital-hungry electronics
industries. While AEA is convinced that the bill
can pass, the association overlooks the apparent
impossibility of getting similar legislation intro-
duced and passed in the House, where it is
viewed as a bill that would do little more than
help the rich get richer.

Three possible enactments out of four pro-
grams is not bad. The 25% tax credits for new
corporate R&D and academic research grants
may not be the best-known bills now in the
Congressional hopper, but they might just make
it with more widespread support. With today’s
technological competition with Europe and
Japan, they should not be made to wait until
next year. -Ray Connolly
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WE COVER THE BASES IN
HI-PERFORMANCE AM-FM.

Four new additions to Sprague’s IC line-up are ideal
for automotive and home entertainment products.

At First Base: ULN-2240A AM/FM Signal Processing
System features signal level muting and deviation mut-
ing for use in high quality Dolby® receivers.

At Second Base: ULN-2241A AM/FM Signal
Processing System provides excellent performance
while holding down total system cost. All FM/IF functions
and all AM functions are performed by this one-chip
receiver with minimum external parts count.

At Third Base: ULN-2242A Signal Processing Sys-
tem affords level muting, AFC output, and advanced cir-
cuit design without performance trade-offs.

At Home Plate: ULN-2243A Mixer/IF for FM radio
applications, includes AGC detector for MOSFET R-F
stage. It can be used with an inexpensive ceramic filter
coupling and is capable of handling an extremely wide
range of input signal levels.

For detailed information, write to: Technical Literature Service,

Sprague Electric Co., 35 Marshall St., North Adams, Mass. 01247.

For application engineering assistance, write or call Ray Dewey or
Roger Mailloux, Sprague Electric Company, Semiconductor Division,
115 Northeast Cutoff, Worcester, Mass. 01606. Telephone 617/853-5000
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THE BROAD LINE PRODUCER OF ELECTRONIC PARTS
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“When are you going to get yours?”

When are you going to get your very If change is the game, obsolescence is
own, personal subscription to Electronics? the penalty for losing. Obsolescence of products,

It could be very important to you. of technology and, unfortunately, of people. We
And we're not just referring to your status inthe can't change this fact. But we can help you cope
office hierarchy. with it.

You (and we) are in a quick-moving Give us one hour of reading time every

business. News breaks frequently. Change is the two weeks and we will keep you aware of what's
name of the game. Awareness is the way towin.  going on around you and around the changing

You've got to follow what's going on world of electronics technology.
beyond your specialty. Your career may have to Move up. Fill out one of the subscrip-
last longer than your specialty. tion posteards in this issue.

Electronics Magazine.
The one worth paying for.
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Forget tight money. And the
even tighter supply of skilled
engineers and technicians. I
you make electronic equip-
ment, you don't have to divert
precious resources in order
to expand manufacturing.

You can have Grumman
Electronics Center produce
your equipment ... from
blueprint right through final
testing. We're the same
Grumman that produces a
wide range of products
including military and space
systems and equipment. We
can do the same for you—on
time, on spec, on budget. How
do we make sure?

Grumman assigns your
project a dedicated team
headed by a highly qualified
program manager. This

I
CH ree, f

program manager supervises
every phase of your project,
including strict in-process
testing. So there's careful con-
trol and follow-through, from
contract to delivery. And by
having one person to call, you
always know the exact status
of your project.

Some of America's best
known companies use us to
make such products as com-
puter, office, petrochemical,
telecommunications and
medical equipment. Find out
how we can help you. Con-
tact Bruno Caputo, General
Manager of Great River
Operations, Grumman Aero-
space Corporation, PO. Box
608, Great River, NY 11739.

The reliable source ...

GRUMMAN
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spillproof

ASCIl encod

Parallel output from*46.’

Serial output from65.

RCA VP-600 series ASCII keyboards are available in
two formats: 58-key typewriter format for alpha-numeric
entry. Or a 74-key version, featuring typewriter format
plus a 16-key calculator-type keypad. Both can be
ordered with parallel or serial output.

Spillproof keyboards.

These keyboards feature modern flexible membrane
key switches with contact iife rated at greater than 5
million operations. Plus two key rollover circuitry. A finger
positioning overlay combined with light positive activation
key pressure gives good operator “feel,” and an on-board
tone generator gives aural key press feedback.

The unitized keyboard surface is spiliproof and
dustproof. This pius high noise immunity CMOS circuitry
makes these keyboards particularly suited for use in
hostile environments.

All operate from low power 5V DC, excluding
implementation of RS232C.

‘OEM price

Circle 54 on reader service card
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For more information, contact RCA Customer
Service, New Holland Avenue, Lancaster, PA 17604,
Or call our toll-free number: 800-233-0094.

Parallel output keyboard

features:

e 7-bit parallel ASCII
encoded output. Buffered
CMOS and TTL compat-
ible. Drives 2 TTL loads.

e Even parity bit, unbuffered.

e Keydown, keydown,
strobe, strobe handshake
signals.

e Power-on LED indicator.

e 20-pin PC board header
connector.

Serial output keyboard
features:

¢ 3 ASCIl encoded outputs:

EIA RS232C compatible.
20 mA current loop.

TTL.

Switch-selectable data
format.

Six baud rates, switch-
selectable.

Power-on or “prompt” LED
indicator.

25-pin output socket
mates with male “D"” cable
connector.




French electronic
payment cards
to get three-city trial

Siemens to deliver
power MOS FETs with
800-V breakdown voltage

Thin-fiim transistors
radically simplify
matrix displays

Swiss set time
for launching
TV sateliite
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International newsletter

In conjunction with 10 French banks, Cii-Honeywell Bull, Philips Data
Systems France, and the Flonic division of Schlumberger Ltd. will equip
three French cities with experimental off-line payment card systems by
1982. The c11-HB and Philips cards contain 8-bit microprocessors coupled
with 4,096 bits of programmable read-only MOS memory, though both
firms are planning to put a single custom chip on later versions of their
cards; the Schlumberger card is simpler, as it includes several dozen logic
gates rather than a microprocessor [ Electronics, Jan. 17, p. 68]. Although
the banks jointly conducting the experiment have yet to let out contracts,
each manufacturer is expected to provide upwards of 50,000 cards and
100 point-of-sale terminals.

West Germany’s Siemens AG is now starting deliveries of high-voltage
power MOS field-effect transistors with a breakdown voltage of more than
500 v. Designated BUZ 44, the devices feature a turn-on resistance of less
than 1.1 Q. To follow in August is the BUZ 83, also a power MOS FET,
with a breakdown voltage of better than 800 v and a turn-on resistance of
less than 2.6 Q. The two parts belong to a components family that the
Munich-based company announced as Sipmos (for Siemens power MOS)
devices earlier this year [ Electronics, Feb. 18, p. 63, and March 13, p. 92].

Polycrystalline thin-film MOS transistors fabricated on a glass substrate are
expected to decrease the number of pins needed in liquid-crystal and other
matrix displays by as much as 100 times. Furthermore, fabricating the
switching and drive circuits directly on the periphery of the display
eliminates the parallel leads to the pins, enhancing contrast by greatly
reducing crosstalk. In preliminary work, the Central Research Laboratory
of Hitachi Ltd. deposited by molecular-beam epitaxy a 1-mm-thick film of
silicon with crystalline grains about 100 to 200 mm in diameter. Transis-
tors are fabricated using low-temperature chemical vapor deposition of
silicon dioxide for the gate insulator. Channel length (in the direction of
current flow) is 20 mm; channel width is 2 mm. The early devices have an
on-off resistance ratio of 4. When operated with a drain voltage of 30 v
and a gate voltage of 10 v, drain current is 20 mA. The minimum pulse
width is on the order of 200 ns, sufficient for small displays.

In a report to the Swiss government, the country’s postal and telecommu-
nications authority says it is ready to be responsible for constructing and
operating a communications satellite. In outline, the plan resembles the
proposals of Tel-Sat, a private group of publishers and media agencies that
two months ago announced its intention of seeking governmental permis-
sion to run a television satellite service in the frequency band assigned to
Switzerland at the 1977 Geneva Convention. Since then, a government
commission of media experts has ruled that satellite communications
should not be a private interest, and this ruling, together with the report,
seems to have shot down most of Tel-Sat’s hopes, except that it or its
members could eventually be involved in the TV programming.

A favorable decision seems likely by year’s end, and, the satellite could
begin broadcasting in the mid-1980s.
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International newsletter

EC plans to get into  Anxious about the lead opened up by the U. S. and Japan in integrated-
circuit technology and concerned as well about the evolution of advanced
VLS production gear, telecommunications networks among its nine member nations, the Com-
telecomm standards mission of the European Community has blocked out a pair of five-year
action plans that it hopes the EC’s decision-making Council of Ministers
will put into force by the end of the year. The first aims mainly to foster
development of production equipment for submicrometer-feature ICs in
Europe. The commission figures a competitive European industry could do
$1 billion of business over five years in microlithographic and related
machines. The second plan would ensure common standards for truly
international digital telecommunications services. It also calls on the
government-run telecommunications networks to open up 10% of their
equipment procurement to EC-wide competition starting in 1983.

Britain to loosen Legislation about to be introduced by the British government will liberalize
- the telecommunications monopoly of the post office by empowering
post office’s monopoly private companies to compete with it in offering would-be users telephones
of telecommunications and other terminal equipment. Responsibility for supplying the first
telephone and maintaining private automatic branch exchanges will remain
with British Telecom, the post office’s telecommunications wing that itself
may shortly be legislated into independence of the mail services. To
safeguard British companies after a three-year transitional period, import
licenses will require the importer’s home market to be accessible to
British companies —a move that would hit Japanese but not U.S. firms.

In addition, the private sector will be able to provide value-added
network services not currently available from British Telecom, and this
may be extended to complete liberalization of such services as electronic
office facilities. The government is also reviewing the private provision of
telecommunications services such as a satellite business system.

Jerusalem to be site Intel Corp. has selected Jerusalem as the site for its first overseas wafer
of Intel’s first fabri'cation facility. Israelis now expect that a dqal invplvir}g a plant
costing several tens of millions of dollars, with hefty incentives in the form
overseas IC plant of government loans and grants, will be signed by September. Intel already
has an integrated-circuit design center in Israel, at Haifa, and will expand

that as well as part of its upcoming Israeli investment.

Addenda For the first time, Japan’s exports of integrated circuits to the U.S.
exceeded its imports from the U.S. during the first half of this year,
according to statistics just out from the country’s Ministry of Finance.
Compared with the first half of 1979, Japanese exports to the U. S. rose by
160.2% to $175.85 million, while imports from the U. S. about held their
level at $155.12 million.Partly responsible was a great shortage of devices
in the U.S. . . . Gallium-arsenide dual-gate metal-semiconductor field-
effect transistors are now being used in a Japanese ultrahigh-frequency TV
tuner and will probably be used in export sets next year. Use of the new
transistors should enable Matsushita Electrical Industrial Co. to meet the
Federal Communications Commission noise figure regulation scheduled to
go into effect in 1982. The 3SK97 has a noise figure of 1.3 dB and a
typical gain of 17 dB, both measured at | GHz. For the best dual-gate
silicon devices, comparable figures are 3.5 to 4 dB and 12 to 14 dB.
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Meet HP’s new System 45C color graphics
computing center. It plugs intothe
wall--not into another computer.

Engineering Design Scientific Research Complex Data Management Graphics
and Analysis Presentation
Imagine what you could do with a High resolution and 4913 bright, crisp Solving tough problems with an
powerful, easy to use graphics system colors give you a realistic, lifelike outstanding color graphics system,
that sits on your desk and is not display of your design. A light pen up to 449K bytes of user-available
dependent on another computer. A lets you work interactively with read/write memory, and high-
desktop computer that combines color images. performance I/O is a rewarding

outstanding color graphics and the
computational power to handle com-
plex problems. All built into a com-
pact, functionally-integrated unit, and
all under your own individual control.
Based on HP's proven Series 45
desktop computers, System 45C is
much more than a display. It’s a
color graphics processing system with
significant computational abilities.
You get to your solutions
faster through new develop-
ments in graphics
language exten-
sions to BASIC.

experience when it's done the HP
desktop system way — under your
total control, and at your own pace.
To learn more about the graphics
capabilities of HP desktop computers,
and to request literature or a
demonstration of the new
System 45C, please
turn the page.

400 2

HEWLETT
PACKARD

K



Scientists and engineers
computer systems powerful

Why?

The Power of HP Graphics.
Today’s Hewlett-Packard desk-
top systems offer an impres-
sive array of powertful graphics
capabilities to help you analyze
data more thoroughly and solve
complex problems more quickly.
With both full-color and mono-
chromatic displays, and a broad
range of HP input, output and
storage peripherals, it’s easy to
tailor a graphics system to match
your needs. And, you’ll realize
benefits that reach well beyond
the power of display graphics.
HP systems today give you
powerful computing capabilities
with user-available memory

to 449K bytes, high-performance
I/O, data base management
and mass memory options to
120M bytes. Whether you're
computing, optimizing a

design or acquiring data from
instruments, HP graphics
systems put big
computer power
under your
individual control.

An Interactive
System.

Your data can be
entered in a
number of ways.
You can use the
desktop computer’s
interactive key-
board. Or, if you're

working with draw-
ings, photographs, maps and
other graphic material, the HP
Digitizer enables you to transfer
this data to the computer.
System 45C’s Light Pen
provides a natural way to let
you move and construct
objects on the system’s
CRT screen.

Results the Way
You Want Them.
Your HP graphics
system will let you

choose the way you want your
results presented. You can
display your solutions on the
desktop computer’s CRT screen,
and the
image can
be dumped
onto the




find today’s desktop
graphics tools.

desktop’s built-in printer. Your
output can be in the form of color
plots or overhead color trans-
parencies, made by an HP four
color plotter. These can be
useful in group presentations.
Printed results, including letter

quality output, can also be ob-
tained from HP printers. When
your system is assembled to give
you the graphic results you
want, HP’s high-performance
language and industry standard
/O will ensure smooth inter-
action among all the components.

Advanced Graphics Language.

To simplify your development of compu-
tational graphics, we’ve formulated a
graphics language extension of HP En-
hanced BASIC. With up to 70 commands,
our graphics language eliminates numerous
statements and hours of programming, letting
you quickly manipulate monochromatic
and color images from simple charts and
diagrams to complex geometrical figures.

Extended Capabilities.

The power and versatility of your
desktop system can be extended
through two new HP capabilities.
Data Comm allows desktops to
communicate with larger main-
frames in High Speed Asynchron-
ous or Bisynchronous modes.
With this capacity, the desktop
becomes a very powerful and
fully integrated work station in

a large computer system. Techni-
cal Data Base Management
provides HP’s award-winning
IMAGE facilities that let you
access information in the system
without writing applications pro-
grams. DBM also includes a
powertful adaptation of the
QUERY inquiry program.

A Choice — and
Two New Systems.

We build a broad range of desktop
computers, with one just right for your
graphics applications. The new System
45C offers powerful color graphics and
up to 449K bytes of computational power.

(

System 45B provides monochromatic
graphics (including 3-D) and large read/
write memory capacity. The new HP-85 is
a modestly priced professional desktop
computer with integrated graphics, CRT
and printer. All three of these systems can
be used with HP peripherals.

A Growth Path.

As your needs expand,
HP desktop computers
can communicate
with the HP

1000 family of real-
time compu-

ter systems over
data links. For
dedicated

graphics ap-
plications that
require a multi-
user, multi-terminal
system, the HP 1000 Model 45 includes a
graphics terminal and versatile graphics/
1000 software. The multi-programming
power of an HP 1000 can be teamed with
the graphics devices described above,

and can also control up to four full-color
graphics display systems.

For more information. Call 800-821-
3777, extension 303, toll-free day or
night (Alaska and Hawaii included). In
Missouri, call 800-892-7655, extension
303. Or write 3404 E. Harmony Road, Fort
Collins, Colorado 80525.

For a demonstration. 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. e

HEWLETT
PACKARD
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Our solutions test
the componentsofa

gL
7 |

Amidst all the eso- _E)
teric technology and *
impressive specs-
manship being bandied
about, one fact still remains.
Working with LS| components
is a business. A tough, compet-
itive, aggressive business.
Where changes in technology and
market can hit with mind-boggling
speed. And staying ahead is a
constant battle.

That's where we can help. Be-

A

cause by understanding the needs
of engineers while responding to
the harsh realities of business,
we've created a unique family of
test systems. Component testers
that meet more applications and

ging w
-
| = E P

orid.

solve more kinds of
problems than any
sz, Others in our industry.
For general-purpose LS! testing,
Sentry®is the solution. It's the most
widely used family of test systems in
the world. For engineering character-
ization, there's the industry workhorse,
Sentry VII. And for production testing
and incoming inspection, it's Sentry V.
Giving you a jJump on tomorrow’s
high speed microprocessors,
memories and peripheral chips,



there's Sentry Series 20. And for
VLSI devices, there's Sentry VIII.
The world's most powerful tester, it
tests and characterizes devices
with up to 120 pins. Without
compromise!

To unsqueeze profits, Sentinel™
is the solution. Designed specifi-
cally to make high volume, high
throughput production testing
affordable, Sentinel comes with a
surprisingly low hardware cost. It's
software-compatible with Sentry
so it avoids high program develop-
ment costs. It gets on line fast. And
tests a wide variety of devices and
technologies

When you want a better memory,
Xincom is the solution. Based on
distributed architecture, our Xincom
Il series of dedicated memory
testers handles ROMs and PROMs,
as well as dynamic and static
MQOS, bipolar and CCD devices.
The Xincom 5580 tests two dif-
ferent devices that are under the
control of separate programs. And

the 5581 can test up to four 4K, 16K
or 65K multiplexed address RAMs
in parallel.

For today’s high speed memo-
ries, the 5582 runs at an uncom-
promised 25MHz. And for tomor-
row’s bubble memories, the 5585
IS on the job today.

To turn your reams of test data
into action-oriented management
reports, there's Integrator® II. Our
powerful host computer that solves
a variety of test facility manage-
ment problems. It lets you write,
edit and store programs. Synthe-
size and simplify test data. And
communicate with your test sys-
tems around the plant or around
the world.

There’s no end to our support
when you begin testing with our
systems. Nearly 400 Fairchild ATE
specialists worldwide. Over 25 ma-
jor service centers. Intensive train-
ing. Field application engineers.
And service personnel ready to go
to any lengths to keep you running.

<%

These are just some of our solu-
tions. More are being developed
to meet tomorrow's business and
technology needs. To serve en-
gineering. And management. To
help you compete in a rapidly
changing world

Find out how our solutions can
work for you. Call or write Fairchild
Test Systems Group, 1725 Tech-
nology Drive, San Jose, California
95110. (408) 998-0123. From hard-
ware to software to total support
from the factory, a Fairchild test sys-
tem is the most complete solution
you'll find to testing the components
of a changing world

FAIRCHILD

A Schlumberger Company

-
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GO WITH McGRAW-

Join the Electronics and Control Engineers’

club that saves you BIG money on the

ELECTRONICS DESIGNERS’ HAND-
BOOK. Edited by L. J. Giacoletto. 2nd Ed.
2,344 pp., 1,686 illus. Now doubled in size and
with 90% of its material new, this famous classic
(first edition by Landee, Davis, Albrecht) has
been thoroughly revised and updated to give
you not only the how and the why of all your
design work but also the how much of every
design step you take!
231/494 Pub. Pr., $62.50 Club Pr., $46.50
STANDARD HANDBOOK FOR ELEC-
TRICAL ENGINEERS, 11/e. By D. G. Fink
and H. W. Beaty. 448 pp., 1,414 illus. A giant in
every sense of the word, today's most widely
used source of electrical engineering informa-
tion and data serves you as no other single
work available anywhere when you need de-
tailed, accurate, timely, and reliable facts and
how-to on the generation, transmission, dis-
tribution, control, conversion, and application
of electric power.

209 74X Pub. Pr_, $54.50 Club Pr.. $41.95

BE SURE TO CONSIDER THESE IMPORTANT TITLES AS WELL:

DIGITAL FILTERS, By A Antoniou
0211171 Pub. Pr., $26.95 Club Pr., $20.50

HANDBOOK OF ELECTRONIC SYSTEMS
DESIGN. By C A Harper
266 832 Pub. Pr.. $39.50 Club Pr., $29.50

ELECTRONICS DICTIONARY, 4 e. By J Markus
404313 Pub. Pr., $24.50 Club Pr., $19.50

ENGINEERING FUNDAMENTALS FOR PROFES-
SIONAL ENGINEERS' EXAMINATIONS, 2e.
ByL M Polentz
503 80X Pub. Pr., $22.50 Club Pr.,, $16.95

ENGINEERING MATHEMATICS HANDBOOK,
2e.ByJ J Tuma

654,298 Pub. Pr., $24.95 Club Pr., $19.95

RADIO HANDBOOK, 21.e. By W Orr
772/630 Pub. Pr., $21.50 Ciub Pr., $16.60

TRANSFORMER AND INDUCTOR DESIGN
HANDBOOK. By W T McLyman
786755 Pub. Pr., §35.01 Club Pr., §26.50

CRYSTAL OSCILLATOR DESIGN AND TEMPER-
ATURE COMPENSATION. By M E Frerking
784/973 Pub. Pr., $18.95 Club Pr..$14.95

NATIONAL ELECTRICAL CODE HANDBOOK,
16/e. By J F McPartland
456/909 Pub. Pr., $19.95 Club Pr,, $14.50

NOISE REDUCTION TECHNIQUES IN ELEC-
TRONIC SYSTEMS. By H Ott

769'63X Pub. Pr., $27.95 Club Pr., $20.95
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PHASELOCK TECHNIQUES. By F M
Gardner. 2nd Ed., 285 pp.. illus. This edition of
the standard working reference shows you not
only better methods of analysis and better pro-
cedures for deciding on loop parameters, but
also the circuits and the results

582028-3 Pub. Pr., $21.50 Club Pr., $16.95

INTRODUCTION TO THE THEORY AND
DESIGN OF ACTIVE FILTERS. By L P
Huelsman and P. E Allen, 430 pp.. ilus. Once
you add active filter design to your repertory of
specialties, you'll possess a skill that's in great
demand today. Here's one of the best texis we
know on the theory. design. application, and
evaluation of modern active filters and the vari-
ous techniques used today

303/543 Pub. Pr., $25.95 Club Pr.. $19.95

HANDBOOK OF OPERATIONAL
AMPLIFIER CIRCUIT DESIGN. By D. F
Stout. Edited by M. Kaufman. 434 pp., 223
illus. Compact, concise, highly concentrated,
and containing a storehouse of information
this one-stop volume will help you solve any op
amp circuit problem!

617/97X Pub. Pr., $31.50 Club Pr., $20.50

ELECTRONIC DISPLAYS. By E. G Bylan-
der. Texas Instruments Incorporated, 172 pp

ilus. The book describes current electronic
displays by family types. discussing all as-
pects of their operation, application, and cir-
cuit requirements. You cover photometry and
contrast enhancement, together with the fun-
damentals of such critical components as
mounts and drives, interface requirements,
and other necessary engineering information

095/108 Pub. Pr.. $24.50 Club Pr., $18.50

TRANSISTOR CIRCUIT APPROXIMA.
TIONS. By A P. Mawvino, 3rd Ed.. 371 pp
Makes your arrnival at an ideal solution to prob-
lems you encounter in your transistor work
much easier than you ever dreamed. Using the
idealize-and-improve’ approach. the book
shows you how to arrive at a working degree of
accuracy in the shortest length of time
398/78X Pub. Pr.. $15.95 Club Pr.. $11.95

SEMICONDUCTOR DEVICES AND
INTEGRATED ELECTRONICS By A G.
Milnes, 816 pp.. 605 illus. The main secret of
this book’s quick and tremendous success with
engineers is the way its logical grouping and
handling of the material builds and strengthens
your in-depth grasp of the subject, plus s real-
world application of just the right amount of
theory

189 487 Pub. Pr., $26.50 Club Pr., $20.95

BIT-SLICE MICROPROCESSOR
DESIGN. By J. Mick and J. Brick. 320 pp.. 230
dlus Al in one place —the crucial information
you've been needing about the 2900 family of
bit-shce microprocessor components! A
remarkable “first.” this book designs nght
betore your eyes not just one, but two complete
16-bit machines!

417/814 Pub. Pr.. $18.50 Club Pr., $14.50

MICROCOMPUTER INTERFACING. By
B. Artwick 352 pp.. dllus., 7 x 9Va format. Here's
your passkey to trouble-free, low-cost interfac-
ing! The book gives you the data and describes
the techniques you need to conceptualize.
select, mate and match. build. and interface
microcomputer systems —no matter what the
application
189/436

Pub. Pr., $18.95 Club Pr., $14.95
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HILL'S EXPERIENCE!

Book Club —McGraw-Hill’s long-established
important new books of all publishers!

HANDBOOK OF ELECTRONICS CAL-
CULATIONS FOR ENGINEERS AND
TECHNICIANS. Edited by M. Kaufman and
A. H. Seidman. 653 pp., 725 illus. This first
comprehensive tool of its kind includes hun-
dreds of worked-out problems in analog and
digital circuits. Includes more than 700 dia-
grams, curves, tables, and graphs.

333/920  Pub. Pr., $24.50  Club Pr., $18.95

MICROCOMPUTER-BASED DESIGN By
J. B. Peatman. Expanded 4th printing, 604
Pp., over 400 photos and other illustrations Do
all your best day-to-day designs, as well as
your supercreative and special designs,
around the new microcomputers and the spe-
cific "how-to” help you get here!

491/380  Pub.Pr.,$28.95  Club Pr., $20.95

MICROELECTRONICS

Digital and Analog Circuits and
Systems By J. Miliman. 887 pp., 700 illus.
This giant book takes you step by step from a
qualitative knowledge of a semi-conductor, to
an understanding of the operation of devices,
and finally, to an appreciation of how these are
combined to form micro-electronic chips.
423/27X  Pub. Pr.,$28.95  Club Pr., $22.50

ELECTRONIC COMMUNICATION. By
Robert L. Shrader. 4th Ed., 801 pp., 870 illus.
This thoroughly updated edition offers all the
theory and fundamentals you need to prepare
yourself for the FCC commercial and amateur
grade license examinations —and pass them

the first time!
5T1/503 Pub. Pr., $19.50 Club Pr., $15.50

ELECTRONICS ENGINEERING FOR
PROFESSIONAL ENGINEERS' EXAM-
INATIONS. By Charles R. Hafer. 336 pp

iifus. Actually two books in one —a quick prep-
aration manual to help you pass your P.E
exams on the first try and a rich source of prac-
tical electronics engineering information and

know-how.
254/303 Pub. Pr., $19.50 Club Pr., $15.50

INTRODUCTION TO RADAR SYSTEMS,
2/e. By M. |. Skolnik. 698 pp., 244 illus. This
new edition of a widely used text on radar from
the systems engineer’s point of view brings
you full discussions of the many major
changes that have occurred in the field re-

cently.
579/091  Pub. Pr., $34.95  Club Pr., $27.95

MICROPROCESSORS/MICROCOM.
PUTERS/SYSTEM DESIGN. By Texas
Instruments Learning Center and the Engineer-
ing Staff of Texas Instruments Inc. 634 pp.,
illus., outsized 7Va x 10 format. This practical,
authoritative guide details the versatile, proved-
in-action methods and technical features of the
9900 minicomputer architecture that can be
employed to create outstanding products and

systems.
637/58X Pub. Pr., $24.50 Club Pr., $19.50

ELECTRONICS ENGINEER’S HAND-
BOOK. Editor-in-Chief, D. G. Fink. 2,704 pp.,
2,026 illus. Huge in every sense, this instant-
reference volume gives you every latest essen-
tial in the field, 2,100 formulas and equations, a
2,500-item Libliography, and every illustration
you need to clarify all of modern electronics!
209/804  Pub. Pr., $57.50  Club Pr., $40.50

PRINTED CIRCUITS HANDBOOK, 2/e.
By C. F. Coombs, Jr. 256 pp., 327 illus. Blue-
prints every important phase of printed circuitry.
Provides the inforration you need to establish a
production facility and control the processes. A
virtual encyclopedia in the field, five major sec-
tions cover engineering, fabrication, assembly,

soldering, and testing.
126/089 Pub. Pr.,$32.50  Club Pr., $24.50

DESIGN OF SOLID-STATE POWER SUP-
PLIES. By Eugene R Hnatek. 2nd Ed., 640
pp., illus. A total revision and expansion of an
essential, ready-to-use sourcebook on the
design of power supples, particularly of the
switching variety. Incorporates the latest devel-
opments in the field while emphasizing the
practical, how-to help designers want.

582054-4 Pub. Pr., $21.5I Club Pr., $21.50

Why YOU should join now!

® BEST BOOKS IN YOUR FIELD — Books are selected from a wide range of
publishers by expert editors and consultants to give vou continuing access to

the latest books in vour field.

® BIG SAVINGS — Build vour library and save money too! We guarantee sav-
ings of at least 15% off publishers' list prices on everv book. Usually 20%, 25% or

even higher!

publisher’s price of many books.

® BONUS BOOKS — You will immediately begin to participate in our
Bonus Book Plan that allows vou savings between 70-80% ofit the

¢ CONVENIENCE —14 times a yvear vou receive the Club Bulletin FREE, fully
describing the Main Selection and alternate selections, together with a dated
reply card. If vou want the Main Selection, vou simply do nothing — it will be
shipped automatically. If vou want an alternate selection —or no book at
all —vou simply indicate it on the regular reply card and return it by the date
specified. You will have at least 10 days to decide. If, because of late mail
delivery of the Bulletin vou should receive a book vou do not want, just return
it at the Club's expense.

As a member, vou agree only to the purchase of four books (including vour
first selection) over a two-vear period.
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any one

of these great
professional books

values up
to $62.50

Special $1.89 premium
book comes to you
with your first
club selection

r===== MAIL THIS COUPON TODAY =-----~

Electronics and Control Engineers’
Book Club
PO. Box 582, Hightstown, New Jersey 08520

Please enroll me as a member and send me the two hooks
indicated, billing me for my first selection only at the
discounted member's price, plus local tax, postage and
handling. If not satisfied, I may return the books within 10
days and my membership will be canceled. I agree to
purchase a minimumn of 3 additional books during the
next 2 years as outlined under the club plan described in
this ad. Membership in the club is continuous but can-
celable by me at any time after the four book purchase
requirement has been fulfilled

Write Code # of
PREMIUM selection here

Write Code 7 of
FIRST selection here

Orders from outside the U'S. must be prepaid with inter
national money orders in US. dollars

Signature - _
Name S — _

Address -

i
|}

City . S _ -

State __Zip —
This order subject to acceptance by McGraw-Hill. All

prices subject to change without notice. Offer good only

to new members. A postage and handling charge is

added to all shipments E33467
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Beckman breaks the cost barrier

in thin-film networks.

Now you can get the precision perfor-
mance of thin-film networks at the low
cost of metal-films. Our large volume
production and extensive experience
in resistor networks makes this low
cost possible.

Our 14-and 16-pin DIP’s, models
699 and 698, with their close ratio
matching and exceptional temper-
ature tracking. have the high
performance of matched re-
sistor sets, yet the per
resistor price of indi-
vidual discretes.

Using Beckman thin-film resistor
networks results in more savings than
just their direct cost, however. You
also reduce component count, assem-
bly costs and inventory levels.

Finally. thin-film networks can ease
your reliability worries with their long-
term accuracy and temperature stabil-
ity. Whether you’'re using wirewound
or metal-film resistors, Beckman’s

thin-film networks
offer you a supe-
rior alternative.
In both perform-
ance and cost.
Call your local
Beckman repre-
sentative today, or
write: Network
Products Operations,

Beckman Instruments. Inc., 2500
Harbor Blvd., Fullerton, CA 92634.
In Europe write: Beckman Instru-
ments (Belgium) S. A, 14, Avenue
Hamoir, 1180 Bruxelles, Belgium.
Telex: 23577
* Low cost...comparable to metal-
film discrete resistors.
* 1% to 0.1% resistor tolerances
available.
* 0.1% ratio accuracy.
+50 P/10°/°C tempco for improved
environmental stability.
e +5 P/10°/°C tracking.
Saves cost in manufacturing, stock-
ing and inspection.

L
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Electronics internations

Electron beam
harmlessly probes
high-density chips

by John Gosch, Frankfurt bureau manager

Beam diameter could
easily be reduced to
0.1 micrometer to test
1-um-wide features

An electron-beam test system at
Siemens AG’s Components Group is
routinely measuring the voltage
waveforms of large-scale and very
large-scale integrated circuits—a
parameter that till now has been dif-
ficult or even impossible to check.
Intended initially only for in-house
use, the system was developed by the
scanning electron microscopy section
of the Munich company’s central
laboratory. According to industry
sources, both 1BM Corp. and Intel
Corp. are experimenting with similar
systems.

In the new equipment, the elec-
tron beam functions as a test probe.
As such, according to Eckard Wolf-
gang and his section associates, it is
superior to its mechanical counter-
part in conventional IC test systems,
for it constitutes an almost negligible
load and cannot do mechanical dam-
age to the I1C surface. What’s more,
its typically 0.5-micrometer diame-
ter makes the beam valuable for in-
circuit testing, for it is casy to posi-
tion on the 3- to 4-um-wide metal
lines found on today's integrated cir-
cuits. Finally, by scanning the IC
surface and producing a voltage con-

Electrons probe VLSI. When cover (left) is
closed, IC mounted in socket in racquet-
shaped recess encounters electron beam
from gun (not shown) below vacuum cham-
ber. Spectrometer in middle of chamber col-
lects electrons bounced off IC nodes.
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trast pattern on a cathode-ray-tube
screen, it can provide qualitative
information on the electrical states
of large circuit regions.

In contrast, the mechanical probe
is becoming steadily less suitable for
testing increasingly complex and
dense 1Cs during their development,
according to Wolfgang. Its capaci-
tive load of at least | picofarad
introduces errors, prohibits accurate
mcasurement of high-bandwidth sig-
nals, and may even cause circuit
malfunctioning. In addition, posi-
tioning it takes time and may harm
the circuit’s surface.

Moreover, shrinking line widths
and channel lengths will impair the
ability to test an IC through its exter-
nal leads and force morc measure-
ments to be made within the circuit.
“Such measurements are especially

crucial during circuit development to
determine whether and to what
extent electrical functions arc consis-
tent with calculated computer data,”
explains Hans-Peter Feuerbaum, a
member of Wolfgang’s team.

The concept. The basics of clec-
tron-beam testing arc simple. Upon
striking the point of mcasurcment,
gencrally a node, the beam causcs it
to emit secondary clectrons. These
electrons arc collected, and from
their energy the node’s voltage is
determined and displayed in digital
form on a CRT screen with a resolu-
tion of better than 10 millivolts.

The sctup implementing these
principles consists cssentially of an
electron gun and a vacuum chamber
containing a spectrometer and the
circuit under test. The latter fits into
a socket inside the chamber’s cover
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but with its pins outside, so that
operating voltages and clock signals
are easy to apply and there is no
need for the long supply cables that
could cause noise and ringing. The
spectrometer collects the secondary
electrons and determines their ener-
gy and voltage.

Specifications. To perform its job,
the electron-beam probe must meet
certain specifications, Feuerbaum
explains. Its acceleration voltage
must be around 2.5 kilovolts, so as
not to cause radiation damage to the
circuit or charge its oxide layers. In
conjunction with that voltage, the
beam current must be on the order
of 10 to 100 nanoamperes, to keep
the beam diameter to the 0.5 um
suitable for 3- to 4-um-wide lines.
Since circuits with lines 2 um wide
are already in production and 1 um
or so can be expected, the diameter
of the electron-beam probe will have
to be reduced to about 0.1 um. This,
Feuerbaum says, should be possible
with a lanthanum hexaboride or
field-emission electron gun and ap-
propriate values for beam current
and acceleration voltage.

The equipment operates principal-
ly in the sampling mode, which al-
lows voltage waveforms to be ob-
served in the megahertz, and even
gigahertz, ranges. By means of a
blanking system that produces beam
flashes down to a width of 0.3 nano-
second, the beam is pulsed synchro-
nously with the waveform at the
measuring point. The total period of
a waveform is sampled by the tem-
poral shifting of the pulses relative to
the phase of the waveform.

The Siemens equipment should
also be capable of under-the-surface
measurements. In principle this is
possible if the beam’s energy is high
enough to penetrate an overlying
oxide and set up a conductive chan-
nel to the metal line beneath.

Such below-oxide measurements
pose no problems with bipolar cir-
cuits, Feuerbaum says. With MOS
circuits, however, the beam will
cause radiation damage if its elec-
trons enter the gate oxide, so in
them, he cautions, “the electron-
beam technique must be confined to
uncritical circuit regions.”
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Cyclops will equip TV sets to receive
and send color or monochrome graphics

Besides entertaining its owners,
playing games with them, and sup-
plying them when requested with
phone-based or broadcast stockmar-
ket and catalog information, the
domestic television set can now dou-
ble as a blackboard and turn their
living room into a remote classroom.

Currently nearing completion at
Britain’s Open University is the
development of a system called
Cyclops that converts the TV set into
a cassette-driven audiovisual aid
combining sound track and high-
quality color graphics. The size of a
conventional cassette recorder, it
plugs into the antenna terminal of a
standard TV set and uses convention-
al stereocassette tapes prepared at a
computer studio. Then, with the
addition of a light pen and modem,
Cyclops can be used to reproduce on
its TV screen drawings and diagrams
written on another, remote television
screen (see illustration). Adding an

alphanumeric keyboard creates a
complete computer graphics termi-
nal, add developers Mark I’Anson
and David Liddell.

Cyclops was developed on limited
research funds to meet the educa-
tional requirements of the Open
University in Milton Keynes, Bucks.
The university provides degree-level
correspondence courses supported by
off-peak radio and television broad-
casts and also runs a network of 250
regional centers using technical col-
leges and adult educational centers
where evening tutorials are held; stu-
dents and tutor communicate over
the university’s telephone network,
but providing a second telephone line
would make it possible to supple-
ment speech with drawings and dia-
grams.

Industrial. The system’s versatility
has also attracted industrial interest.
A year ago Aregon International
Ltd., the London-based software
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Homework. By plugging Cyclops into a TV set and phone via a modem, student can use light
pen to send sketches to remote professor's TV screen and receive others back.
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an important new tool
for Process Evaluation
featuring: high-speed,
low-level measurements,
powerful data analysis,

and easy programming.
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A Second Generatlon System with Important Features...

The System 3000 offers Design,

Process, and Product Engineers,
as well as management, a major
tool necessary to:

m control fabrication processes

®m improve yields

®m optimize process/product match
m compare fab lines

m develop new processes

®m bring new areas on-line quickly

By utilizing the Accutest System
3000, customers will realize im-
mediate payback both in improved
process technology and in improv-
ed yields.

Circle 67 on reader service card

Flexible — all measurements
at all pins

The System 3000 performs direct
measurement such as capacitance,
thresholds, leakages, breakdowns,
and calculated measurements
such as gain, sheet resistance, ex-
trapolated threshold, body factor,
etc. All measurements are directly
programmable at all pins.

10 to 100 times faster than
other systems

The System 3000’s unique architec-
ture combined with specially
designed measuring modules
results in unmatched measurement
speeds. The system delivers accur-
ate voltage and current measure-
ments in as little as 1ms, and

capacitance measurements in less
then 10ms.

Super-powerful computing
Powerful hardware in an advanced
16-bit, board-level computer fea-
tures up to 248K bytes (124K
words) of memory, floating point
hardware, standard hard disks, a
real time clock, and multiple RS232
ports.

A powerful multi-programming
operating system manages the
operation of testing and data re-
duction programs running in a con-
current mode.

Write for System 5000 Brochure

ACCUTEST

Accutest Corporation 25 Industrial Avenue, Chelmsford, MA. 01824

| Telephone 617-256-8124
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marketing company backed by the
government’s National Enterprise
Board, signed a long-term research
and development contract with the
Open University that gave it manu-
facturing and world marketing
rights to Cyclops. The Open Univer-
sity researchers will also explore the
relationship with viewdata systems,
with which Cyclops is downwardly
compatible (Aregon is marketing the
British Post Office’s Prestel viewda-
ta system internationally).

Also, British Telecom—now be-
ing formed from the British Post
Office—is interested in the use of
Cyclops as an adjunct to its remote
teleconferencing service [Electronics,
May 8, p. 78] and is funding field
trials later this year at several Open
University regional centers.

For the inexperienced. Much of
the group’s effort has gone into
developing studio hardware so that
inexperienced users, knowing noth-
ing about computer technology, can
prepare and edit their own audiovi-
sual presentations. A basic studio,
comprising standard audio recording
equipment, visual display units, a TV
camera, and a digitizer, would cost
in the region of $20,000 to $30,000,
which is very low in comparison with
film and TV studios, according to
I’Anson. In pilot production, the
basic Cyclops terminal, complete
with an integral modem, costs
around $2,000, but in volume I’An-
son believes the price would be half
that. The cost of preparing both pre-
sentations and tape is so low that
Aregon sees a big potential for
Cyclops in industrial training.

Color Cyclops, developed from the
black and white version at the behest
of Aregon, is built around a Motor-
ola 6800 microprocessor controlling
a jumbo-sized page store for color
information and a stereo cassette
deck for graphics data and sound.

Though Cyclops is similar in con-
cept to the graphics capability of
Canada’s Telidon system, I’Anson
says that there are differences, and
his group plans to propose the sys-
tem as a future CCITT graphics cod-
ing viewdata standard.

The system should attain market-
able form within 12 months, but how
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soon it can actually reach the market
will depend on the speed with which
Aregon can put the terminal into
manufacture and on their marketing
strategy. -Kevin Smith

Japan

Current trims, adds to
resistor values on chip

Analog circuits requiring resistors
trimmed to precise values can now
be fabricated completely by semi-
conductor technology, eliminating
the need for mixing the technology
with thin-film laser-trimmed resis-
tors. Researchers at the Musashino
Electric Communication Laboratory
of the Nippon Telegraph and Tele-
phone Public Corp. have trimmed
highly doped polysilicon resistors to
within 0.01% of the desired value
merely by passing a controlled cur-
rent through them. What’s more, if
the resistance is decreased too much,
they can restore up to 90% of its
initial value, also by passing a cur-
rent through the resistors.

With this technology, a 14-bit dig-
ital-to-analog converter has been
fabricated on a chip measuring 1.7
by 3.0 millimeters (67 by 118 mils)
[Electronics, July 3, p.45]. Non-
linearity after trimming is within Y4
least significant bit, indicating that

the technology is sufficient for a 15-
bit device. Also, as trimming is per-
formed after a device is packaged,
the user rather than the device man-
ufacturer can do it, while the risk of
resistance change during packaging
is eliminated.

Staff engineer Kotaro Kato says
that he came up with the highly
doped polysilicon resistors after be-
ing assigned to develop circuits that
could be trimmed without a laser.
Laser-trimmed thin-film resistor
networks are often as large as or
larger than the semiconductor por-
tion of devices because minimum
resistor width is about 50 micromet-
ers. In contrast, the polysilicon resis-
tors are 10 mm wide by about 95
mm long.

With laser-trimmed resistors
problems of stability still remain in
the precision range that Kato aimed
for. Also, methods of routing current
away from areas damaged by laser
trimming, such as opening shunt
paths in resistor networks, further
increase size. An added disadvan-
tage of laser trimming is that the
equipment can cost $1 million.

Kato says that the mechanism of
the new resistor has been studied and
that calculations based on the theory
agree well with practice. The doping
of polycrystalline resistors to be
trimmed must exceed a threshold
value, typically about 10 atoms per
cubic centimeter. Neither the meth-

Laser-free trimming. In this 14-bit digital-to-analog converter, polysilicon resistors in the
emitter circuit of individual current generators for each bit were trimmed electrically.
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Why you should
talk to us the next time
you need an

electromec

You’'ll find us easy to deal with.
We're big enough to supply a broad
selection of general-purpose, power and

miniature relays. But small enough to be ey
really responsive to your technical ques- .
tions. Or to your request for delivery L0 a

information. 3

Quality that meets or exceeds
industry standards. Tight quality
standards begin with our precision
tooling, built to old-world levels
of craftsmanship. Careful,
experienced assembly -
helps, too. The capstone ~ ° ‘
is that we inspect each \
relay on the production

line. And then inspect N
a second time in the qual- )
ity assurance department

to a rigid AQL.

4
The result of our efforts is a
remarkably low failure rate in the field.

Price and delivery that’s more than

competitive. Chances are, we can deliver

relays quicker than you might imagine. We

often let you slice a week or two off the

best delivery you can find elsewhere.
You'll also find us competitive

when it comes to price.

Call or write for more data.To find

g @'\
out more, call Don Barkhurst at 714/540-4190.

Or write American Zettler, Inc., 16881 Hale Avenue,
Irvine, CA 92714.

. &

relay.

Miniature high-current relays.
Large switching capacity
in a small package. With a
typical UL-rating of 10 amps at
240 volts ac, these relays
are ideal for motor control-
lers and similar high-power
applications.
Available in SPDT to
4PDT configurations with
10 to 20-amp contacts. Terminal
options include PC, solder, quick-connect
or octal base.

General-purpose relays. One will fit your
needs exactly. For many applications, you'll find
one of our general-purpose relays will precisely
fill your requirements. You have a wide choice
of contact types, coil voltages and sensitivities,
and terminations.
Sealed versions of these relays stand up to
harsh production processes and withstand severe
environments.

Low-profile relays. Get up to 6-pole switch-
ing. In a package less than %-inch high,
these relays are especially suited for
space-limited applications.
Contact types range
from dry circuit to 5 amps,
SPDT to 6PDT.

SEALPAK™ versions
are immune to contact prob-
lems often caused by wave-

soldering and dip-cleaning
contaminates.

S
@«

@ “It's a better relay”
AMERICAN ZETTLER,INC.
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WHY DESIGN SWITCHING

POWER OUTPUT CIRCUITS WHEN

YOU CAN ORDER THEM TO GO.

UNITRODE POWER HYBRID
CIRCUITS

Unitrode 1980
70

Unitrode has developed a
whole family of standard, high
efficiency power regulator cir-
cuits. In addition to the already
popular PIC600 series, we now
offer the PIC800 and PIC700
series as well.

You can get them right off
the shelfin a hybrid package to
save you the trouble of match-
ing diodes to transistors, bread-
boardingand debu%gingTheyll
solve your RFI problems, too.

And believe it or not, our
circuits cost less than compo-
nents alone.

Our PIC800

switching regu-
lator series is

8AinaTO-66
package. It includes a

- transistor with a
switching time of
u;’) just 400nS,
matched with a
1066 |[|[[T] rectifier with a reverse

recovery time of less

than 50nS. And you have a
choice of positive or negative
outputs.

Then there's the PIC700 30A
series for buck and flyback type
circuits. Up to 40V in a TO-3

package. Designed with a
Schottky rectifier for a forward
voltage drop of just .6V, and a
matched transistor with a
reverse recovery time of just
350nS.

It all means that for the first
time, you can use hybrids right
off the shelf for a whole range
of circuit configurations. An
you'llsave money in the bargain.

Just call your nearest repre-
sentative or distributor listed
next to this ad.

Unitrode Corporation,

5 Forbes Rd,, Lexington, MA
02173, USA. Telex 95-1064,
TWX 710-326-6509.

)
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Unitrode Representatives:

AL: Conley & Assoc., Inc. 205-882-0316 AZ: Fred Board
Assoc,, Inc. 602-994-9388 CA: 12 Inc. 408-988-3400,
Great American Rep Company 714-832-8113, Great
American Rep Company 213-990-4870, SR Electronics
(San Diego) 714-560-8330 CO: Component Sales, Inc.
303-759-1666 CT:Kanan Assoc. 203-743-1812 FL: Conley
& Assoc, Inc. (Oviedo) 305-365-3283, Conley & Assoc.,
Inc. (Boca Raton) 305-395-6108, Conley & Assoc., Inc.
813-885-7658 GA: Conley & Assoc., Inc. 404-447-6992
IL: Carison Electronic Sales Co. 312-956-8240 IN: Carlson
Electronic Sales Co. 317-842-3740 |A: Carlson Electronic
Sales Co. 319-377-6341 KS: Rush & West Assoc.
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MA: Kanan Assoc. 617-944-8484 MI: Miltimore Sales, Inc.
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201-492-1050 NM: Reptronix, Ltd. 505-881-8001
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Unitrode Distributors:
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408-727-2500, Kierulff Electronics 415-968-6292,
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od of doping nor the dopant is
important —arsenic, phosphorus, and
boron have all been used successful-
ly. Trimming current must also
exceed a threshold value, typically
10 amperes per square centimeter.
Current is normally pulsed, but for
time periods in excess of milliseconds
the precise time is not critical
because the resistance value soon
reaches an equilibrium.

What happens. In highly doped
polycrystalline silicon the resistivity
is very low within individual grains
but is high at the interfaces between
grains. High-density currents
through the resistors cause localized
heating and melting at the grain bor-
ders, segregating the dopants into
the molten regions (as in zone refin-
ing) and thus decreasing the resistiv-
ity in these regions. Time is not
important because the process is
self-limiting—the segregation of the
impurities prevents further heating
and the process saturates.

If a current somewhat lower than
that used for trimming is passed
through the same resistor, tempera-
ture at the grain boundaries rises to
a slightly lower level than previously
and causes diffusion of impurities
out of the grain boundary region.
Although restoration of trimmed
resistance can repair errors in pro-
cessing, it has an even more impor-
tant function: if resistors are
trimmed to slightly below their
desired end point and then restored
to the desired value, they are stabil-
ized against change from exposure to
high temperatures. -Charles Cohen

Earth station can
sit in the window

Innovative antennas being developed
by two companies, one in Japan and
the other in the U. S., presage a new
international market in satellite
earth stations for the home and
office. Key to both developments is
the technique of constructing the
dish itself out of inexpensive metal-
coated glass-fiber-reinforced plastic.

With an eye primarily to institu-
tional use, the Yokosuka Electrical

Communication Laboratory of the
Nippon Telegraph and Telephone
Public Corp. designed its small off-
set parabolic antenna, complete with
built-in receiver, for satellite data
communications. Researchers there
have successfully transmitted data
simultaneously to a number of these
stations from a data center in Yo-
kosuka via Japan’s experimental sta-
tionary-orbit communications satel-
lite. Each station decodes only that
portion of a transmission addressed
to it.

In the test, the signals were trans-
mitted at 64 kilobits per second and
were used to set up 11 separate cir-
cuits of 4.8-kb/s facsimile. The
antenna’s gain is 26.3 decibels.

Window seat. The 90-kilogram
unit is only 70 centimeters wide by
98 cm deep and 126 cm high. With a
60-cm effective aperture, it is small
enough for use indoors behind a win-
dow that has a view of a satellite.
Yet it is sturdy enough in construc-
tion for use outdoors.

So far, only a technical feasibility
study has been made and there are
no plans to put the equipment into
production. But the company esti-
mates that the system could be pro-
duced for $1,000 to $2,000 depend-
ing on volume.

Meanwhile, in the U. S., Gardiner
Communications, a Burnup and
Sims Inc. subsidiary located in
Houston, Texas, expects its 5.6-
meter-diameter glass-fiber panel an-
tenna to have a big impact on the
market in satellite Tv-signal recep-
tion. According to president Clifford
T. Gardiner, the unit is especially
good for fringe reception areas.

The design of the antenna feed
horn and the precision tolerances
obtained with the glass-fiber con-
struction give Gardiner’s system a
gain of 46 dB at a price of under
$10,000. Other units with the same
gain sell for nearly twice as much,
and “similarly priced antennas have
43.5- and 44-dB gains,” Gardiner
notes.

Like the Japanese system, the
panel antenna is designed for a stan-
dard 6-gigahertz up link and a

4-GHz down link. -Charles Cohen
and Harvey J. Hindin
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Inside the news

'

VLSI pushes super-CAD techniques

Computer-assisted design development is led by universities
and computer makers as true design automation is still sought

by Martin Marshall, West Coast Computers & Instruments Editor, and Larry Waller, Los Angeles bureau manager

Like the miller maid in the fairy tale
“Rumpelstiltskin,” the designer of
very large-scale integrated circuits
may see his task as one of spinning
mountains of straw into gold over-
night. The complexity of designing
chips containing 100,000 transistors

Electronics/July 31, 1980

is just plain intimidating; with pre-
sent design tools it is impossibly
slow. As William Lattin of Intel
Corp.’s computer-assisted design
group defines the problem: “With
present design methods, a 100,000-
transistor MOS chip will take 60

man-years to lay out and another 60
to debug.”

For most semiconductor manufac-
turers, a time of wrenching change
in integrated-circuit design method-
ology is about to dawn—but not
without some resistance. After all,
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the process has functioned for years
without much change, until it
became tedious and painstaking at
the LSI stage.

Even today, a typical procedure at
a major semiconductor house con-
sists of the so-called paper doll
approach: the topology of a chip is
created by manually drawing shapes,
polygon by polygon, on layers of
Mylar. That layout must then be
digitized, point by point, and entered
into memory before a designer can
use the power of the computer to
perform elemental tasks such as
design-rule or interconnection check-
ing, logic or circuit simulation, or
other necessities.

Building cells. This methodology is
being attacked, from top to bottom,
and being replaced with artwork
techniques based totally on cathode-
ray-tube displays and by an explo-
sive growth in the power of programs
used in all stages of the design pro-
cess. Symbolic approaches have
reached very high levels of design, as
have the “cells” stored in computer
memory, which can be recalled and
used like cookie cutters to build up
larger arrays. The entire process of
chip composition, in fact, is being

|

methodically automated to the point
where, as VLSI pioneer Carver Mead
of Caltech—the California Institute
of Technology in Pasadena — puts it:
“People will be able to complete
microprocessor designs as fast as
they can define the properties of the
microprocessor.”

It may take several years or longer
for such a dream computer-aided
design system to reach the market-
place as a commercial product, but
the universities and advanced com-
puter manufacturers are not waiting
for commercial CAD firms such as
Calma of Sunnyvale, Calif.,, and
Applicon Inc. of Burlington, Mass.
They are building those systems in
house now. The systems are based
upon fundamentally new concepts,
such as “stretchable cells,” “spacing
synthesis,” a new form of transfer
functions, and hierarchical, iterative
simulation processes for both logic
and timing,.

But what is possibly most impor-
tant, the various software pieces of
the CAD puzzle—usually incompati-
ble programs written at different
universities in different languages
running on the different operating
systems of different computers—are
being knitted together into cohesive
operational programs drawing upon
unified data bases.

o

SIDS. Inspired by Rockwell's symbolic approach, SIDS {symbolic interactive drawing system)
from AMI elevated it from batch processing to on-line, interactive design.
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This unification movement has its
roots in CAD development projects at
major universities that are in turn
generously subsidized by the com-
puter and semiconductor industries.
The first appearance of a symbolic
approach to CAD, however, is trace-
able to the Microelectronic Devices
operation of Rockwell International
Corp. in Anaheim, Calif. Spurred in
the late 1960s to break a production
bottleneck, Rockwell began evolving
a gridded CRrT-based formula for
describing logic. American Micro-
systems Inc. of Santa Clara, Calif.,
advanced the batch-processing tech-
nique a step further to on-line inter-
active design with SIDS, for symbolic
interactive drawing system.

At Rockwell, the group still uses
Mylar to lay out a device. However,
once the device design is digitized
and entered into a computer, the sys-
tem’s program abstracts the polygon
level one step up into a matrix repre-
sentation.

Using Sticks. The next step up is
the Sticks level, the brainchild of
John Williams, who developed the
idea from his master’s thesis at the
Massachusetts Institute of Technolo-
gy, Cambridge, into a working tool
at Hewlett-Packard Co. [Electronics,
April 10, p. 40]. Sticks is a totally
CRT-based method in which the
designer can use a light pen to draw
representations at the schematic lev-
el on the CRT. Each of the elements
drawn must correspond to a multi-
level polygon representation stored
in the computer, but as that library
becomes established, the designer
becomes free to work at the sche-
matic level.

Perhaps more important than the
higher level of symbology, Sticks
introduced the concept of spacing
synthesis. The Sticks system does not
display a grid, as does the Rockwell
system, because the actual spacing
between the elements in the sche-
matic is performed by the Sticks
program. That program, in fact,
shrinks the design down along the X
and Y axes until it has the minimum
spacing allowed by the design rules.
One very important aspect of this
process is that it makes the circuit
representation independent of the
design rule; going from n-channel
MOS to Intel’s high-performance
HMOS 11, for example, becomes a
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simple matter of recompilation using
new design rules.

Beyond Sticks is a concept called
bristle blocks [Electronics, Jan. 3,
p. 40] developed by David Johann-
son at Caltech. This program treats
giant lumps of circuitry (the blocks)
as single rectangular entities with
well-specified interconnections at
their boundaries (the bristles). When
two such bristle blocks are set
together, the combined cell should
meet all the criteria of stimulation,
continuity, and design-rule checking
that had been verified in the original
blocks.

“The bristle blocks are an exam-
ple of what we call correctness by
construction methods,” notes Cal-
tech’s Mead. “It includes a great
deal of semantic processing that
transforms the functional description
of the instruction set into a layout
that creates new cells. The idea is
that if you build the little pieces
correctly and put them together cor-
rectly, then the chip-composition
process will yield a larger block that
has certain freedoms. These include
freedom from race conditions, free-
dom from logic level mismatches,
and freedom from polarity problems,
among others.”

Stretchable cells. A great aid to
the orderly chip-composition process
that Mead describes is the concept of
stretchable cells. Stretching a cell
under program control in order to
make its interconnections match
those of a neighboring cell may
cause a slightly larger cell, but the
loss in cell density is more than com-
pensated for by the elimination of
wire-routing real estate. “These chip
composition techniques give the de-
signer seven-league boots to work
in,” asserts Mead. “Already, we can
do in a couple of days what used to
take tens of man-years.”

Mead notes that bristle blocks and
the stretchable-cell concept are only
two results of a number of projects
under way in the Silicon Structures
program at Caltech. The most recent
products of the project, which is
jointly funded by HP, Digital Equip-
ment Corp., Burroughs, Intel, 1BM,
Honeywell, and Xerox, include a
hierarchical design approach based
upon leaf-cell (a coined term for the
lowest common denominator in a
circuit) functions [Electronics, June
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Sticks. First developed at Hewlett-Packard and now working at Calma, Sticks provides
spacing synthesis and schematic-level design. It is based totally on CRT and light pen.

19, p. 56] and a Sticks-like program
called REST (Ricky’s editor for
Sticks) that can both stretch and
contract. “The REST program has
the hooks in it to become the bottom
end of our silicon compilation pro-
gram,” notes Mead.

Polycells. Before Caltech’s chip-
composition techniques, there was
the polycell approach taken by Bell
Laboratories in Murray Hill, N. J.
Instead of Mead’s symbolic layout —
which Bell Labs is also pursuing—
polycell relies upon a library of cells
having the same height. The width
varies according to cell content, but
the uniform height allows the speci-
fication of uniform interconnection
points and functions along the verti-
cal walls of the cells. Thus, when the
standard cells are laid side by side,
they can be routed automatically
using LTX algorithms (see “A glossa-
ry of CAD terms,” p. 79). ““A second
advantage of polycells is that the
logic of the interconnected cells can
be verified,” notes Robert C. Fletch-
er, the executive director of the labs’
Integrated Circuit Development di-
vision.

Bell uses the polycell approach on
its LTX automatic LSI layout system.
So far, one of the system’s largest
chips has been an echo canceler
using 34,000 transistors. “The de-
sign used approximately 100 differ-
ent cells,” notes Fletcher. He sees

such a layout system going on to
design hybrid chips like codecs and
delta-sigma digital filters.

The futuristic methods described
so far can be generically labeled as
chip-composition strategies, but a
group in Livermore, Calif., has
shown that decomposition can work,
too. The basic idea, according to L.
Curtis Widdoes and Tom McWil-
liams of the S-1 project at the Law-
rence Livermore Laboratory, is to
address the design of a giant com-
puter system at the highest level.

That basic functional description
is then broken down, in successive
hierarchies, so that each functional
block in the highest-level diagram is
divided into subfunctional blocks on
the next lower level in the hierarchy.
Eventually, the functional descrip-
tion reaches the level of a recogniz-
able cell or points to a new kind of
cell that needs to be created.

The basic idea is simple, but what
makes it work is the Scald (struc-
tured computer-aided logic design)
program, which provides for func-
tional, logic, and even timing simula-
tion routines on each level of the
hierarchy. “In this method, parti-
tioning is the design process,”
reports Widdoes. “The way that the
functional blocks are specified in-
cludes, for example, timing informa-
tion, so that you can run timing
checks at a very high level. On the
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surface, this may seem like a straight
top-down method, but in practice the
designer is often steering his higher-
level descriptions in the direction of
known lower-level blocks, then
jumping down to work on a new
lower-level block or someplace in the
middle of the hierarchy. The beauty
of this approach is that it allows
simulation on many levels and before
the design is completely defined.”
Scald was created to help design a
computer, the S-1 Mark [, which has
computing power in a league with
the giant Control Data 7600. Wid-
does points out that though the
design time was estimated at about
100 man-years, Scald enabled his
group to complete the Mark I design
in 2 man-years. (Control Data Corp.
has since developed an automated
gate-array approach, available on
the Cybernet service, with which it
cut a computer’s design cycle to 120
days.) Currently, Scald can take a
design from basic architectural defi-
nition into a wire-wrapped board-
based system. However, a variation
of Scald intended for VvLSI design is
already being developed under the
tutelage of Forrest Baskett at Stan-

ford University in Palo Alto, Calif.
“Widdoes and McWilliams are he-
roes,” claims Baskett. “They not
only had the audacity to attack
design at the highest level, but they
also had the tenacity to work
through the sticky detail required in
the timing-verification program.”

The Scald package consists of a
graphics editor (SUDS, for Stanford
University drawing system), which
allows the designer to create draw-
ings on the CRT; a macro-expander,
which compiles the drawings; a
packager, which embeds them in a
physical package; and a timing veri-
fier. The macro-expander, since it
expands the design to smaller cir-
cuits by iteratively substituting the
appropriate macrodefinition for each
macrobody in the drawings, is the
program’s key to hierarchy. The tim-
ing verifier does a complete, state-
independent verification of all timing
constraints in any synchronous digi-
tal design, including an incomplete
design.

Pegasus to fly. The implementa-
tion of the Scald program at Stan-
ford —with a new module that aims
it toward chip design—is only part
of Baskett’s work on a larger chip-
composition process that he dubs
Pegasus, after the mythical flying

Japanese believed to be ahead

It is difficult to tell where Japanese firms stand with computer-aided design
because of its critical role in highly proprietary pians for very large-scale
integrated circuits. Semiconductor houses, for instance, mostly do not
disclose what they are doing and computer heavyweight Fujitsu Ltd. will not
discuss CAD. But CAD experts believe Japanese firms overall lead U. S.
counterparts in two key phases: symbolic design of chips, where software
programs that generate layouts replace manual drawing and digitizing; and
greater use of large computers to run CAD design, simulation, and checking
software, rather than the minicomputers largely employed in the U. S.

Generally, CAD now in operation resembles the U.S. mixed bag of
commercial equipment and improvements of both in-house software and
programs turned out by American universities. At Nippon Electric Co.,
new-process simulation is done by its own program and Stanford’s Suprem.
Circuit simulation is by in-house software and Spice from the University of
California at Berkeley. NEC also has a program to perform logic checking
from a layout, both drawing and comparing it with a simutated circuit, says
Tadashi Nishide, supervisor of the IC division's CAD department.

Hitachi Ltd., on the other hand, uses improved versions of commercial
units from Calma of Sunnyvale, Calif., and Applicon Inc. of Burlington, Mass.,
with throughput stepped up with parallel Hitachi M-180 computers (equiva-
lent to IBM 370-68s). According to Akira Osawa, manager of the software
engineering center at the Musashi works, CAD processes at Hitachi include
circuit, logic, and fault simulation; generation of art from digitized output; and
checking of art and topology. But plotter outputs are gone over by hand
before undergoing automated checkout, he says, pointing up the continuing
importance of the human role in Japanese CAD. -Charles Cohen
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VMD. Vector memory display from Catma
provides panning and zooming on both sides
of a split-screen display. This gives the
designer both a global and a local view.

horse. It is two or three years from
completion, but in its final form it
will contain parallel layout and
logic-design paths that are joined by
a circuit extractor routine that gen-
erates an interconnection list.

The logic-design portion begins
with an interactive drawing system,
which creates a file used by the
Scald design program. Scald then
creates a logic-design file that under-
goes functional simulation checking.
The result is combined with the
interconnection list information and
verified for circuit equivalence and
wiring delays. Having achieved the
layout level, this file is given to the
last level of the Scald timing-verifi-
cation program and goes in turn to
pattern generation for mask making.

The layout scheme in Pegasus
feeds layout instructions for the pro-
grammable logic array into I[carus,
an interactive layout editor devel-
oped by Xerox. Icarus turns the
edited layout into CIF—for Caltech
intermediate form—for a circuit
extractor routine designed by Clark
Baker at MIT, which in turn gener-
ates the interconnection list. The
interconnection list then passes
through switch-level simulation be-
fore being combined with the logic-
design file. “What we’re trying to
achieve with this system is a good
human interface and high system
speed,” notes Baskett. “I think that
is more important than extreme
functionality.” Baskett’s contribu-
tion to the scheme is the interfacing
of the program modules, and the
develoment of the circuit-equiva-
lence verification program.

More recently, efforts at Stanford
have been focused upon creation of

Electronics/July 31, 1980



an Ethernet-based low-cost work
station for CAD. Dubbed SUN, for
Stanford University network termi-
nal, the terminal can provide eight
high-resolution channels (1,280 by
819 pixels) or 32 medium-resolution
channels (640 by 409 pixels). They
are expected to cost as little as
$1,000 each in a 16-terminal system.

Scheme-79. The circuit (or node)
extraction program used in Pegasus
also forms part of a chip-composi-
tion scheme at MIT. As MIT’s Jona-
than Allen, a professor of electrical
engineering and computer science,
describes it, the system allows a
designer to request the generation of
a programmable logic array (by sup-
plying Boolean equations that de-
scribe the PLA), then query the sys-
tem about the silicon area the design
will occupy. One can change the
design’s aspect ratio; check its speed,
power dissipation, and connectivity;
and flag semantic errors.

So far, Allen’s system has de-
signed a 10,000-transistor single-
chip microcomputer, dubbed
Scheme-79. The chip, which inter-
prets a version of the LISP computer
language, was designed in one month
by researchers at MIT’s Artificial
Intelligence Laboratory in what Al-
len terms a ‘“heroic” effort. Like
Stanford, MIT is developing its own
1C-fabrication facility.

Spice and Splice. While several
universities have concentrated on the
chip-composition process, none has
been as prolific in generating simula-
tion and verification tools as the
University of California at Berkeley.
“We have what we call the toolbox
approach to CAD,” observes Berke-
ley’s Richard Newton. “We realize
that the term ‘design automation’ is
still a misnomer at this point. The
best we can do is to construct these
design aids and slowly build a tool-
box of useful programs.”

Berkeley’s most used tool to date
is Spice (simulation program with 1C
emphasis), which emulates a chip’s
circuitry at the layout level. Spice
has been distributed to more than
2,000 installations so far, and Berke-
ley computers alone accessed the
program over 60,000 times last year.
Spice, in fact, has entered its second
generation, a portion of which New-
ton developed.

Newton’s larger contribution,
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Structured cell-based symbolic strategy

Besides the device simulation and various layout and checking routines,
Hewlett-Packard Co. has also tried to maximize the designer’s effort with a
chip-synthesis tool dubbed the structured cell-based symbolic strategy. This
strategy relies heavily upon the development of standard cells, which are
interconnected automatically when they abut. Though the cells HP currently
uses are fixed in size, the incorporation of stretching algorithms into the
program is under way.

To optimize the designer's participation in the chip-composition process,
moreover, the HP system displays high-level symbolic representations on its
color-CRT-based system without the clutter of a great deal of lower-level
information. *The more concise the information that we display to the
designer, the better will be his optimization of design at the higher levels,”
notes Merrill W. Brooksby, manager of corporate design aids. In this repre-
sentation, for example, a complex, multilevel object such as a large gate is
described with a single-level symbol. The strategy also calis for small
increases in the amount of material displayed, such as the use of labels,
which greatly increases the intelligibility of the information presented.

In successive representations, the lowest level of design, the layout poly-
gons (a), can be represented as a Sticks diagram (b) composed of positive
and negative transistors. This diagram, in turn, can be represented in
schematic fashion (c) or as a labeled gate (d). At the gate level, only the
labeled interconnections and functional description of the gate need be
represented, so that the designer can focus upon a much broader scope in
the design. ‘‘In this case interconnection is the primary consideration, not the
size of the cell,”” Brooksby says. There are two techniques that can help this
process. One is keeping bus lines straight through the chip, even at a slight
expense in area, because the regularity is likely to reduce the overall area. A
second technique is that of running various interconnection lines through the
cells themselves to connect nonadjacent cells. -M.M.and L. W.
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however, has been as the author of
Splice (simulation program with
large-scale 1C emphasis), a hybrid
(logic and circuit) emulation pro-
gram that runs approximately 100
times faster than Spice. It gains its
speed advantage by emulating only
the portions of a circuit that are
showing activity. Newton is current-
ly revising Splice into a commercial-
ly usable product that should be
available by the end of summer.

Another simulation tool in devel-
opment at Berkeley is a method of
mixing simulation among different
levels of hierarchy. Notes Berkeley’s
David Patterson: “We are determin-
ing whether it is possible to get just
as good a simulation as Spice while
mixing simulation at the circuit level
with simulation at the register-trans-
fer level. The basic idea is to inter-
face simulations at the polygon,
transistor, gate, block, register,
adder, and processor levels. This
work should reduce the computer
time required for a simulation by a
factor of 10 to 100.”

Patterson’s simulation cannot be
carried out, however, using CIF as a
language because CiF has no provi-
sions for simulation at the higher
levels of abstraction. CIF has been
proposed as the standard layout lan-
guage because many of the universi-
ties are using it as the final expres-
sion of layout, which can then be
taken automatically to pattern gen-
eration.

The structured interchange for-
mat (STIF) developed by Berkeley’s
Carlos Sequin does have these high-
er-level simulation properties, how-
ever. STIF provides the language in
which Patterson’s simulations can
describe the parameters surrounding
a block to be simulated. Using this
process, a designer can construct cir-
cuitry down to a minute level in one
area of a chip and then run a simula-
tion of the chip while major portions
of the circuitry are still only broadly
defined.

Greater computing power. These
efforts to cut down the computing
time involved in simulation are well-
founded, because, by all accounts,
the computing power of a CAD sys-

tem is a major limiting factor in the
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designs that these systems can cre-
ate. For example, the verification of
masks for Texas Instruments’ 64-K
dynamic random-access memory
took 56 hours on an 1BM 3033 using
12 megabytes of memory.

Allen of MIT and Newton of
Berkeley see special-purpose com-
puting hardware being developed to
act as coprocessors for the CAD sys-
tem’s general-purpose computer. “I
would expect to see something like a
hundredfold speedup in checking
topology, for example, with the use
of specialized hardware,” predicts
Allen.

Lack of computing power, in fact,
is one of the most often-heard criti-
cisms of commercial CAD equipment
on the market. “We are not in the
business of simulation,” responds
Calma’s Ben Lee. “Besides, if some-
body wanted to run extensive calcu-
lations, our system can off-load its
data into a larger computer.”

HP’s grand scheme. Still, some
computer companies —notably Hew-
lett-Packard, DEC, and 1BM—have
decided not to wait for usable com-
mercial CAD systems to appear. HP,
for example, has had its own CAD
program since 1975 and is heavily
engaged in combining synthesis and
verfication techniques into a single,
unified data base. “We found that
we couldn’t buy what we needed, so
we set out to build our own,” recalls
Merrill W. Brooksby, HP’s manager
of corporate design aids.

As he saw it, commercial systems
provided computer-aided artwork for
the implementation stage of design,
but programs for the definition of
ICs and for their evaluation were vir-
tually nonexistent. He places system
design and functional simulation in
the definition stage. The implemen-
tation stage includes artwork, de-
sign-rule checking, and mask modifi-
cation. After these stages come the
evaluation tools—test vector genera-
tors—and the documentation pro-
grams.

Currently, HP is working on a uni-
fied process that provides for three
levels of interactive editing, includ-
ing programs for the text level, the
schematic level, and the artwork lev-
el. In this grand scheme the data
bases describing a VLSI chip’s sche-
matic, functional behavior, electrical
performance, and actual geometries

are coresident and accessible to the
operational programs.

The operational programs include
a process simulation routine (Su-
prem), a device-parameter simula-
tion routine (Tecap), circuit-model-
ing routines (MGP, Smosi), and cir-
cuit timing simulation routines
(Spice, Motisc). When a device has
passed these design stages, it is ready
for system design. The library cells
are built up to logical and functional
blocks that undergo functional simu-
lation and testing (IFS). Next, the
composite is put into artwork and
verified using design-rule checking
and mask modification. The result-
ing artwork is then translated by a
mask-generation routine (Smash)
that produces the patterns necessary
to fabricate the actual masks.

Brooksby hastens to add that not
only are the operational programs in
varying stages of refinement, but
also new, synthesis-oriented blocks
are still being added to the system
description. In particular, the pro-
cess could take on higher-level func-
tional simulation, such as the de-
scendants of Scald and Pegasus.

The procegs could also be ex-
panded to include automatic place-
ment and routing such as that
advanced by Bell Labs, RCA, CDC,
and 1BM, but Brooksby is not leaning
that way. “Those programs waste
too much area in interconnection,”
he asserts. “If you cannot look at a
piece of silicon and see that at least
80% of its real estate has been uti-
lized, then there is something ineffi-
cient in the way that chip was devel-
oped. Those techniques sacrifice
both performance and density.”

Instead, he looks toward HP’s
structured cell-based symbolic strat-
egy, developed by Kent Hardage of
the Colorado Springs (Colo.) divi-
sion. Unlike Bell’s polycell approach,
this one seeks to regularize cells by
placing data buses vertically and
control lines horizontally on stan-
dard—soon to be stretchable—cells
(see “Structured cell-based symbolic
strategy,” p.77). “This strategy
speeds up development time by an
order of magnitude or better without
losing performance on the chip,”
Brooksby claims. As an example, he
cites a chip containing over 3,000
gates that HP designed in four weeks.

An integrated VLSI design system
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A glossary of CAD terms

Bristle blocks: a chip-composition program that com-
bines blocks of circuitry with such attention to intercon-
nections that the combined cell automatically meets the
same verification criteria passed by the individual cells
(California Institute of Technology).

Cabbage: computer-aided building block generator, a
Sticks-like compaction program that iterates X and Y
compactions (University of California at Berkeley).
Calmos: computer-aided layout for MOS, an automatic
placement and routing routine for a standard cell strategy
(Catholic University of Louvain, Belgium).

CIF: Caltech intermediate form, a machine-readable lan-
guage used to describe polygon-level layout features for
mask-generation equipment (Caltech).

Diana: a mixed-mode simulation routine similar to Splice
(Catholic University of Louvain).

EDS: engineering design system (IBM).

Icarus: IC artwork utility system, interactive graphic soft-
ware using a grid display at the polygon level (Xerox
Corp.).

Ice cubes: a chip-composition strategy that freezes a
cell's design inside a design-rule dimension while leaving
the cell edge eligible for modification.

Ideas: an interactive graphics design subsystem that con-
verts a logic schematic in the SUDS data base to a
physical gate-array chip layout (Digital Equipment Corp.).
IFS: interactive functional simulator, a functional simula-
tion routine that can operate at the gate level or higher
(Hewlett-Packard Co.).

ISP: instruction set process, a higher-level language used
for functional description in Carnegie-Mellon University's
design-automation system.

IV: interconnect verifier, software that compares a SUDS
wire list with a wire list drawn from a tape generated by the
pattern generator (DEC).

LTX: LSL to X-Y mask, a system that translates a circuit
description written in Bell Labs' LSL (logic simulation
language) into the X-Y coordinates of a mask design
expressed in another Bell language, X-Y mask.

MGP: modified Gummel-Poon, a circuit-modeling program
that calculates the beta factors of a circuit’s transistors,
using Tecap's parameters (Bell Laboratories).

Motisc: MOS field-effect transistor timing simulation pro-
gram, a Spice-like routine that has been trimmed down. |t
sacrifices some accuracy and flexibility to run an order of
magnitude faster than Spice (Berkeley, Bell Labs).

MP2D: multiport two-dimensionai routine, an autorouting
program similar to that used for polycells (RCA Corp.).
M-SINC: MOS simulator for integrated nonlinear circuits, a
circuit simulator similar to Spice, but with some modeling
capability (Stanford University).

Oliver: a verification program that analyzes the data base
from which the mask-generation tape is derived (1:1 with
the tape itself) by running a series of checks of the inter-
and intra-mask design rules (DEC).

Pegasus: a chip-composition scheme incorporating the
work of several universities (Stanford).

PG: pattern generator, a program that uses the data base
from ldeas to generate the instruction tape for an auto-
mated mask generator (DEC).

Polycell: a chip-synthesis approach that uses auto-
routing and abutment to combine cells of uniform height
(Bell Labs).

REST: Ricky's editor for Sticks, a Sticks-like graphics

editing program that can stretch cells as well as compact
them (Caltech).

Sage: a logic simulation program that verifies the gate-
level implementation of an IC design created using SUDS.
It dynamically surveys all networks for proper dc loading,
pull-up and pull-down, and for illegal combinations of
input and output connections (DEC).

Scald: structured computer-aided logic design, a design
methodology supported by a simulation program that
provides for functional, logic, and timing simulation rou-
tines on each level of hierarchy (S-1 project, Lawrence
Livermore Laboratory).

Sedan/Tandem: one-dimensional semiconductor device
analysis/two-dimensional analysis for device modeling,
routines used to calculate transistor betas and the thresh-
old voltages of MOS processes from a profile (Stanford).
Siclops: Sandia IC layout program, a hierarchical auto-
matic placement and routing program (Stanford, Sandia
National Laboratories).

SIL: simple illustrator, a recent successor to SUDS,
released by Xerox in April.

SLAP: stretchable layout and placement, a chip-composi-
tion scheme that is constructed along the lines of bristie
blocks but containing both stretching and compaction
algorithms (Caltech).

Smash: a program for converting polygon-level layouts
into patterns for mask generation (HP).

Smosi: simpliied MOS model |, a circuit-modeling
device-simulation program (Berkeley).

Spice: simulation program with IC emphasis, time- and
frequency-domain circuit simulation at the layout level,
currently the most popular simulation tool (Berkeley).
Splice: simulation program with large-scale IC emphasis,
a hybrid (logic and circuit) emulation program that runs
approximately 100 times faster than Spice (Berkeley).
Sticks: a method based totally on the cathode-ray-tube
display whereby the designer can use a light pen to
directly draw representations at the schematic levetl (HP).
STIF: structured interchange format, a ClIF-like language
that provides a framework for higher-level and mixed-level
simulations (Berkeley).

Stretchable cells: a concept of stretching circuitry so
that interconnections at cell boundaries are made through
abutment (Caltech).

SUDS: Stanford University drawing system, an interactive
graphics system that allows complex symbols to be stored
and recalled and provides for easy movement and replica-
tion of circuit blocks (Stanford).

Suprem: Stanford University process engineering models,
a process-simulation routine that predicts electrical
parameters based upon oven time and temperature; it
creates parametric profiles of impurity concentrations
(Stanford).

Tecap: transistor electrical characterization and analysis
program, a device-simulation routine that characterizes
device parameters (Stanford, HP).

Testaid: a simulation of logic and timing, as well as a
simulator of stuck input/output fauits (HP)

VMD: vector memory display, a split-screen, independent
pan-and-zoom display enhancement to the GDS-ll color
display station (Calma).

WRC: wire rule check, a program that analyzes networks
for loading, run length, metal widths, and metal resistivity
(DEC).
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is also a hot topic at Digital Equip-
ment Corp., which uses a “chip
assembler” developed by Craig
Mudge, technical director of DEC’s
VLSI advanced development group.
The chip assembler is an umbrella
program that manages the various
chip-composition, simulation, and
layout routines. It stores all design
information in a single data base,
which serves to make iterative simu-
lation and modification a much
simpler process. The chip assembler
also takes on the complex task of
interconnection management, even
allowing mixtures of four different
connection techniques: abutment,
stretching, a routing subroutine, and
hand routing of interface blocks.

Mudge prefers the chip assem-
bler’s PLA-based approach to IBM’s
gate-array approach, because, as he
notes, “bipolar gate arrays run out of
steam between 1,000 and 2,000
gates.” Other researchers at DEC,
however, have developed a gate-
array method to fulfill the compa-
ny’s short-term IC needs.

DEC’s chip assembler will be used
this summer to create a VLSI float-
ing-point processor chip. “The chip
is a very irregular type of architec-
tural subassembly, so if we can map
that we will have proved the value of
the chip assembler,” Mudge says.
The chip will contain about 100,000
transistors on its 200-by-400-mil
surface.

Enter 1BM’s EDS. Though some
may charge that it wastes chip real
estate and others assert that it com-
promises a chip’s performance, advo-
cates of IBM’s engineering design
system (EDS) point out the system
was largely responsible for the time-
ly arrival of IBM’s impressive 4300
series of mainframes. The elaborate
system is used to design the metal
interconnection layer for 1BM’s gate-
array master-slice chips. These chips
contain predefined pieces of circuitry
that lack only the interconnection
layer to determine the functions that
the circuitry will perform.

In using EDS, the designer first
expresses the concept as a logic dia-
gram on a system terminal. This
establishes the functional partition-
ing of the chip and creates a data
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Turnkey CAD systems scramble to keep up

As the two largest producers of commercial computer-aided design systems
for integrated-circuit design, Calma of Sunnyvale, Calif., and Applicon Inc. of
Burlington, Mass., are under fire. Criticism of the two firms' products centers
on the cost of the systems, their lack of computing power, and the limitations
of the systems, which produce only artwork at the lowest level of design, the
polygon level. ““They are concerned with geometry, but we're not designing
geometry, we're designing circuits,”” sums up the California Institute of
Technology's James Rowson. Adds Digital Equipment Corp.’s Craig Mudge:
"Single stations, for only one operator, are generally quite costly, about
$100,000 to $200,000.""

But the two firms are not standing still. Spurred by a market expected to
pass $400 million in sales this year, both are already shipping upgraded
systems and have more advanced systems under development. Calma, for
example, is delivering its vector memory display (VMD) station after a
two-year delay. VMD gives the designer a split-screen display of chip layout,
one side zeroing in on a detailed part, the other on a global view of where the
part fits in. Earlier this year, Calma announced its GDS Il color display station,
with improved computing power and a much finer grid containing 32-bit
rather than 16-bit data points. Working in the laboratory, however, is
Calma’s next-generation system, which contains a Sticks-like program.
Beyond Sticks—and not yet implemented—is Calma’s so-called ice cube
concept, which contains a mixture of high-level symbolic representation with
low-level representation of interface circuitry. At Applicon, the switch to color
displays begins this month. The company notes that it is currently working on
programs for compaction, on-line electrical rule checking, on-line conductivi-
ty checking, and fast feedback analysis of circuits. According to Phillip R.
Rossignol, the company's marketing manager for microelectronics, Applicon
may hear the giant footsteps of IBM. “If IBM decided to take its in-house
CAD system to market, it would be a very serious threat,"”” he says. Francis
G. "Buck’ Rodgers, IBM's vice president for marketing, has said that CAD is
an area that IBM would like to pursue aggressively in the 1980s. However,
sources at the company say it has no plans to do so now.

In the meantime, Calma and Applicon see competition from small, new
companies that are formed to produce less costly CAD systems. One such
company, Avera Inc. of Scotts Valley, Calif., has already been formed and
will introduce its GT-1 system this fall. The company president, Mike Dickens,
came from Applicon. He describes the GT-1 as a microprocessor-based
graphics input and editing work station. -M.M. and L. W.

base that is acted upon by various
simulation and verification routines,
including logic-delay checking. Then
it automatically maps the logical
design into a physical chip layout
using a placement routine. When it
reaches this point, the computer
checks to make sure that the circuit
complies with applications rules and
fanout limits. As a final step, EDS
then generates the test patterns nec-
essary to verify the completed chip.
New directions. From the EDS sys-
tem to the various chip-composition
schemes on university drawing
boards, the semiconductor compa-
nies must soon decide which CAD
tools will best help them meet the
VLSI design crisis. Since, by one esti-
mate, about 70% of U.S. semicon-
ductor designs are currently com-
posed in the “Mylar jungle,” such a
decision will represent a major

retraining effort and a major capital-
investment effort.

The effort, by all accounts, will be
made, with the cost of the CAD sys-
tem becoming only a secondary fac-
tor. Intel, for one, will devote a third
of its capital-expenditure budget this
year to CAD equipment. The effort
will be made not just because the
Japanese are doing it, and not just
because the complexity of VLSI
demands it, but because these new
CAD methods will greatly improve
the productivity of the individual
designer. As TI's Spence puts it:
“My company will be designing ICs
in 1985 and 1990. The degree to
which I am successful now will
determine the productivity of our
people designing I1Cs then.” O

Reporting for this article was also done by James B. Brinton
and Linda Lowe in Boston. Wesley R. tversen in Dallas.
Pamela Hamilton in New York, and Charles Cohen in Tokyo.
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Analysis of technology and business developments

RCA sets SOS aside

New management team prepares to embark on strong C-MOS program
now that drain of sapphire work has been pinched oft

by John G. Posa, Solid State Editor, and Pamela Hamilton, New York bureau manager

Intoxicated by silicon-on-sapphire
technology and its promise of daz-
zling speed and mighty densities,
RCA Corp.’s Somerville, N. J., Solid
State division has found, instead,
more headache than profits and has
decided to swear off the stuff.

Unable to bring the prohibitively
high cost of sapphire and the pro-
cessing it entails down into the realm
of commercial volume production,
RCA’s semiconductor wing, which
expects to gross about 5% of the $8
billion in sales that the corporation
will chalk up this year, is shifting its
focus to a mainstream market and a
bulk complementary-MOS process
now in development.

This decision took more than a
reshuffling of top management; it
practically called for a new deck.

Pushing it out. General manager Robert S. Pepper says, “‘Success
hinges on taking the product out the door on a timely basis."'
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Robert S. Pepper was recruited
almost a year ago while vice presi-
dent and general manager of Analog
Devices Inc.’s Semiconductor divi-
sion in Wilmington, Mass., to
replace Bernard V. Vonderschmitt
[Electronics, Aug. 2, 1979, p. 46].

Then, less than a month ago,
Carm Santoro left American Micro-
systems Inc., where he was senior
vice president, to supplant Carl
Turner as RCA’s vice president in
charge of integrated circuits. And
even more recently, Ralph Simon
stepped down to be replaced by
Erich Burlefinger, previously general
manager of ITT Semiconductors in
Great Britain, as the division’s vice
president for electro-optics and pow-
er device operations.

The division’s energies had been

sapped by the elusive goal of cheap
sapphire—still a contradiction in
terms. By drawing thin ribbons of
the semiprecious material from the
melt, RCA hoped to bring sapphire
substrate costs to within 20% of
those of bulk silicon wafers. Ulti-
mately, it intended to convert to
square-wafer-handling equipment
for 30% more dice per wafer.

Ribbon goals unmet. RCA project-
ed that it would be pulling 100,000
ribbons by this year and three times
that many by 1983. Those goals will
not be met. Still unable to handle
square wafers at its Mountaintop,
Pa., ribbon-growing facility, it con-
tinues to grind the squares into cir-
cles. It was also anticipating ribbons
of "high enough quality to allow epi-
taxial layers to be grown directly

\

Out of the West. Carm Santoro, who joined RCA from AMI, says,
*C-MOS will be a winner and RCA is dominantly a C-MOS house."’
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upon them, thus skipping a surface
polish. Pepper explains, “There was
a thrust to go to 4-inch [ribbons],
but I said let’s wait and up the quali-
ty on the 3-in.”

Pepper estimates that the SOS trip
set the division back about two years
in terms of working with bulk. But,
he asserts, “we don’t intend to stay
behind for very much longer —we’re
not behind when it comes to process
technology. SOS appeared to have
tremendous speed and density ad-
vantages, and maybe at submicron
geometries it will be back to sap-
phire. But we're still at 3, 4, and 5
microns.” He admits that SOS does
not make sense “‘unless you must
have the speed or the radiation hard-
ening—in sum, SOS will no longer be
tried for commodity parts.”

Big spending. The new team is
determined to pick up the pieces.
Indeed, corporate finance has al-
ready doubled the division’s capital
budget for 1980 over 1979. While
being wooed by RCA, “I asked
[chairman Edgar H.] Griffiths some
direct questions,” says Pepper. “He
said, ‘RCA has to be a leader in elec-
tronics. Its board and stockholders
perceive it as a leader in electron-
ics.” ”” Santoro adds, “You have to be
a components company to be a suc-
cessful electronics company. The
commitments are here. It doesn’t
make sense to bring in some heavy-
weight people and then tie their
hands.”

Back in 1978, the division said it
would produce— cost-effectively on
sapphire—a 4-K static random-
access memory, a 16-K static RAM in
1979, a 32-bit microprocessor by the
early 1980s and, by 1983, chips with
a million active devices.

But only the 4-K RAM went into
production. The company says it is
pushing thousands of these per
month out the door today, but anoth-
er promise of SOS was for speed—
about five times that possible with
bulk Cc-MOS. But while companies
like Hitachi Ltd. have broken the
55-nanosecond barrier with their
bulk 4-K parts, RCA’s replacement
for the 2114 plods along with its
650-ns maximum access time.

The division said that it was devel-
oping a floating-gate process for
ultraviolet-light—erasable read-only
memories and that it would deliver
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16-K erasable programmable ROMs
by last year. It also hoped to have a
32-K mask-programmable C-MOS
ROM in 1979 and a 128-K chip this
year. Those hopes turned out to be
no more than that.

Micros successful. As for micro-
processors, the company’s propri-
etary 8-bit 1802, second-sourced by
Solid State Scientific Inc. of Mont-
gomeryville, Pa., and Hughes Air-
craft Co.’s Solid State division in
Newpart Beach, Calif., has certainly
been successful. However, it is built
with a bulk C-MOS process called C2L
(for closed-cell logic) and, until
recently, the device was basically
alone in the field. :

But again, in sOs, the firm
pledged a single-chip version of the
1802—the 1804—and, through a
technology swap with Intel Corp., it
was to put the 8048 single-chip
microcomputer and the 8085 8-bit
microprocessor on sapphire last year.
It did not happen that way and, los-
ing faith in SOS, Intel is said to be
working all out on its own high-
performance C-MOS process.

“We terminated the 8085 project
after we got some working parts,”
states Pepper. “It’s not the thing for
S0s. The 1804 is alive and viable in
Somerville, but we are undergoing a
major program to convert it from
sapphire to bulk.” He was disap-
pointed to discover that “you can’t
just take a mask set and put it into
bulk. I still think we can generate an
algorithm to translate from one into
the other, but it may be that we do
the whole thing over.”

The recast 1804 will, in fact, be
the first of RCA’s chips to sport the
new bulk process. “We have just
made that commitment with the labs
{in Princeton, N.J.] and the Tech
Center [the Advanced Technology
Center in Somerville] and we expect
production quantities in 18 months. 1
would like to cut that to a year.”

The 16-bit question. In looking to
the future, Pepper is unsure what
RCA will be doing for a 16-bit micro-
processor. “We've got to have a 16-
bit machine. We've looked at the
question of whether we should fash-
ion one after the 1802 or whether we
will act -as a second source,” says
Pepper. However, it is unlikely that
RCA will back the development
effort needed to market its own 16-

From Europe. Erich Burlefinger, from ITT
Semiconductor in England, will head electro-
optics power device operations at RCA.

bit microprocessor this late and
instead will be a second source.

C-MOSI, a quick name given to the
new process, will use oxide isolation
and S-micrometer-minimum fea-
tures. Pepper says that it will resem-
ble the Iso-CMOS pioneered by Mitel
Semiconductor Inc., Kanata, Ont.,
Canada. C-MOS 1 will later be scaled
to 3 um and become C-MOS I1.

Scaling was the bugaboo with C2L
and the reason why that bulk process
will not be prolonged. Says Pepper:
“We couldn’t scale it below 5 micro-
ns and we want a process that clearly
goes to 3 microns and beyond.”

It is rumored —and not denied by
Pepper—that the division recently
purchased a mask set from Toshiba
Corp. for an improved 4-K static
RAM, which the new managers also
have scheduled for production. Pep-
per characterizes the RAM as “‘nice-
looking.” He adds, “We have a shot
at getting it into the marketplace
this year —or definitely next.”

A sense of purpose now runs high
at the division. “There are incredible
resources here,” says Pepper, re-
fering to the people at the labs and
the tech center. “I’'m still peeling the
onion.” He is working hard to coor-
dinate research and production, real-
izing that “The success of a semicon-
ductor company hinges on getting
the product out on a timely basis.”

“We had more processes than
manufacturing could absorb here,”
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he observed. Downplaying SOS and
emphasizing its new oxide-isolated
bulk process should take care of that
problem, though. Other jobs in the
queue for the general manager
include upgrading in the wafer fabri-
cation area, with more equipment
for environmental control and more
mechanization of offshore manufac-
turing and testing.

Santoro, too, has a positive
approach to the manufacturing
problems that have been preventing
the corporation from getting prod-
ucts out of the door. “RCA has con-
ceptualized a lot, but has not mobi-
lized these ideas,” the 39-year-old
Santoro observes. “There’s a wealth
of C-MOS capability here that needs
to be marshaled. Over the long term,
C-MOS will be a winner, and RCA is
dominantly a C-MOS house.”

AMi-trained. Santoro, who holds a
Ph.D. in solid-state physics from
Rensselaer Polytechnic Institute,
Troy, N. Y., was the very man who
ordered the demise of V-groove MOS
at American Microsystems Inc.
“v-MOS was a good idea when we
got into it, and it was a good idea
when we got out,” he recalls.

“I bring conceptual development
experience and high-volume manu-
facturing management ability to the
party,” Santoro says, adding that
“disciplined creativity is the key to
semiconductor business.” In which
areas does he see this disciplined
creativity being put to work? “Tele-
communications and automotive
electronics,” he replies. “Telecom-
munications has become an absorber
and a driver for the semiconductor
industry. If RCA couples that with
auto industry needs, it will maintain
a dominant position in the industry.”

As the third in RCA Solid State’s
management trio, Erich Burlefinger,
41, division vice president for elec-
tro-optics and power devices, will be
responsible for the engineering
manufacturing, and marketing func-
tions for electro-optic devices,
closed-circuit video equipment, dis-
crete power semiconductors, micro-
processor development systems, and
single-board computers.

Simon had already bootstrapped
the electro-optics product line into
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Sapphire moves further into the future

The use of sapphire substrates for building complementary-MOS (or even
just n-channel) circuits has been pursued for more than a decade because of
its promise—in theory, at least—of denser circuits and greater switching
speeds than the usual bulk-silicon processes. Sapphire is an insulator, so
that transistors residing in wells formed in a silicon epitaxial layer on the
sapphire are automatically isolated from each other. That eliminates both the
need for space-consuming oxide between devices and the circuit-slowing
capacitance resulting from reverse-biasing pn junctions for isolation.

But it has not proved easy to exploit sapphire. Unexpected problems,
especially in the silicon-sapphire interface, have not only made the process
far more difficult than standard bulk C-MOS processes but have also cut into
the performance advantages. Moreover, sapphire is an expensive insulator,
costing hundreds of dollars per wafer, as opposed to a few dollars for silicon.
As a result, nearly all semiconductor manufacturers have labeled SOS an
exotic technology for only those applications in which—whether in speed,
radiation hardness, or density —bulk C-MOS does not suffice. Finally, RCA
Corp. has joined the pack and ceased trying to make sapphire fly in
commodity products.

Probably most active in SOS is Rockwell International Corp. It has built
many circuits for military applications that, by their speed and power
specifications, reach into that range beyond bulk-silicon C-MOS perform-
ance. Its Anaheim, Calif., Microelectronics division, in fact, is bringing eight
more SOS devices out of research and into final engineering design for
limited production later this year. This gives Rockwell a total of 20 SOS
devices for military and space customers, primarily such other Rockwell
divisions as Collins Radio and Electronic Systems.

Most of these parts are intended for signal processing, where SOS speed
and power advantages stand out, says Robert L. Doty, business director of
military device products. Rockwell employs 4-micrometer line dimensions in
production, but since SOS scales down well, he says, researchers are
building devices with geometries down to 2 um. An improved Viterbi decod-
er, for instance, packs 33,000 transistors into a 170-by-250-mil area
[Electronics, Dec. 8, 1979, p. 42]. Apart from research, 80 to 90 people are
involved in military SOS work.

However, Rockwell still has no timetable set for moving into commercial
SOS, says Richard C. Pinto, division vice president and general manager for
microelectronic devices. ‘“‘Until now, it would have been an academic exer-
cise and premature,” with Rockwell lacking enough production experience
and yield data, and with the work just at the point of gelling, he adds. But
Pinto expects within five years that Rockwell SOS sales will have a 50-50
inside-outside mix.

Elsewhere, Hewlett-Packard Co., Cupertino, Calif., made a major commit-
ment to SOS for microprocessors and other proprietary circuits it uses in its
instruments and computers. But it now appears that HP may also be shifting
its emphasis to bulk silicon. At a recent device research conference in Ithaca,
N. Y., HP researchers presented a paper that painted a cloudy scenario for
the future of SOS. In particular, it cited experiments on device saturation
current, which ultimately determines MOS switching speeds in digital circuits.
The results showed that bulk n-MOS at very short (0.5-um) channel lengths
attains 70% the theoretical limit, whereas at the same channel length, n-MOS
on sapphire reaches only 55% and p-MOS on sapphire only 42%. Those
findings could explain why, although HP is currently in production with its
second-generation (4-um features) metal-gate SOS process, it has reported-
ly put a hoid on producing a third-generation process — silicon-gate C-MOS
on sapphire with 2.5- to 3-um features. HP confirms that it has ‘‘chosen not
to pursue development of its next-generation process at this time, but for
business —not technologicai reasons.’”’ HP adds that more SOS devices will
be used in various products. -Raymond P. Capece

the black for the division, and Burle-
finger will go on to enhance the pow-
er semiconductor capability of the
operation. “We should be doing a

fine job in power [devices] and we're
not,” says Pepper. “Erich can do
that. He's a bright, articulate guy
and a strong team builder.” O
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Instruments

Measurement science is catching up

High-speed signals of new ICs have labs pushing resolutions

of test devices down to a few picoseconds or less

by Richard W. Comerford, Test, Measurement & Control Editor

With the speed of commercial inte-
grated circuits breaking into the
nanosecond region, both commercial
and research facilities are looking
for new ways of accurately and
repeatably measuring the high-speed
signals produced. At Lockheed Mis-
sile and Space Corp.’s Palo Alto
(Calif.) Research Laboratory; Tek-
tronix Inc. in Beaverton, Ore.; the
National Bureau of Standards in
Boulder, Colo.; International Busi-
ness Machines Corp.’s Thomas J.
Watson Research Center in York-
town Heights, N. Y.; and other such

facilities, workers are pushing mea-
surement resolutions down to a few
picoseconds or less.

To test gallium arsenide devices,
researchers at Lockheed’s Micro-
electronics Center in Sunnyvale,
Calif., have used IEEE-488-com-
patible instrumentation to build a
system for testing wafers of large-
scale integrated circuits. The system,
shown below, has at its heart a Tek-
tronix 7912A digitizer modified by
Ray Smith of the company’s re-
search lab to work at a minimum
bandwidth of 3.5 gigahertz.
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Home brew. Researchers at Lockheed's Microelectronics Center in Sunnyvale, Calif., built
this system to test the operation ot next-generation high-speed integrated circuits.
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Smith’s modifications involved
changes to the input and output elec-
tronics, which resulted in “pushing
the [scan converter] tube a bit,” the
physicist notes, without changing its
internal electronics. Smith, who em-
phasizes that the basic 7912A is a
fine instrument, says the change in
the unit’s vertical input amplifica-
tion scheme was simple: “We threw
it out,” he explains. The amplifier
limited the 7912A’s bandwidth to
about 500 megahertz or, at what
Smith calls a “brutal” sensitivity of
4 volts/division, to 1 GHz.

The next limiting factor, the
tube’s native 2.5-GHz bandwidth,
was overcome by equalization—at-
tenuating the low-frequency re-
sponse so that it matched the high-
frequency response. Referring to the
techniques used in long-distance
cable transmission, Smith says,
“Usually that’s done passively. What
we've done is to apply it to the
microwave region and we've done so
without using an amplifier.” The
actual circuit details are proprietary,
but Lockheed will modify one or two
units on an accommodation basis at
cost, currently about $15,000.

Without input amplification, it
might be expected that the sensitivi-
ty of the unit would be extremely
low. But to his surprise, Smith
found that it was not deflection but
the correct location of a trace’s
charge center that was essential to a
digitizing instrument’s operation.
Finding that center by integrating
the trace, as is done in phased-array
sonar, resulted in a 2-millivolt sensi-
tivity and an 8-v input range. Sig-
nals could therefore be digitized with
12-bit accuracy.

About a year ago, Smith pre-
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sented his findings and their result to
Tektronix —which verified the modi-
fied unit’s operation—and offered
the company the rights to incorpo-
rate the changes. But the timing was
not right, according to Jim Cavaret-
to, business unit manager for signal-
processing laboratory oscilloscopes
at Tektronix. The company had just
spent a lot of time adding program-
mability and processing capability to
the unit, turning it into the 7912AD
version, to which Smith’s modifica-
tions are not readily applicable.

“At the time he approached us,”
Cavaretto also notes, “we didn’t
have enough information to deter-
mine if we should turn right around
and produce another product.” Then
too, Smith’s modifications reduced
the 7912’s overall throughput —the
time it takes to store as well as dig-
itize waveforms—which Cavaretto
feels is essential to a general-purpose
instrument.

But with the success of instru-
ments like the 7104 1-GHz oscillo-
scope, Tektronix sces the need to
push on. “We're alrcady getting
questions and comments that lecad us
to believe that I GHz is certainly not
the stopping point,” Cavaretto says,
and he thinks that scan conversion
will be the way to go.

But the silicon target now used in
the digitizer ““has some inherent lim-
itations in terms of signal-to-noise
ratio,” he notes, so ““in the future,
CCD targets may become the vehi-
cle.” The charge-coupled devices
would be used much as in vidicon
cameras today. Then, too, a general-
purposc instrument will require
high-spced input amplifiers that pro-
vide a range of sensitivitics, and for
that Cavaretto leans toward LSI
GaAs devices. “But trying to extend
waveform measurement capabilities
well into the gigahertz region,
regardless of which technology one
chooses, is not going to come casily
or cheaply,” he cautions.

Looking out. While he may come
down on the side of direct-reading
instruments that usc transferred-
electron devices and GaAs, Cavaret-
to keeps a ‘sharp cye on sampling
technologies that may up measure-
ment capability, including those
based on Josephson devices. “We've
spoken with IBM concerning that
technology and their neced for
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Scan converter. The heart of the 7912A digitizer was modified to increase the operating
speed. Such tubes will probably be even further modified, using GaAs devices and CCDs.

extremely precise measurement, and
we’re continuing to try and mold
that into a product development
strategy.”

1BM’s Josephson work is still cen-
tered in its research center at York-
town Heights, and spokesmen for the
company continue to stress that the
work is experimental. But [BM’s
recent slew of discussions about
Josephson devices could indicate
that the move from experimental to
rental is not far off. And though the
work is essentially devoted to com-
puter efforts, the company also sees
its importance to metrology. In fact,
the company’s most recent an-
nouncements have dealt primarily
with such applications.

For example, the most recent 1BM
Josephson announcement has been
the experimental demonstration of
an ultrashort-pulse generator that
makes possible a novel sampling
technique for on-chip measurecments.
Sadeg Faris, the IBM research staff
member responsible for the new
measuring scheme, explains that for
the experiment two pulse generators
and a sampling gate were integrated
onto a single Joscphson chip. The
generators were used alternately to
provide sample gate triggers and test
signals, with the result that “what
we measure and what we predict
from simulation agree very well,”
notes Faris happily.

The present circuit’s sampling
gate has a plasma frequency whose
period is about 2 ps. “The plasma
frequency really determines the
[measurement] bandwidth in our
scheme,” Faris notes, “it has the
capacitance of the device in it. We

can make devices that ultimately
have zero capacitance— Joscphson
weak links. Using materials with
high temperature coefficients like
niobium-germanium, the resolution
can be about 0.1 ps.”

9 ps at NBS. Similar work is being
carried out at the National Burcau
of Standards in Boulder. There,
researchers have constructed mea-
surement systems using supercooled
Josephson logic circuits and a sam-
pling oscilloscope. The sampling sys-
tem is able to mecasure with a resolu-
tion of 9 ps, three times faster than
the sampling scope alone.

Now, the detector on the NBS's
supercooled logic must communicate
with the sampling logic in the room-
temperature scope, unlike the inte-
grated logic that IBM has built.
“Since IBM did that [integration]
work, we’re taking a slightly differ-
ent direction,” says NBS researcher
Clark Hamilton. Like IBM, the NBS
is headed toward a system that will
measure signals transmitted to it
from a room-temperature source,
work that should be completed in the
next few months, Hamilton says.

But IBM does not plan to let the
NBS stake out new territory without
a fight. Faris notes that work in this
direction is also beig donc at IBM.
He will not say when it is likely to
bear fruit, adding that “all I can say
is that it’s do-able.” And though he
cannot tic a dollar figure to this type
of cquipment, he says that “it is
practical for most laboratories to do
it—1I think the semiconductor peco-
ple, who already have most of the
equipment for Josephson device fab-
rication, should get into it.” 0
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Technical articles

Low-power EE-PROM
can be reprogrammed fast

C-MOS peripheral circuitry surrounds n-MOS array
in which electrons tunnel to and from floating gates

by E. K. Shelton, Hughes Aircraft Co., Hughes Research Center, Newport Beach, Calif.

O When it comes to in-circuit reprogramming, an elec-
trically erasable memory is inherently more convenient
than one that must be cleared with ultraviolet light. So it
is only a matter of time before the Uv-erasable program-
mable read-only memory, or E-PROM, relinquishes some
of its substantial market share to the EE-PROM.

In addition to electrical erasure, a new 8-K EE-PROM
has two other assets —low power consumption and low
current requirements for erasing and programming—
that make it particularly attractive for portable applica-
tions like hand-held instruments. It can also be pro-
grammed very quickly, in about 0.1 second, since bulk
erasure and byte programming typically require only
100 microseconds each. Access time is less than 600
nanoseconds.

The HNVM 3008 owes its low power consumption to
the choice of complementary-MOS technology for its
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peripheral circuitry, which surrounds a high-density
n-MOS memory-cell array. Density is achieved by merg-
ing storage and select transistors; nitride is used only to
enhance coupling between the two. The chip’s n-type
substrate contains a large p-type well comprising 8,192
bits of nonvolatile storage, seen from the outside as 1,024
bytes. Outside this well, p-channel transistors reside in
the substrate and n-channel devices are fabricated in
other, smaller p-type wells, just as in standard C-MOS
chips.

The device typically consumes only 25 milliwatts dur-
ing programming and erasing, 10 mw during reading,
and less than 500 microwatts on standby. These figures
reflect the use of electron tunneling as the mechanism of
charge transfer and the efficiency of the C-MOS circuitry
as well. Metal-nitride-oxide-semiconductor EE-PROMs
also employ electron tunneling, but they require a pro-

1. C-MOS EE-PROM. With C-MOS periph-
eral circuitry and a dense n-channel array,
this nonvolatile memory needs little power.
The cells use a floating gate for the highest
retention and, for the best endurance,
charge is transferred by tunneling electrons.
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gramming voltage of at least 25 volts. In contrast, the
HNVM 3008 requires 17 v for programming and eras-
ing; for any other purposes, the voltage on its single
power supply pinis 5 v.

The use of a floating gate as the storage element
optimizes the new circuit’s memory retention, estimated
at 10 years at 125°C. The combination of tunneling and
floating gates provides both excellent retention and mini-
mal degradation with repeated erasing and programming
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2. Thin oxide. On the left half of the transistor, polysilicon forms a
fioating gate. Above this rests an aluminum control gate that also
extends to the right where it serves as a cell-selection gate. A thin
nitride-oxide sandwich enhances capacitive coupling.

cycles, estimated in this case at an endurance of more
than 10° cycles.

The chip’s pinout is similar to that of the 2708
E-PROM, the 2308 mask-programmable ROM, and the
Hughes HCMP 1834 mask ROM.

Why the floating gate?

In floating-gate structures like E-PROMs, charge is
stored on an electrically isolated gate electrode and
erased with ultraviolet light. MNOS memories, on the
other hand, trap charge at the nitride-oxide interface
and are electrically erased and programmed. E-PROM
floating-gate devices retain charge better than MNOS
devices because the stored charge is isolated with a
thicker oxide.

To make a floating-gate device electrically erasable in
a manner similar to an MNOS memory, a thin tunnel
oxide must be present. However, this layer need not be
nearly as thin in a floating-gate cell (less than 200
angstroms versus about 25 A for MNOS), so charge will
not leak off as quickly. In fact, a floating-gate device
should have approximately 100 times better data reten-
tion than an MNOS structure.

To transfer charge, MNOS structures use an electron-
tunneling mechanism. This requires such a thin oxide
that early electrically programmed floating-gate struc-
tures avoided the technique. Instead, they opted for
techniques such as avalanche injection of charge through
a thicker oxide, despite the fact that this mechanism
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3. Charge transfer. For bulk erasure (a), the p well is raised to the
17-V programmirg voltage and electrons leave the floating gate. To
write data (b), the cell remains high, but attracts electrons from the p
well if the data input line is grounded and shuns them if it is high.
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Thin tunnel oxides and polysilicon floating gates appear to
be a winning combination for EE-PROMs. The thin layer
enables bidirectional electron tunneling to be used in lieu
of harsh avalanche injection for charge transfer, and the
floating gate may replace, as a storage node, a nitride-
oxide sandwich that demands an even thinner oxide for
the same programming voltage and is hence more prone
to leakage.

Intel Corp. of Santa Clara, Calif., recently used a pro-
cess similar to Hughes' called Flotox to build a 16-K
EE-PROM compatible with the ultraviolet-light-erasable
2716 E-PROM [Electronics, Feb. 28, p. 113]. Flotox
stands for floating-gate tunnel oxide. The two processes
are similar, as shown in the cross sections below. A major
difference is that Intel uses two MOS transistors per cell
(the cell-select device is not shown), whereas Hughes has
merged these into a single device. In each case an oxide
layer less than 200 angstroms thick serves as a valve for
electron traffic to and from a floating polysilicon gate.

Both Intel and Hughes use a second, capacitively cou-
pied controi layer to alter the potential of the floating gate.
For instance, by pulling the overlapping control gate to a
high voltage, the floating gate voltage rises, and electrons
hop the thin oxide and become trapped. Some minor
differences here include Intel's use of polysilicon for the
control level versus Hughes' use of metal and its inclusion
of silicon nitride to enhance the capacitive coupling
between the control gate and the floating gate.

Intel's thin oxide is grown on a heavily doped n* region,
whereas Hughes’ is over the lightly doped p well. Growth
over a heavily doped region may be more difficult since
some impurities may wind up in the tunnel oxide. However,
by placing the tunnel oxide over its n* drain region, Inte! is
able to offer single-byte erasure, a feature that Hughes
wants to add at a later date. To erase a cell, Intel grounds
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the control electrode with the drain positive and electrons
jump the gap and leave the floating gate. In contrast,
Hughes must raise the potential of its entire p well, thus
forgoing individual cell control.

Motorola has a series of tunnel-oxide EE-PROMs
planned and is predicting that its cells will be 20% to 30%
more compact than Flotox cells. Theoretically, if thin oxide
could be made thin enough, all operations—including
programming —could be accomplished with a singie +5-V
supply or, more likely, with a high voltage generated on
chip. Alternatively, Xicor Inc. of Sunnyvale, Calif., has
shown that a somewhat thicker oxide will also support
low-voltage tunneling if it is carefully grown on rough-
textured polysilicon.

Metal-nitride-oxide-semiconductor, or MNOS, devices
use an even thinner tunnel oxide, but since charge in them
is bound at the nitride-oxide interface and so is not
mobile, the superthin layer need not be perfect. Indeed,
MNOS cells can have a few pinholes in their thin oxide with
no ill effects. In contrast, since the charge stored in a
floating gate is mobile, a pinhole in its thin oxide wouid
behave as a low-resistance pipe, rendering the cell use-
less. The closer tunnel oxide growth comes to perfection,
however, the more likely are the MNOS nitride-oxide sand-
wiches to be replaced with floating polysilicon gates.

Nevertheless, MNOS replacements for E-PROMs are
surfacing. Hitachi Ltd. is now supplying samples of a
2716-compatible EE-PROM called the HN48016. It does
not feature byte erasing, but its price is very aggressive —
only $70 a unit in quantities of 100. Intel's 2816 is going
for 8 to 10 times the price of a 2716, which ranges from
$7 to $20. General Instrument Corp. of Hicksville, N. Y.,
which is now switching from a p-channel to an n-channel
MNOS process, is also eyeing the E-PROM replacement

market. -John G. Posa
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degrades with successive erasing and programming
cycles—in other words, it exhibits poor endurance. A
floating gate combined with a thin tunnel oxide provides
the best endurance and retention.

Since electron tunneling within a floating-gate struc-
ture appeared to be the best arrangement for electrically
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erasable PROMs, Hughes undertook an extensive three-
year program to develop a reliable, high-yield tunnel-
oxide process and a floating-gate structure to support the
charge-transfer mechanism. Along with these, a float-
ing-gate process was developed, put into production, and
subsequently applied to the development of a floating-
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4. Comparator. The state of a memory cell is determined by com-
paring it with a reference cell that differs from it in having no tunnel
oxide and a fixed threshold voltage. An output latch compares the
conductances of the memory and reference cells.

gate memory cell. Various cells were designed and com-
pared in terms of performance, reliability, and yield.

The cell finally selected is near optimum for retention
and endurance. In comparison with MNOS, it produces a
memory that retains data better by at least an order of
magnitude and, as mentioned, can be programmed with
a lower voltage. .

A cross section of the cell is shown in Fig. 2. It consists
of a single transistor having a split-gate structure. On
the left side of the transistor is the dual-gate storage
portion of the cell, formed by a polysilicon floating gate
overlaid by an aluminum control gate. The aluminum
layer also extends to the right, where it serves as a
cell-select gate.

The polysilicon floating gate is isolated from the MOS
channel beneath it by the tunnel oxide and the normal
gate oxide and from the control gate above it by a
nitride-oxide sandwich. This thin dielectric sandwich is
crucial since it ensures such a strong capacitive coupling
between the gates that 17 Vv is enough to charge and
discharge the floating gate.

Reading and writing

A memory cell is erased as electrons tunnel from the
polysilicon floating gate to the p well (Fig. 3a). This is
done by first grounding the control gate and then raising
the potential of the p well to the +17-v programming
voltage. Electrons tunnel through the thin oxide, causing
the floating gate to acquire a net positive charge.

This procedure is reversed to write data into an erased
memory cell—that is, electrons are made to tunnel into
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the floating gate from the p well (Fig. 3b). The p well
remains grounded during programming, but the drain of
the memory cell transistor is connected through a load
resistance to the programming voltage. The source is
connected to either the programming voltage or ground,
depending upon whether a 1 or a 0 is to be stored.

Next, to start the programming cycle, the gate is
raised to + 17 v. If the source potential is also + 17 v (to
program a 0), the transistor does not turn on, and the
surface of the p well below the floating gate is depleted
of electrons. Only a small potential difference then exists
between the surface of the p well and the floating gate,
so that no electrons tunnel into the gate. There is no
change in the floating-gate potential and the cell remains
erased in a O state.

On the other hand, if the source potential is 0 v (to
program a 1), the transistor turns on. The surface poten-
tial under the floating gate drops to close to 0 v, and
electrons from the inversion layer tunnel through the
thin tunnel oxide and into the floating gate, causing it to
require a net negative potential.

To the control gate, the charging and discharging of
the floating gate look like changes in the threshold
voltage of the memory transistor. For an erased cell, this
threshold voltage is between —1 and —3 v; in the
written state, the threshold is raised above normal to
from +1to +5v.

The state of a storage location is determined by an
output latch that compares the memory cell’s conduc-
tance with a reference cell’s (Fig. 4). The reference cell
resembles the memory cell except that it has no tunnel
oxide and its floating gate is tied to the control gate so
that its threshold voltage remains fixed.

Easy activation

In the HNVM 3008 circuit, the erasing and program-
ming operations are initiated by simply raising the sup-
ply voltage pin to the +17-v programming voltage and
then applying TTL-level signals to the chip-enable (CE)
and output-enable (OE) inputs. An internal voltage
detector monitors the power-supply voltage level and, if
it is elevated above about +8 v, automatically throws
the chip into the erase-and-program mode. A logic low
pulse on the OE input now causes bulk erasure of the
memory, and a logic low pulse applied to TE programs
the byte at the location selected by the address bus with
the information present on the data bus. During erasure
or programming, the output bus drivers are automati-
cally turned off so that the raised supply voltage does not
damage any devices connected to the E-PROM.

The HNVM 3008 is in the erase and program mode
when the high-voltage line is high (true). As mentioned,
this line will be true whenever the power supply voltage
is above 8 v or so. At normal + 5-V levels, CE, OE, and
chip select (CS) are used to read the memory. CS and OF
control the output drivers to the 8-bit data bus.

When CS is low and/or OE is high, the output drivers
are disabled, or put into the high-impedance state, so
that any of the devices attached to the common output
bus may be selected independently. When CE goes low,
the input address is held and the addressed data byte is
latched into the output sense amplifiers. 0
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Development system puts
two processors on speaking terms

Software for Intellec development systems interactively controls
two in-circuit emulators so that interprocessor communications
can be debugged more easily and with greater speed

by Christopher P. Zing, intel Corp., Santa Ctara, Ca.

(J Dividing data-handling chores between two micropro-
cessors —coprocessing —is becoming a common design
approach because of the overall system benefits that it
can provide. But translating such designs into hardware
and software is not always easy: doubling the number of
processors in a system can more than double the develop-
ment effort, since it adds the twist of interprocessor
communications.

To simplify the debugging of dual-processor designs,
Intel has introduced Multi-ICE software for the 8085,
8049, and 8041A chips. This software package allows
two in-circuit emulators (ICEs) resident in a host Intellec
development system (Fig. 1) to operate synchronously
under the user’s control, thus providing him or her with
information on how the two microprocessors being emu-

-
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lated would interact in the target system. With it, the
user can isolate a problem involving two interacting
processors even if the problem is intermittent. Of course,
quick and easy modification of the program code for
interacting processors promises to make multiple-proces-
sor system development less time-consuming.

Pre-Multi-ICE

To realize coprocessor designs before Multi-ICE,
designers basically had two techniques for debugging
their systems: sequential emulation, using a single emu-
lator for one processor and then the other, or asynchro-
nous dual-processor emulation. Each of these techniques
has its drawbacks.

To design interprocessor communications when only a
single development system and emulator are available
requires a piecemeal approach. The untested software
for one processor is placed in firmware—usually an
erasable programmable read-only memory—in order to
give the second processor a unit to talk to. Then the
second processor is emulated and the communication
links are checked.

Since the first processor’s program is fixed in E-PROM,

1. Double duty. With Multi-ICE software, the Intellec development
system shown is able to interactively control the operation of two
in-circuit emulators, such as the ICE-49 and -85, so that interproces-
sor communications may be examined with greater ease.
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*GO FROM 800

. Activate ICE 1; environment EN1 assumed by default
, Start {CE 1 at instruction cycle 800

. "IF PC = .LOOP THEN
. *SUSPEND PR1

.. "END

. *END

: End of IF block
, End of REPEAT block

; Repeat the following block of commands while the program counter is not equal to LOOP
; LOOP is the symbol for an instruction or fault condition that the user wants to detect

; Activate PR2 (the host recognizes the first three letters as the key word ACTIVATE)

; Go till instruction at focation LOOP or at location END is executed

*END ;. End of ACTIVATE block
PR1 EMULATION BEGUN . System advice to user
‘SWI = EN2 ; Switch execution environment to EN2
“REPEAT
*WHILE PC <> LOOP
. *ACT PR2
.. *GO TILL .LOOP OR .END
.. *REGISTER . Display the registers
.. *END ; End of ACT block
*WAIT PR2 ; Wait until PR2 is dormant

2. Gadabout. With dual emulation, the Intellec’s central processing unit spends its time ordering the three task sets shown above. The CPU's
operating milieu is determined by the program at bottom, which has been written by a user in the Multi-ICE command language, Emula.

changes can be made easily only on the program in the
emulated processor’s memory, and the development sys-
tem cannot observe and depict both systems at the same
time. Therefore, when bugs exist the designer has to
resort to a trial-and-error method —going back and forth
between processors and changing emulator memory and
E-PROMsS until the system works.

With two development-emulation systems—or with
one system that can handle two emulators—program
changes can be made more readily, since both emulators
and their programs are accessible to the user. However,
a trial-and-error approach for finding and fixing bugs
may still be needed, because the two in-circuit emulators
cannot be controlled synchronously.

The most efficient way to develop a multiple-processor
system is to use a software tool that lets processors be
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interactively controlled. The Multi-ICE package provides
simultaneous support and control of two in-circuit emu-
lators while sharing development system resources such
as memory, peripherals, and console. It also permits
hardware and software starts and stops to be synchro-
nized by the user.

These synchronized operations are useful for de-
bugging. The user can establish software or hardware
stop conditions for the processors such that, say, they
both trigger at a particular fault condition, and then he
or she can review the logic trace in both emulators from
the time of a handshake until the fault appears. With
parallel trace records from both ICE modules, he or she
can quickly zero in on the communications problem.

Using dual-processor emulation, a designer can test
programs with a minimal amount of hardware—just a

Electronics /July 31, 1980



Despite the added complexity that making two processors
talk to each other can bring, designers are finding several
reasons to turn to dual-processor designs. For one, the
price of processors has dropped to the point where it
makes economical sense to partition a product into sever-
al functional areas, each with its own processor. The
separation shortens development time, since different
groups can work in parallel on individual areas. The short-
er development time means that products can bring a
return on investment sooner. Further, this functional seg-
mentation permits the generation of standard, proprietary
circuits that can be used in a number of different products
requiring those functions, thus reducing a company's total

Why two processors are better than one !

design cost as well as its engineering effort.

Equally significant is the fact that these designs do not
limit the overall system performance to the maximum
throughput of a single central processing unit. Handing off
more mundane tasks to an intelligent peripheral controlier
like the 804 1A frees the CPU for more complex tasks that
it alone can perform efficiently. One pocket-sized data-
entry terminal, for example, uses the CPU to interpret data
entered by way of a keypad and a peripheral processor to
establish communication with a data base via telephone.
With two processors, the system operates faster, the
operator experiences less real-time delay, and telephone
costs are reduced.

printed-circuit board with bus lines, for example. Run-
ning the programs from the emulator memory using two
in-circuit emulators, he or she can study the operation at
key points to determine if the communication software is
running smoothly.

Achieving joint control

To obtain these capabilities, Intel’s Multi-ICE software
configures the Intellec development system so that its
main processor can perform different sets of tasks in
three different modes, or environments. Two sets of
tasks, processes PR1 and PR2, interface the develop-
ment system’s main processor with two ICE modules,
which emulate the processors designated 1 and 2, respec-
tively. In performing these tasks, the main processor can
be regarded as operating in the ICE | or ICE 2 environ-
ments (EN1 and EN2, respectively).

The third set of tasks lets the development system and
the user communicate and controls the synchronization
of the other two sets of tasks. This last set is referred to
as the host set and is performed in the host environment.

A general understanding of how the main processor
performs in each of these modes can be gained from
Fig. 2. Here, a program operating under Multi-ICE
software controls the activities of two emulators in
accordance with the flow diagram. When a fault occurs,
both processors are stopped so that the source of the
error can be located.

In this example, the main processor, initially running
in the host mode, is switched to the EN1 environment.
After giving instructions to the emulator associated with
PRI (start at 800), the main processor leaves this emula-
tor (ICE 1) to run in its environment (EN1), returns to
the host mode, communicates status information to the
user, and reads the next instruction, which switches it to
the EN2 mode.

Under the EN2 environment, emulator 2 is instructed
via the main processor to perform a repeat routine. At
the start of each cycle of the routine, the main processor
checks the program counter (PC) of ICE 2 to see whether
its value is equal to that of the symbolic location LOOP.
LOOP is a macrocommand defined by the user and may,
in this instance, correspond to a fault condition or data-
transfer point that needs to be analyzed.

The result of this check determines how the main

Electronics/ July 31, 1980

processor should proceed. If the program counter is not
equal to LOOP, ICE 2 is activated and runs until it
executes the instruction at LOOP or END, at which point
the processor stops. Meanwhile, the main processor waits
until emulator 2 goes dormant, and if it does so because
the LOOP and program counter values are equal (that is,
if the last instruction performed was the LOOP instruc-
tion), the main processor deactivates ICE 1 and returns
to the host mode. Thus the user can now communicate
with the main processor and call information from the
trace memories of both ICEs, triggered at the same point,
to evaluate the steps leading up to the LOOP state. He or
she can do this by looking at the traces simultaneously
on the development system’s cathode-ray-tube display or
by printing them out for later study.

The program also permits the user to search for inter-
mittent faults. If the program counter and LOOP values
are not equivalent after any pass, the main processor
continues to exercise ICE 2 while ICE | keeps running.
Since this process could go on indefinitely if the fault
were particularly infrequent, a KILL command is provid-
ed that lets the user exit a test routine and return to the
host environment. The record prior to the KILL com-
mand is available in trace memory for diagnosis.

For real

Multi-ICE software has proven invaluable in simplify-
ing designs using Intel products such as the iSBC 80/30
single-board computers. For example, consider the case
where the iSBC 80/30 is used for processing and sends
the result to a light-emitting-diode display located on
another board.

The iSBC 80/30 uses its 8085 to execute applications
programs and its 8041A to control a seven-segment
driver for the LED display. In essence, the 8041 A reads
ASCII characters sent to its data-bus buffer by the 8085,
decodes them, and formats them for display. Therefore,
when the wrong character is shown, it is necessary to
determine if the problem lies in the 8085, the 8041, their
firmware, or the link between them.

This determination can be made by replacing both
processors with their respective ICE modules, storing
their source programs in the Intellec system’s random-
access memory, and running an emulation of the target
system’s operation. If the problem does not recur after
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—8541

ISIS 11 MULTH-ICE 85/41

* ACTIVATE PR2
LOAD 41PROG.AGX
GO FROM IBFULL
ENDACTIVATE

* ACTIVATE PR1
LOAD 85PROG.DBG
* . DEFINE .CHAR=0
REPEAT
RB = .CHAR
. GO FROM .XMIT TIL .THEND
.CHAR = .CHAR+1
COUNT 15000
.  ENDCOUNT
WHILE .CHAR <= OFFH
ENDREPEAT
ENDACTIVATE

(a)

; Define system being emulated

. Execution list for PR2 (the 8041) loads program and emulates

; Load 8085 program
; Define Emula variable, CHAR

: In each loop, register B = CHAR
, Emulate the 8085 program
; Increment CHAR

: Timing count

: Repeat loop for CHAR through 255

IBFULL: SEL RB1 : Enter CHAR from data-bus
tN A,DBB buffer, wait until received
; Decode and display routine
borrowed from application code
CNTNU: NOP ; Send acknowledgment of receipt
to 8085
JMP  IBFULL ; Loop indefinitely

(b)

; On entry, register B contains the character to be displayed

XMIT MOV A, B ; Move register B to register A
OUT O0AOH  ; Send register A to port AQyg
READY: IN O0A1H  ; Enter port Al,g to register A
ANl 02H , Has the 8041 acknowledged receipt?
JNZ  READY No, not yet
THEND: HLT - Yes

(c)

the emulation is run repeatedly, most probably it was
due to a faulty processor or memory chip. Replacing the
chip should fix the problem.

If the problem does recur, the user can eliminate these
possible sources of error and concentrate on the actual
communications link between the processor. This can be
done by using Multi-ICE software along with designer-
generated programs that check for hard (consistent) or
soft (intermittent) errors. For finding hard errors in the
aforementioned system, the programs shown in Fig. 3
may be used.

Hard errors, easy solution

Program (a) in Fig. 3 is another example, similar to
that in Fig. 2 and showing control of the emulation
through the keyboard. The commands from ACTIVATE
PR2 to the first ENDACTIVATE create an execution list for
the 8041A’s emulator. In this example, the 8041 A ICE is
ICE 2. On entering the ENDACTIVATE command, the
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3. it it’s hard. The three programs above let users find hard errors in
the transmission of numbers from an 8085 to an 8041A on an iSBC
80/30 single-board computer. Program (a) sets up the ICE-85 and
—41A to perform programs (c) and (b) respectively. The COUNT
15000 instruction in (a) gives the user time to examine the display to
see if the correct number appears.

main processor sends this list to PR2, which then begins
to control ICE 2.

The list tells ICE 2 to load the 8041A program from a
disk file named PROG. AGX into the ICE-41A and make
the ICE module begin executing it. That program,
entered onto disk by the user, is shown in Fig. 3b.
Basically, it tells the emulator to read a character from
its data-bus buffer (DBB), decode and display it, send an
acknowledgment to the 8085 emulator, and repeat the
operation. This program, which is activated by the main
processor, runs to the IN A, DBB line, at which point it
waits for a character input from the other emulated
processor.

Meanwhile, the main processor, having returned to the
host environment, reads the next command, ACTIVATE
PRI, which takes it into the EN1 environment. As in
EN2, the commands from ACTIVATE PR1 to the second
ENDACTIVATE create an execution list, here for the
8085’s emulator.

As for the first execution list, this list is sent to PR1
when the main processor enters the ENDACTIVATE com-
mand. ICE | then loads the program shown in Fig. 3c,
noting that the term CHAR has been defined as the value
stored in register B of the emulated processor, which is
initially zero. The program runs from XMIT to THEND,
whereby it reads the character value stored in register B,
then writes it to port AQ,¢’s data-bus buffer, whence it is
transmitted to the waiting 8041A emulator’s. It then
loops until it receives an acknowledgment from the
8041A emulator, after which it halts.

After each character is sent and acknowledged, PR1
updates the value of CHAR by 1, and waits for a count of
15,000. It does so until the final character, OFF, in a
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* DEFINE MACRO CHARRANGE
* . REMOVE SYM .CHAR
* . DEFINE .CHAR = %0
* . REPEAT
* . RB=.CHAR
: SS AFRRSZ';..{):&II ;{:IIL LS LS 4. If it's soft. In order to find soft transmission errors on an iSBC
¥ _ WHILE .CHAR < = %2 80/30, program (a) defines a .macrf)command, CHABRANGE, that
% _ ENDREPEAT causes numbers to be transmitted in a nonconsecutive sequence.
* ENDM Program (b) substitutes for the PR2 list of program 3a, halting the
(a) test when the sent and received numbers do not match.
* KILL PR2
* ACTIVATE PR2
* . DEFINE .MISMATCH=0
* . REPEAT ;
* . GOFROM.IBFULL TIL .CNTNU ; Read and display character
* .. IF DBB<>PR1.CHAR ; If character read is wrong
* .. THEN .MISMATCH =1 ; Then MISMATCH = 1;
* .. ELSE ; If not, acknowledge receipt
* .. ENDIF :
* . WHILE .MISMATCH=0 ;1f MISMATCH = 1, loop ends
* .. ENDREPEAT :
* . ENDACTIVATE
{b)

string of 256 has been sent. Thus it transmits in sequence
all characters that the target system can display.

Introducing the 15,000-count wait between character
transmissions gives the user time to examine the display
visually to see if the character transmitted is the correct
one. If it is not, he or she can enter a KILL command and
examine the trace to see what went wrong.

Not hard enough

Although stepping through characters one at a time at
slow speeds will permit hard, or repetitive, errors to be
detected visually, stepping through 256 characters in
sequence will probably not reveal an intermittent failure.
Therefore, if the error does not appear after the first test
is run, the test can be modified to display characters
more rapidly in a variety of sequences and to halt
automatically when one is found.

To modify the test procedure, the user first defines a
macrocommand named CHARRANGE, which will make
PRI instruct ICE 1 to transmit various sequences of
characters. This macrocommand, defined in Fig. 4a, has
three parameters that must be defined by the user each
time it is employed: %0, the first character to be
displayed; %1, the increment between characters; and
%2, the last character to be displayed. After it is defined,
all the user need do is write the command CHARRANGE
followed by the appropriate values for %0, %1, and %2
for the sequence to be executed by the 8085. There is no
need to put the statement in an execution list, since the
main processor in the host environment assumes that any
single command not in a list is for PR1—here the 8085.

Note that although the CHARRANGE command is
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defined to do essentially the same task as the original
PR1 execution list, it differs in four ways:

® The load statement is omitted because the 8085 pro-
gram (Fig. 3c) is still loaded from the first test.

® A REMOVE statement has been added to delete CHAR
so that DEFINE CHAR will not result in a duplicate-
symbol-definition error.

® The initial, incremental, and ending values of CHAR
are taken from the macrocommand rather than being
fixed at 0, 1, and OFFs.

® The count loop has been dropped, since the error will
be detected by the system rather than visually.

Along with the CHARRANGE command, a new execu-
tion list for PR2 is needed to automatically capture
errors. The list (Fig. 4b) begins with a KILL PR2 state-
ment in order to get rid of the old execution list that PR2
is still running.

The new PR2 execution list defines a variable Mis-
MATCH, which initially has the value 0, and enters the
loop from REPEAT to ENDREPEAT. In this loop, the
routine of Fig. 3b is run until the label CNTNU. Before
going further in that program, the value in the data-bus
buffer compared with that of PR1’s CHAR.

If they match, CNTNU is performed to acknowledge
proper receipt of the transmitted character, and the
routine continues to loop until the last character defined
by the CHARRANGE command is transmitted. If they do
not, the MISMATCH value is changed to 1, which termi-
nates the loop and the execution list. By examining the
trace record stored in ICE-41A (ICE 2), the processor’s
status for the last 256 instructions can be viewed. Evi-
dence of what went awry should be in those records. []
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Designer’s casebook

Voltage-controlled integrator
sets filter’s bandwidth

by Henrique Sarmento Malvar
Department of Electrical Engineering, University of Brazilia, Brazil

Because it uses operational transconductance amplifiers
as electrically tuned integrators for selecting a state-
variable filter’s center frequency and bandwidth virtu-
ally independently of one another, this circuit is ideal for
use in music and speech synthesizers that require indi-
vidual voltage-controlled setting of these parameters.

As shown, input signals to be processed are applied to
transconductance amplifier A,, whose bias current is
derived from voltage-to-current driver AsQs. The bias
current, in turn, is set by control voltage V., which
ultimately determines the filter’s center frequency. In
general, Ip.. = V./2Ry,.

Placing the capacitor C, across the output of the
operational transconductance amplifiers A, and A, con-
verts the two-stage network into a noninverting integra-

tor, the transfer function becoming V,(s)/Vi(s) = k/s,
where k is the 3080’s transconductance factor k’/C, and
transconductance k' as given in its data sheets is k' =
19.2 lua.. Substituting for I, V.(s)/Vi(s) 19.2
V./sRC..

Placing integrator A; in the feedback loop of A, and
A; equips the basic filter with the capability to control
bandwidth. As seen from inspection of the circuit:

V.(s) = Rll IRZ“R)”R‘[VII{(?) +Vly{(35) +V|l,{f5)]

where the low-pass function is given by:

V[_p(S) = (kz/S)zv;(S)Re/(Rs + Re)
and where V,(s) = —k,V,(s)/s. Constants k, and k; are
given by:

k| =192 Vs/R7Cs

kz = 192 V,.,/2R||C,.,
and the bandpass function, Vgs(s), equals —k,V ,(s)/s.
Assuming R| = R3 = R4 = Rs = R’ and Rz Re

R, with R”/R’ a<<], it follows that
R[|R4{R3j|Rs = R.. Substituting the appropriate quanti-
ties back into all the above equations, it is seen that:

Vie(s)/Vi(s) = —1/[(s/we)*+ (B/w,)(s/w,) + 1]
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ductance-amplifier integrator in feedback loop of similarly wired
stages lets state-variable filter set center frequency and bandwidth
electrically. Bandwidth and frequency settings are virtually indepen-
dent of one another. The circuit thus becomes extremely attractive
for music and speech synthesis applications.
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Ver(s)/Vi(s) = —(s/wo)/ [(5/we)? + (B/wo)(s/ws) + 1]

where the resonant frequency and the bandwidth are
given by:

wo(rad/s) = ak, = 19.2aV./2R,,C,

B(rad/s) = ak, = 19.2aVy/R,Cs

Parameter a should be near 0.01, to ensure the best
compromise between distortion and signal-to-noise ratio.
The bias current of the operational transconductance
amplifier should not be more than 500 microamperes. [J

Dc-coupled trigger
updates quickly

by Andrzej M. Cisek
Electronics for Medicine, Honeywell Inc., Pleasantville, N. Y.

Two operational amplifiers and a few components build
this broadband trigger, which is absolutely immune to
the problems created by dc offset and base-line wander-
ing. A self-adapting stage for maintaining a constant
level of hysteresis, as well as dc coupling at the input,
permits a low-cost yet superior performance over a wide
range of input signals that makes the circuit very attrac-
tive for biomedical applications.

Input signals are applied to the LM307 amplifier, A,
through charge-storage network D,D;RR,C (a). Diodes
D, and D; quickly charge capacitor C to the peak of the
input voltage (less one diode drop) and minimize C’s
discharge until the signal falls more than two diode
drops below the peak voltage.

The output of A, is then compared with the original
signal at A,. The amount of hysteresis is set by constant-
current source Q, and Q,, two p-channel field-effect
transistors wired as diodes in A;’s positive feedback loop,
and R;. Q, and Q; ensure that the level of hysteresis is
maintained virtually constant for any dc offset at the
input. Resistor R, provides a zero level for input signals
whose amplitude is smaller than one diode drop, and R,
protects the input-signal source.

Such an arrangement has a reliable triggering level
and responds fast, its speed being limited only by time
constant (Rp,2+ R,)C. This time constant can be easily
adjusted to meet the requirements of practically any
application.

As for the circuit’s use in medical electronics, consider
the two cases illustrated in (b) and (c), where a cardiac
signal representing heart rate is superimposed on the
respiratory (breath) signal. Depending on the trigger
level, either heart rate (b) or respiration rate (c) may be
counted.

Designer's casebook is a regular feature in Electronics. We invite readers to submit originat
and unpublished circuit ideas and solutions 1o design problems. Explain briefly but thoroughly
the circuit’s operating principle and purpose. We'll pay $50 for each item published.

4;4FIC

(a)

= OUTPUT
0, k ONE-SHOT

s

I +

o 02
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R, R3 a, a,
Vin R| 1k§2 L—Wq 9
—— AN 1k Ay, Ag: LM307
@ 100 &$2 +

2 X E500

(b}

(c)

Flat. Trigger (a) maintains switching level over a wide band of frequencies and input-signal amplitudes. Operation is independent of input dc
offset and problems created by basefine shift. Directly coupled arrangement at input contributes to circuit’s high-speed response. In
biomedical application. trigger switches on superimposed signals produced by heart rate (b) and respiration rate (c).
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CRYSTAL 1
CLOCK ;
OSCILLATORS.

A New ONE-STOP
Logic BoardTester...

The 3PX680

This high speed functional tester can

help you...

e Cut your production costs by testing fully
assembled logic boards...including
microprocessors, memories and oscil-
lators.

Reduce total test time by certifying and
troubleshooting complete PC boards at
one station, with one test.

* We have more than 50 standard frequencies

» We can ship within 48 hours from receipt of
your order (effective August, 1980).

* All Oscillators feature hermetic D.I.P
Packaging.

* Included are direct replacement for 16
manufacturers, such as the following series:
K1100, MX0, X0, M1100, HS, CM, BW, 1300,
7400, and QT

Improve quality by dynamic testing at . : .
full operating speeds. Specify these Hytek Part numbers:

Lower field service repair costs by | TTL  |HY 4550 - 250KHZto75MHZ
troubleshooting returned PC boards with CMOS|HY 4560 - 600HZto5MHZ
factory test programs. Z80(A)|HY 4580 - 4 MHZ

And, check these features:

20 MHz test rate ——— —
Autolearn on-line test programming
Signature analysis probe for digital
waveform verification

hytek Microsysiems

incorporated

16780 LARK AVENUE, LOS GATOS. CALIFORNIA 95030
PHONE (408) 358-1991 TWX 910-597-5393

Tester synchronization to PC board clock !
And...oh yes, your 3PX680 is fully L
compatible with the 3PX500 tester and
test programs.

- For total test capability, rely on Three
Phoenix Company ...a leading manufactur-
er 144 n e ( on t'

Circle 147 on reader service card

The NEWEBG
isnow available!

e Ty A
Yes, please send me copies of |
1980 EBG. i

[0 I'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. Address: EBG, Shoppenhangers
Road, Maidenhead, Berkshire S16,

| 2Q1 England.
Name
Company
For further
information, contact: ,:5 StrectEm
THREE PHOENIX COMPANY City
21639 North14th Avenue/Phoenix, Arizona 85027 St .
State Zip ___ Country

(602) 242-6300
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Serial-to-parallel converter
decodes width-modulated BCD

by William D. Kraengel Jr.
Valley Stream, N. Y.

Converting a binary-coded-decimal pulse train into its
parallel equivalent is normally straightforward, unless of
course, the signal assumes the form of a pulse-width-,
pulse-code—, or pulse-position-modulated data stream.

In data-processing cases where the stream is encoded by

means of pulse-width modulation, however, this simple
4-bit decoder will serve well in performing the serial-
to-parallel transformation.

The MC14538 one-shot, A,, and the CD4015 4-bit
shift register, A,, form the central part of the decoder,
serving as the timing and storage elements. As can be
seen from the schematic and the timing diagram, the
BCD input data is grouped into 5-bit cycles, with bit 5

being the framing pulse. A, must generate a pulse width
of t,w = RC = 'A(t;+1t2) when triggered, and one-shot
A, has a very small triggering time of t, = R,C, = 10
microseconds, where both times are defined as shown in
the timing diagram.

The firing time for A, must be selected to correspond
to the input frequency of the serial BCD data. Under this
condition, the one-shot is triggered by the negative edge
of each serial input data bit, and if the serial input data
line is low at the time the one-shot times out, a logic O is
introduced into the shift register. On the other hand, a
logic 1 will be read into the shift register if the input
data goes high by the time A, times out.

Shift register A; serves as a counter, acting to disable
A, and enable quad latch As and one-shot A, during the
framing pulse. The valid data from A, (which is
inverted) is latched into As as A, times out during the
framing pulse. Simultaneously, A is triggered so as to
generate a data available/reset strobe signal for any
peripheral control circuitry. The parallel equivalent BCD
data and its inverse are available at the outputs of quad
latch As.
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Data

Communications
Books.

McGraw-Hill's Compilation of
Data Communications Standards

Presents all 89 user-relevant data communications standards
promulgated by CCITT, ISO, ANSI, EIA, and U.S. FTSC. Also
includes descriptions of the
standards organizations, plus
relational charts of similar
interfacing standards produced by
different groups. Edited by Harold C.
Folts and Harry R. Karp. 1133 pp.,
clothbound, $165.

Data Communications
Procurement Manual

The most authoritative and current
information you need to turn data
communications procurement into

a smoothly running, cost-effective
operation. Includes sample
solicitation clauses and forms,
specification checklists on 38 devices,
and 8 useful appendixes. By Gilbert
Held. 150 pp.,clothbound, $24.50

Practical Applications of
Data Communications:
A User’s Guide

Articles from Data Communications S
magazine cover architecture and -
protocols, data-link performance, —
distributed data processing, software, \ T
data security, testing and diagnostics, \
communication processors, and
digitized-voice and data-plus-voice.
424 pp., paperback, $13.95

Basics of
Data Communications

This compilation of essential articles
from Data Communications mag-
azine includes chapters on terminals,
acoustic couplers and modems,
communications processors,
networking, channel performance, data-link controls,
network diagnostics, interfaces, and regulations and policy.
303 pp., paperback, $12.95

Order today, using this coupon!

T e
Electronics Magazine Books ! i

| P O. Box 669 el
Hightstown, NJ 08520 sni

Tel. (609) 448-1700, ext. 5494
I Please send me. ..
copies of Data Communications Standards @$165.
I copies of Data Communications Procurement Manual @ $24.50
I ______copies of Practical Applications of Data Communications @$13.95
copies of Basics of Data Communications @ $12.95

Name Title

Street/P.O. address

City/ state/zip OBillme O Bill my company
Payment enclosed (payment must accompany orders under $25)
Ten-day money-back guarantee applies on all books. EL

I
I
I Company
I
I
I

This whodunit happens all the time.
By the time the office copy of Electronics
Magazine gets to your name on the routing slip,
a page is missing. Or maybe the reader service
cards. Or an entire articie has been clipped.
Sometimes you never get the magazine at all.

Other times the magazine is (glory be!)
intact. But dogeared. Or otherwise abused. Or at
the very least, you get it late.

0K, we'll grant that a second-hand,
third-hand, or maybe seventh-hand copy of
Electronics is better than none. But it's no
substitute for the copy that comes directly
to you—to your home if you wish—with
up-to-the*minute news and information of the
technology in this fast-moving field.

To get your very own subscription to
Electronics send in a subscription card from this
magazine. And if they are missing, write to
subscription department, Electronics,
McGraw-Hill, 1221 Avenue of the Americas,
New York, N.Y. 10020.

Electronics Magazine.
The one worth paying for.
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64-K RAM rebuffs
external noise

Circuit design reduces data-pattern sensitivity and problems caused by
power supply fluctuations; polyimide coating foils alpha particles

by H. Katto, H. Kawamoto, K. Mitsusada, and K. Itoh, HitachiLta., Tokyo. Japan

[J The 64-K dynamic random-access memory is present-
ing challenging targets to device and circuit designers.
Its storage cells are about half as large as those in its
16-K predecessor and one power supply must suffice
instead of three. The 64-K RAM must also provide high
speed and low power dissipation and, of course, a capac-
ity four times as great as that of the older memory.

Reducing the amount of stored charge and limiting
the source of power to a single + 5-volt supply leaves a
memory open to the effects of externally generated noise.
This noise can take the form of a particular input data
pattern, fluctuations or bumps in the power supply,
overshoot on input signals, and alpha radiation. In the
HM4864 64-K dynamic RAM, these potential error
sources are not only taken into account, but they are also
substantially subdued through proper circuit design and
layout. Alpha particles, too, are kept at bay through the
right choice of a protective coating material.

Low cost is without doubt the most significant attrib-
ute of a successful dynamic RAM. The goal is to get the

greatest number of good chips from a silicon wafer for
the lowest per-bit cost. The highest yield stems from the
smallest die, yet the chip should be as large as possible
for maximum memory cell dimensions. One restriction is
that a 64-K RAM has to be smaller than 50,000 square
mils if it is to be mounted in a standard 16-pin, 300-mil
dual in-line package. Inevitably, then, to get the neces-
sary density—65,536 bits—each memory cell must be
reduced to about half the size of those in a 16-K dynamic
RAM. The availability of just one power supply com-
pounds the difficulty of storing and sensing this smaller
charge packet.

Laying out for noise

The high signal-to-noise ratio of the 4864 is achieved
in part through the adoption of an aluminum folded
bit-line scheme. This reduces bit-line capacitance from
that of the traditional diffused approach. But metal bit
lines demand the use of polysilicon for the word lines.
The memory array is therefore subdivided into eight

I e Lopth T FRS AL ACAT RN SR AASIU AT a0 e 5 TN oA LoV

1. Reliably yours. The HM 4864 64-kilobit dynamic RAM stands up to externally generated noise. A higher signai-to-noise ratio is realized, in
part, through a folded metat bit-line layout. To avoid long polysilicon word lines, the memory is broken into eight sections.
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2. Veema tost. In the Ve, test, the device is stressed by lowering its
power supply to a value just above that required to support normal
operation. The results shown in the figure above indicate a consisten-
cy in the cell-to-cell behavior of the device.

sections to minimize word-line delay, which is propor-
tional to the square of the length of the word line (see
Fig. 1).

With the diffused open-bit-line layout popular in the
16-K dynamic RAM, noise on either bit line creates an
imbalance that may cause an error in memory-cell signal
detection by the sense amplifier. In the folded-bit-line
structure, the common-mode noise cancels itself out
since each word line crosses both bit lines with the same
row (or X) address. The configuration also minimizes
substrate noise coupled to the bit lines through junction
capacitances.

Testing for noise

The best way to prove that the 4864 is insensitive to
circuit noise is to perform Vecmin and Ve bump tests, as
they are called, using various input data patterns. Dur-
ing the Vccmin test, the supply voltage is reduced to a
value slightly above that required for proper operation.
With the Vcc bump test, the data patterns are applied
while the supply is varied from a minimum to a maxi-
mum value.

Figure 2 shows Vccmia test results using several data
patterns. With N-type test patterns, the number of read
and write operations required to perform the test grow in
integral multiples of the number of bits in the memory.
With N32 patterns, testing complexity grows more rap-
idly because the exponent exceeds unity.

For the all-0/1 pattern named in the figure, each
memory location is first written with a 0; then each
location is read out and its data verified. After this, each
cell is written with a 1 and similarly verified. With the
stripe pattern, odd rows are filled with Os and even rows
with 1s. Then this data is verified. Next the even rows
are filled with 1s while the odd rows are loaded with Os.
Again the data is checked. Finally, this entire process is
repeated for the columns in the memory.

Even without a detailed description of each specific
pattern, the test results can be appreciated. In Fig. 2, for
the Vcemin test, the lines should be horizontal; this reveals
a consistency in the cell-to-cell behavior of the device.
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3. Bump test. For the results shown above, the chip was subjected
to the Vec bump test. In this test, the power supply voltage is
changed between read and write operations. Ideal results would all lie
on the solid diagonal; the points above come close.

Also, uniform pattern sensitivity is always good news for
the test engineer, since with N-type patterns the tests
can often be performed in less than a second, whereas
N3 tests for a 64-K RAM take several minutes.

The results of the Vcc bump test can be even more
revealing. For this test, within a 2-millisecond time peri-
od, the chip’s supply voltage is changed from that for a
read cycle to that for a write cycle. More specifically, the
worst-case test conditions present the highest possible
voltage during the read operation and the lowest value
for writing, with Os being written into the memory.

Figure 3 shows how about 20 arbitrarily chosen sam-
ples stood up to the Vcc bump test using 4.5 volts as the
minimum level of the supply voltage. Ideally, all the
results would lie along the 45° solid diagonal line, indi-
cating little deviation in sensitivity between the N and
N2 patterns. This goal was not met but the spread is
inconsequential: the worst-case difference in writing and
reading voltages—Vcc—is 0.4 v for the N32 patterns,
and the difference in Vcc between the N2 patterns and
the N patterns is less than 0.3 v. Had a traditional
open-bit-line approach been adopted without an opti-
mized circuit design, there would have been a much
greater difference—possibly twice as great—in the
results obtained for the N and N¥2 patterns.

Substrate biasing

A negative substrate bias voltage, Vgs, whether it is
external or on chip, is desirable because of its higher
speed and stable circuit operation. This negative poten-
tial also helps to keep the chip’s operation immune to
statistical scattering of threshold voltages, which can
occur during manufacturing. The higher speed is a result
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Parameter Symbol

HM4716A-3 | HM4864-3 |HM4864-2
Access time from row
address select, RAS 'RAC 200 | %0
Cycle time tac. tRwe 375 335 270
RAS precharge time tpe 120 120 100
Delay from RASto |
write enable, WE tawo ‘ 160 145 110
Write command to ‘ |
RAS lead time tawL 80 55 | 45
Delay from RAS to . ‘
column address_
setup time, CAS trco 30/65 25/65 20/50
RAS setup time tasr 0 0 0
Row address hold
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4. On-chip bias. Like most 64-K RAMS, the HM4864 incorporates
an on-chip substrate bias generator. It is composed of a five-stage
oscillator and Vgs is set to about —3 volts whether the chip is in
standby or operation. The generator consumes very little power.

of reduced junction capacitance.

With a substrate bias, the negative undershooting of
the TTL input signal (—2 V) can be safely tolerated. The
biasing also prevents the reduction of the memory cell’s
data-retention time, which is caused by the undesirable
electron injection from the bootstrap capacitances in the
peripheral circuitry. Further, with an on-chip generator,
as the Ve power supply voltage varies, the level of Vg
will automatically adjust for stable circuit operation. At
deeper Vs biases, threshold voltages are less dependent
upon Vg or Vss, which leads to more stable operation of
inverter circuits in the chip’s periphery.
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5. Packaging matters. The soft-error rate of a dynamic RAM
depends primarily on the stored charge, regardless of the circuit
design techniques adopted for the memory. Soft errors go up as cell
charge is reduced; a side-brazed ceramic package is best.

The 4864’s substrate bias generator is composed of a
five-stage oscillator; Vpp is set to about —3 v whether
the circuit is on standby or in operation (see Fig. 4).
Despite its ability to maintain the desired bias, the
generator scarcely contributes to the chip’s overall stand-
by current consumption —typically under 2 ma.

Designing for timing and speed

The basic requirement for the timing and speed specif-
ications of a 64-K dynamic RAM is compatibility with—
and, if possible, improvement upon—those of existing
64-K parts. Without detailing every timing specification,
The table shows important differences between the 4864
and the HM4716A-3 16-K dynamic RAM.

In the (preliminary) specifications of the 64-K memo-
ry, trwp and trw and the cycle times tpc and tpwc are
much shorter than those for the 16-K device. The cycle
times trc and trwc are approximately equal to trac+tre
and trwp + trwL + tre, respectively, with some margin
to include the transition times of the pulses. Therefore,
the improvement in cycle time trwc is due to the shorten-
ing in the delays of trwp and trwe. (These time periods
are defined in the table).

In addition to these key specifications, no timing char-
acteristics of the 4864 are inferior to corresponding 16-K
specifications. All in all, the 4864 is more than fast
enough to replace existing 16-K dynamic RAMs with the
same access time. The introductory access time of the
64-K device will be 200 nanoseconds. This will be
followed later by 150-ns and then 120-ns chips, just as in
the case of 16-K RAMs. Also, nothing more than power
supply modification and the provision for one more
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6. Bad bits. For a large 10-megabyte system, the use of 64-K RAMs
having a failure rate of about 105 FIT gives double-bit errors on about
a yearly and single-bit errors on about a daily basis. To stay below
1,000 FIT, cell capacitance must not be smaller than 0.07 pF.

address signal is needed for designs based on the newer
memory device.

It is now known that uranium and thorium isotopes in
packaging materials—be they ceramic metal, glass, or
even plastic—emit an alpha particle (a helium nucleus)
on a daily to weekly basis. These cause soft errors but no
permanent damage. They are detectable even in existing
16-K dynamic RAMs that use 12-v Vy, supplies, but
single-supply 64-K RAMs are far more susceptible. The
charge stored in the memory cell is reduced because the
cell is smaller and because a lower voltage is available
for the top plate of the cell capacitor.

Protective coat

Without a protective coating, the soft error rate of a
dynamic RAM depends primarily on the stored charge
(oxide capacitance multipled by an effective voltage
equal to or smaller than V¢c) in the memory cell regard-
less of the layout and circuit design philosophies adopted
for the memory. Figure 5 shows how soft errors increase
as the charge on the memory cells is reduced.

Figure 6 shows the worst-case mean-time-between-
failure (MTBF) rate of a memory system with and with-
out error-correcting code (ECC). It is assumed that the
ECC can correct a single-bit error out of 72 bits and that
any 2-bit errors will be detected. Worst case means that
the data written into the memory is continuously read
with a minimum cycle, with no intervening write or
read-modify-write cycles. For a large 10-megabyte sys-
tem, the use of 64-K dynamic RAMs having a soft error
rate of about 10° FIT results in yearly double-bit errors
and daily single-bit errors. (FIT stands for failures in
time. One FIT equals 10-° errors per hour.)

Assuming that a tolerable soft-error rate is 1,000 FIT
or 0.1%/1000 hr (though this may still be unsatisfactory
in some situations), with a side-brazed ceramic package
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7. Overcoat. A direct way to halt alpha particles is to coat the
memory with an organic material such as polyimide. A 45- to 55-
um-thick layer of Hitachi's polyimide —PIQ—should reduce the fre-
quency of soft errors —theoretically, by a factor of 1,000.

cell capacitance must not be smaller than 0.07 pF. This
must be so even if the threshold voltage loss of the
transfer MOS transistor is eliminated and full Vcc-level
signals are written into and read from the cells.

One way to combat alpha particle problems is to
introduce new circuit techniques that increase the
amount of stored charge. There is another, more direct
approach to soft errors, however. A 45- to 55-microme-
ter overcoating of a contamination-free organic material
such as polyimide reduces the energy of incoming parti-
cles. Theoretically, assuming that the memory cell is
insensitive to alpha particles with an energy of less than
about 2 million electron volts (MeV), this should reduce
the error rate appreciably, perhaps by a factor of 1,000.
As Fig. 7 shows, to obstruct an alpha particle of the
highest possible energy (8.8 MeV from thorium) about a
70-um layer of polyimide is needed.

The polyimide developed by Hitachi, called P1Q, is
pure enough to contain no detectable amounts of urani-
um or thorium. (PIQ is the abbreviation of the chemical’s
full name, polyimide isoindoloquinazolinedione.) Long
experience in using PIQ for large-scale integrated appli-
cations has shown that the material exhibits the proper
rate of expansion for use not only with silicon but with
silicon dioxide, aluminum, and gold.

For maximum suppression of alpha particles it was
also discovered that the aluminum deposited for metal
interconnections should be contaminant-free. Thus, for
the smallest number of soft errors in the 4864, the PIQ
organic overcoating is used with ultrapure aluminum
and a side-brazed ceramic package. O
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Thermoelectric heat pumps
cool packages electronically

Decreased costs and improved reliability of these solid-state modules
warrant a new look at a versatile thermal management technology

by Dale A. Zeskind, Consuitant to Cambriage Thermionic Corp., Cambridge, Mass.

{0 As the packing density of integrated-circuit—chip
packages continues to soar, the heat dissipation in equip-
ment grows proportionally, making heat management of
electronic systems vital to the design engineer. The
improved and cost-efficient thermoelectric heat pump—
a fully electronic module that can heat or cool a compo-
nent or group of components —represents a versatile and
available thermal management tool that engineers can-
not afford to overlook.

Thermoelectric heat pumps are solid-state devices
with no moving parts. With a suitable electrical power
input, they pump heat from one side of the device to the
other. Available in a variety of shapes and sizes, they
provide one of the few means to cool objects to well
below ambient temperatures. In addition to cooling,
thermoelectric (TE) devices can generate heat and elec-
tric power. Some typical devices, or modules, are illus-
trated in Fig. 1.

Renewing interest

TE devices were originally developed during the 1960s
to meet exacting, bulky, and expensive military and
aerospace temperature-control applications. When they
failed to compete economically with conventional elec-
tromechanical cooling techniques for mass applications
(such as home refrigerators), most large companies, and
industry in general, lost interest. Since then, they have
found use primarily in special-purpose applications, such
as cooling infrared detectors and maintaining sample
temperatures in blood analyzers.

Throughout the 1970s, thermoelectric devices suffered
from a distinct lack of promotional effort. Most recent
graduates know little about them, though more experi-
enced engineers remember the difficulties that plagued
them during the 1960s. Recently, however, the following
important developments have shown that thermoelectric
cooling deserves closer examination by today’s design
engineers:
® TE device cost has fallen dramatically. A typical cool-
ing module that sells for from $20 to $30 today sold for
over $100 in 1975. (These figures are for quantities

1. Electronic heat pumps. These thermoelectric modules are solid-
state electronic heat pumps. With a suitable electrical power input,
they actively pump heat from one side of the device to the other and
can cool objects to well below ambient temperatures.
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2. TE operation. In a single thermoelectric couple (a), application of suitable electric current causes heat to be pumped from cold object to
heat sink. Several of the TE couples in (a) can be connected electrically in series and thermally in paralle! (b) to increase capacity.

below 10 and have not been adjusted for inflation.)

® TE devices are now available in a wider variety of
shapes and sizes for a much wider variety of applications
than before.

® Device quality, reliability, and delivery time have all
improved greatly.

Peltier effect

At the foundation of today’s thermoelectric heat
pumps is the Peltier effect. In 1834 Jean C. A. Peltier
discovered that the passage of an electrical current
through the junction of two dissimilar conductors can
either cool or heat the junction depending on the direc-
tion of the current. Heat generation or absorption rates
are proportional to the magnitude of the current and
dependent on the temperature of the junction.

Figure 2a shows a simplified schematic of a single
thermoelectric couple. The thermoelectric modules of
Fig. 1 consist of many such couples connected electri-
cally in series and thermally in parallel (Fig. 2b). The p-
and n-doped semiconductors form the elements of the
couple and are soldered to copper connecting strips.
Ceramic faceplates electrically insulate these connecting
strips from external surfaces. In most thermoelectric
modules, doped bismuth telluride is the semiconductor
material. For high-temperature applications, however,
lead telluride is often used.

At open circuit, the TE module of Fig. 2a acts like a
simple thermocouple. A temperature gradient main-
tained across the device creates a potential across its
terminals proportional to the temperature difference,
AT. If AT is maintained and if the device is connected to
an electrical load, power is generated.

If, instead, the device is connected to a dc source (as

110

shown in Fig. 2), hcat will be absorbed at one end of the

TE module, cooling it while heat is rejected at the other

end, where the temperature increases. Reversing the

current flow reverses the flow of heat, so the module can

generate electric power or, depending on how it is con-

nected to external circuitry, heat or cool an object.
Thermoelectric heat pumps have found .use in a wide

range of applications, including the following, for which

other cooling and heating methods are undesirable:

8 Controlling temperature-sensitive electronic parame-

ters such as noise or bias current in instrumentation

operational amplifiers.

8 Cooling infrared and charge-coupled-device detectors.

® Maintaining sample temperatures in medical and lab-

oratory instruments.

® Laser-tuning through temperature control.

® Cooling photomultiplier tubes.

® Semiconductor testing (hot and cold wafer-holding

chucks).

® Cooling microprocessors and other devices operating

in industrial environments that have high ambient tem-

perature.

Figures 3 and 4 illustrate some of these applications.

Smooth control

Because they can be proportionally managed by a
control system that smoothly varies input current or
voltage, TE devices provide a unique tool for stabilizing
component temperatures in widely varying ambients.
Also, in contrast to electromechanical cooling systems
with on/off actuators, proportionally or servo-run TE
modules allow tighter stabilization of both thermal and
electric variations and transients.

Furthermore, the units can operate at up to 150°C or
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higher, even in a vacuum. Compared with electrome-
chanical cooling systems, the solid-state modules com-
bine reduced size and weight with long-term reliability
approaching that of other solid-state devices.

One of the better ways of designing in a TE module is
to work with parametric performance curves such as
those shown in Fig. 5. These transfer functions relate all
the important input and output parameters of the mod-
ule, including operating current, heat absorbed at the
cold side, the temperature difference between the hot
and cold sides (AT), and the module’s thermoelectric
efficiency.

In Fig. 2a, Q. represents the heat in watts absorbed at
the cold side of the TE couple and Q, is the heat in watts
rejected at the hot side. AT is the temperature difference
between the hot and cold sides. A coefficient of perform-
ance (COP) is defined as the ratio of Q. to electrical
power in. Since the TE device uses electrical power
primarily to transport rather than generate heat, under
some circumstances COP can even exceed 100%.

Figure 5 illustrates the performance graph for a typi-
cal module at a fixed hot-side temperature of Ty =
50°C. One set of curves relates Q. to electrical input
current, I, at various values of AT. The other set of
curves relates COP to I, again at various temperature
differences.

These curves illustrate several important aspects of TE
operation. First, it should be noted that temperature
differences between hot and cold sides of up to 60°C can
routinely be obtained. However, as the temperature dif-
ference increases, both Q. and COP decrease. In optimal-
ly adapting TE performance to particular applications,
the designer can use these performance curves in a
variety of ways. Several design examples are discussed
below.

Specification curves from competing manufacturers

Electronics /July 31, 1980

3. Device cooling. Ther-
moelectric devices can cool
electronic components to
control criticai parameters
such as noise or bias cur-
rent. In the photo, a TE
module is used to cool a
critical integrated circuit on
a pc board. Note the accu-
mulation of frost on this IC.

4. Cool instruments. Air-to-air thermoelectric heat exchanger cools
interior of sealed electronic instrument cabinet. Exchanger is
mounted through cabinet walt with its cold side facing the interior. TE
modules are sandwiched between two heat sinks.

are not always directly comparable. For instance, some
manufacturers evaluate their device performance in a
vacuum instead of air. Under these conditions, maxi-
mum AT can be 10% to 15% higher. Similarly, mounting
conditions during test should be carefully compared. If
the TE module is soldered to the test fixture heat sink, it
will perform better than it does with a thermal grease
and a mechanically clamped mounting.

Operating temperature ranges of competing devices
also tend to vary. Standard modules from some manu-
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5. Thermal performance curves. A typical thermoelectric module’s
performance curve relates the heat absorbed at the cold side, Q..
and the coefficient of performance, COP, to the operating current at
the fixed value of the hot-side temperature, Th.

facturers have a maximum T, of 110°C compared with
150°C for similar units from other manufacturers. The
devices’ electrical connection techniques differ as well.
§pecial bismuth solder must be used to connect to mod-
:ules from some manufacturers, whereas standard lead-
tin solder suffices for other manufacturer’s modules.

+

Design example

TE cooling becomes attractive when 200 w of heat or
less must be pumped in applications where some part of
the system has to be cooled to temperatures below
ambient. To increase heat pumping capacity, TE modules
can be connected side by side, thermally in parallel. To
increase AT they can be cascaded thermally in series, as
shown in Fig. 6.

An example is the case of an object that generates"

10 w of heat, where the designer wishes to maintain its
temperature at 30°C or lower and the ambient tempera-
ture is 40°C. Referring back to Fig. 2a, heat must be
actively pumped from the object that is to be cooled to
the heat sink by the TE module. T,, the temperature of
the heat sink, is higher than T,, the ambient air tempera-
ture. Therefore, the heat the module sends onto the sink
will flow out into the ambient by natural (or forced)
convection.

As a first step in solving any TE design problem, the
designer should calculate the total heat load, Qc, consid-
ering both active heating sources and a phenomenon
known as heat leak. Active heating sources are compo-
nents on the cold surface that generate heat —those that
dissipate electrical power, for example. Heat leak is
defined as the passive absorption of heat into the cold
surface from the warmer surrounding ambient and often
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6. Cascade. TE modules can be connected thermally in series to
increase AT. The copper pads visible on the top of the module allow
modules to be thermally connected by soldering. These copper pads
are not electrically connected to the semiconductor elements below.

represents a significant portion of the total heat load.

Calculating heat leak is a complicated procedure, in
which the TE manufacturer’s applications department
can offer assistance to the user. The major factors
involved in calculating heat leak are the temperature
difference between the ambient and the object being
cooled, the object’s surface area, and the thickness of its
surface insulation.

In general, heat leak is inversely proportional to insu-
lation thickness (as insulation thickness doubles, heat
leak is halved). In contrast, heat leak is linearly propor-
tional to the cooled object’s surface area. As surface area
increases, heat leak increases linearly.

The slope of the increase depends mainly upon the
magnitude of the temperature difference (T,—T.). For
instance, with a l-in. polyurethane insulation and a
temperature difference of 10°C, heat leak increases at a
rate of 22 w/1,000 in.? of surface area. With a tempera-
ture difference of 70°C, the rate is 73 w/1,000 in.2 of
surface area.

Total heat load, then, is the sum of the active heat
sources and heat leak. This example assumes active
generation of 10 w and a heat leak of 2 w, for a total
heat load of 12 W. Total heat load is designated Q.r.

Next, a designer must determine the required heat-
sink temperature. Selecting a base temperature, T,
determines the size and type of heat sink needed as well
as the number of TE modules necessary to handle the
heat load. As T, moves closer to the ambient air temper-
ature, T,, fewer modules and less electrical input power
are required, though a larger and more effective heat
sink is needed.

In this example, the heat-sink base temperature is
10°C above ambient, or T, = 50°C. Then T, = 50°C; T.
= 30°C or lower; AT = 20°C;and Q. = 12 W.
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To complete the design the following parameters must
be determined: input current, I; input voltage, V; input
power, P; heat rejection, Qu; the number of TE modules
that are necessary; and the heat sink required.

A designer has several choices in this example. He can
design for maximum Q. (heat absorbed) per module,
minimizing the number of modules required. He can

maximize COP, minimizing electrical input power. Or he .

can do a compromise or practical design. The table
summarizes the results of these three approaches for the
example under discussion.

Maximizing heat absorption

The first approach is designing for maximum Q. per
module and therefore for a minimum number of mod-
ules. From the performance curves of Fig. 6, with AT =
20°C, a maximum Q. of 12.5 W occurs at [ = 9 amperes
(point 1 on the curves). Since 12.5 W exceeds the
required Q.r of 12 W, only one module will be needed.

With AT = 20°C and I = 9 A, COP is 40% (point 2 on
the curves). The designer can then calculate power input
as:

P = Q./cop = 12.5/0.40 = 31.3w

Input voltage becomes:

V=P/I1=313/9=35v

Heat rejected at the hot side of the TE module, Q,, is
the sum of Q. and electrical power dissipated by the
module, P, or:

Q=Q:+P =125+ 313=438w

Finally, the required thermal resistance of the heat
sink is found from:

0 = (Ta—T.)/Qn = 10°C/43.8 W = 0.23°C/W

Maximizing COP

As a second alternative, the designer can choose to
maximize COP, which minimizes the electrical input
power required and reduces the heat sink requirements,
increasing the required thermal resistance.

From the curves of Fig. 6, for a AT of 20°C, a
maximum COP of 125% is found at I = 2.3 A (point 3 on
the curves). The corresponding Q. is 3.3 W (point 4 on
the curves).

The number of modules required to meet the total
heat pumping capacity of 12 w, Qcr, is:

N = Qa/Q. (per module) = 12w/3.3w = 3.6

Therefore, four modules will be needed. Next, the
total electrical power is calculated as:

P = (Q. [per module]/copP)(N) = (3.3/1.25)4
= 106w

When the four modules are connected in series, the
input voltage becomes:

V=P/1 =106/23 =46V
Heat rejection from the four modules is calculated as:
Qr = Qc (per module) X N+P = 3.3X4+10.6
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SUMMARY OF RESULTS FOR THREE THERMOELECTRIC

DESIGN ALTERNATIVES

Maximum Maximum ;
Parameter power coefficient of P:’ae(;};:‘al
| disstpation performance |
1 |
{nput current, | (A) 9 23 34
r-lnput voltage, V (V) 35 46 36
== i 4 4 —=
Input power, P (W) 313 [ 10.6 124
= — — "
Heat rejection, Qp (W) ‘ 438 238 254
Number of TE modules T 1 4 2
B - — 4 4 —
Required heat-sink thermal |
conductivity (°C/W) | 0.23 0.42 0.39

Finally, the heat sink’s required thermal resistance, 6,
is found from:

0 = Ty—T./Qy = 10°C/23.8 W = 0.42°C /W

Practical design

In the final approach, the designer may wish to com-
promise between the preceding alternatives in order to
accommodate some other system constraint such as volt-
age, current, or space availability.

For example, space constraints may allow the use of
no more than two modules. Each of the modules must
therefore pump at least half of Q.r:

Qe=Qa/N=12w/2=6W

With a AT of 20°C and a Q. per module of 6.5 W (and
a 0.5-w design margin), the curves of Fig. 6 predict
3.4-A operation (point 5 on the curves). At 3.4 A and a
AT of 20°C, cop is found to be 105%.

The total electrical power consumed by the module is:

P = (Qc/coP) N = (6.5/1.05)2 = 124w

With two modules connected electrically in series:
V=P/I1=124/34=36V

Total heat rejection is then calculated as:
Qn=QXN+P=65%2+124 =254w

Finally, the heat sink’s required thermal resistance is
found from:

0 = (Tw—T.)/Qu = 10°C/25.4 = 0.39°C/W

Mechanically, thermoelectric modules are only as
strong as the semiconductor materials used in their
fabrication. These units should never be designed as the
mechanical supporting members of an assembly, since
stress can damage them.

TE modules can be mounted in various ways. They can
be clamped between a heat sink and the object to be
cooled, or epoxied or soldered to a heat sink. Mechanical
clamping generally gives a more versatile mounting, but
soldering offers a better thermal connection.

In general, mounting surfaces should have a flatness
of better than 20.001 in. Furthermore, when mounting
several modules side by side, their thicknesses should
match to within 0.002 in. O
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Engineer’s notebook

Counter indicates when
its probe is compensated

by Dale Carliton

Tektronix Inc., Beaverton, Ore.

Using a scope probe with a counter or other measuring
instrument has a number of well-known benefits — name-
ly, it ensures minimal source loading, physical ease of
circuit connection, and minimum distortion of high-
frequency signal components. Still, matching the probe
to the counter’s input impedance to secure wideband
response can be troublesome, especially if the elements
needed to perform the standard compensation procedure
(a scope and a source of square waves) are not available
and the input impedance of the scope and counter are
not identical. Fortunately, the counter’s own input-
trigger circuit may be employed as a peak detector to
indicate that proper probe compenstion has been
achieved.

The equivalent input circuit of the typical 5% and
10X (attenuating) probe appears as in (a), where C, is
the ac coupling capacitor and C, represents the probe’s
compensating capacitance, cable capacitance, and the
input capacitance of the measuring instrument. R, is the
dc coupling resistance. R, is the instrument’s input
resistance. For flat response, the product of R; and C,

should be equal to the product of R; and C,.

Compensation is achieved by applying to the
probe/counter a 1-kilohertz square-wave signal having a
rise time of less than 100 microseconds. The amplitude
of the square wave should be as large as the counter’s
dynamic range will allow. The counter should be set to
trigger on the low-frequency components of the square
wave so that a reference level is established. Then the
probe’s compensating capacitor is adjusted so that the
counter will trigger on the highest-frequency compo-
nents of the signal.

Specifically, the counter should be set to the 1Xx
position. The counter’s function control is then set to the
frequency, period, or event position, so that the counter’s
display or input-trigger LED will indicate triggering
when the square wave is applied.

To establish the reference level, the probe is adjusted
so that triggering occurs in the waveform’s so-called
roll-off region. This is done by setting C, and the trigger
level in turn so that triggering occurs at the peak of the
acquired signal and at the minimum level required to
ensure consistent operation. The point at which this
occurs for a given trigger level is reached when an
increase or decrease in C, does not stop triggering. If the
acquired signal could be observed, it would appear as in
the illustration in (b).

For compensation at the high frequencies, the
response of the probe must be flattened (c). This is
achieved by setting the trigger level to a position where
triggering just stops or is erratic. C, is then adjusted to

Match. Universal counter’s display or trigger
LED is used to indicate that probe/circuit's R,
elements R,C,C; (a) are matched to input Vin T ANA- : - Vout
impedance (R:) of measuring device. Proce- (a) /
dure used is to first position triggering region :_PPUBE i} C. Rz
on roll-off of input-signal curve (b) with C, C
and counter’s trigger-level control. Probe will - -
be compensated over a wide band after C, is
. TRIGGER POINT |
peaked (c) to detect high-frequency compo- NOT A MINIMUM ~ .
.~ REFERENCE
nents of square wave. \~® \ - TRIGGER LEVEL
TRIGGER POINT
MINIMUM PEAK
{b)
. i
PEAKED —ai',_
FLAT — =3 ‘.
4
ROLLED OFF —"f” 4
N \
ey = Ve ——

v v
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the point where triggering is again reliable, and probe
compensation is complete.

Availability of a constant-amplitude sine-wave oscilla-
tor greatly simplifies the compensation procedure.
Setting sine-wave frequency at 100 hertz and a conve-
nient amplitude, the user need only set the counter’s
trigger level at the sine wave's peak voltage. The
frequency is then increased to 10 kHz or higher and C, is
adjusted to just restore triggering. Typically, the flatness
achieved by this method will be 2%. In equation form,
%F = (AS)(100)/Vinpp, where A is the probe’s attenua-
tion factor, S is the settability or trigger-level resolution,
and Vi, is the peak-to-peak amplitude of the input
signal.

Calculator notes

Some counters have a tapered trigger-level knob and
the maximum setability occurs at the O-volt level. For
best accuracy when using one of these counters, a wave-
form that is square near O Vv or an offset sine wave that
has peaks near 0 v should be used.

It should be noted that many of the newer counters
now available have a large input capacitance, and some
conventional scope probes may not have sufficient com-
pensating capacitance. Using such a probe in this situa-
tion reduces system sensitivity above 1 kHz and could
cause additional time-interval measurement error. O

Engineer's notebook is a regular feeture in Electronics. We invite readers to submit original
design shortcuts, calculation aids, meesurement end test techniques, end other ideas for
saving engineering time or cost. We'll pay $50 for each item published.

TI-59 solves network equations
using complex matrixes

by Frans Cornelissen
Belgische Radio en Televisie, Brussels, Belgium

Providing an even more flexible and compact means for
analyzing electrical networks than the routine proposed
by Mclntyre!, this TI-59 program uses the method of
matrixes to solve the simultaneous equations that define
the response of any three-mesh linear circuit. Once the
components of the 3X3 complex matrix are known, a
solution may be realized in less than three minutes.
The program solves the matrix equation:

[ABC]. }; = [D]

3

where [ABC] represents the terms of the square matrix

shown in (a), I, to I; are the unknown variables, and [D]
contains V, to V3, the complex driving functions. Con-
trary to Mclntyre’s routine, the matrix elements are
presented to the calculator from top to bottom, left to
right, as indicated by the subscripts of the variables. The
subscript of the next variable to be stored also appears
on the display.

The real and imaginary components of the driving
sources are then specified, whereupon the matrix deter-
minant, A = [ABC], corresponding to the given circuit
is readily found and the three currents I, =
[DBC]/A, I, = [ADB)/A, and I; = [ABD]/A are
calculated directly. Then these variables are displayed in
both rectangular and polar form.

Consider the example where the program is applied to
a three-mesh circuit whose matrix is found to be that
shown in (b). Keying in the program and entering the
data as given in the instructions yields the rectangular
and polar representations of the aforementioned vari-
ables, as shown in (c). O

References
1. Chris Mcintyre, "'SR-52 solves network equations by finding complex determinant,”
Electronics, May 12, 1977, p. 121

-
[ Ro £ X, Re £ X;  Riz * Xy3 h Vi
RztXs RgtXg RyatXes || 12 |=] vy
(a) Rs tXs  Rip*Xn  Rig * Xyy I3 \&
T T
A | onw | W Iy
X | 70000 | 3104 | -1.325 |-1.205
Y 620.000 -1.779 1.117 | 0.670
0 | 83.558 29.812 | 220.131 | 150.904
- R | 623939 | 3577 | 1738 | 1379

5+5 0—-15 0+j0 Iy { 30 0
0-j5 8+j8 -6+10 e | I, =. 0 0
0+j0 -6 +j0 10+j0 I3 |-=20 0
(b)

Linear algebra. TI-59 program utilizes method of matrixes (a) to solve mesh equations characterizing small linear networks. In typical
example (b), matrix defining the network shown is presented to calculator, which yields the real and imaginary components of the dependent
current variables |1, Iz, and I3 (c), represented both in rectangular and polar form. Total solution time is about three minutes.
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TI-59 PRINTER LISTING FOR A 3x 3 COMPLEX MATRIX

Loc | Key [ Loc | Key | Loc [ Key | Loc | Key | Loc | Key | Loc | Key | Loc | Key | Loc | Key
000 LBL J 045 | 9 090 | 09 135 | Sum | 180 | 38 225 | RCL | 270 | A 315 | 2
001 l A 046 | STO | 091 X 136 | 33 181 X2 226 | 32 271 LBL | 316 | 2
002 | PRT | 047 | 36 092 | RCL | 137 | GO- | 182 | = 227 272 | C 317 | STO
003 | ST- | 048 | D' 093 16 138 | 36 183 | sTO 228 | RCL | 273 | 3 318 | 50
004 | 37 049 | 1 094 139 ] RTN | 184 | 37 229 | 38 274 | 8 319 | PRT
005 | 1 050 | +/- 095 | RCL | 140 | LBL | 185 | 2 230 | + 275 | STO | 320 | R/S
006 ‘ SUM | 051 PRD | 096 10 141 D’ 186 | 2 231 ‘ RCL | 276 | 50 321 I 2
007 | 37 052 12 097 X 142 | 0O 187 | STO| 232 | 33 277 | PRT | 322 | 3
008 RCL | 053 | PRD | 098 | RCL | 143 | STO | 188 | 50 233 | % 278 R/S | 323 | STO
009 | 37 054 13 099 15 144 | 35 189 | 2 234 RCL 1279 | 3 324 ’ 51
010 | PRT | 055 LBL | 100 145 | RC+ | 190 | 3 235 | 39 280 | 9 325 | PRT
011 | R'S } 056 | E' 101 RCL | 146 | 35 191 STO| 236 | ) 281 STO | 326 R/S
012 LBL | 057 RCL | 102 1 147 | EX- | 192 | 51 237 282 | 51 327 LBL
013 | E 058 | 08 103 X 148 | 34 193 | C 238 | RCL | 283 | PRT | 328 | RCL
014 | CMS | 059 X 104 RCL | 149 | ST- 194 | 2 239 ' 37 284 ‘ R/S | 329 ‘ RC-
015 | CP 060 | RCL | 105 | 14 150 | 35 195 | O 240 285 | SBR ] 330 | 50
016 | CLR | 061 16 106 151 1 196 | STO | 241 | ST- | 286 RCL | 331 PRT
017 | PRT | 062 - 107 | STO | 152 | SUM | 197 | B0 242 | 50 287 1 332 R/S
018 | R/S | 063 | RCL | 108 | 31 153 | 34 198 | 2 243 | | 288 | 8 333 | X=T
019 LBL | 064 | 09 109 RCL | 154 | SUM | 199 1 244 RCL | 289 | STO | 334 RC-
020 B 065 | X 110 | 00 155 | 35 200 | STO| 245 | 33 290 | 50 335 | 51
021 2 066 RCL | 111 156 { 201 51 246 291 PRT | 336 | PRT
022 | 7 067 ‘ 17 112 RCL | 157 | 5 202 | C 247 RCL | 292 | R/S | 337 R/S
023 | STO | 068 113 | 30 158 ‘ 203 1 248 | 38 293 | 1 338 | INV
024 | 36 069 RCL | 114 | 169 RCL | 204 | 8 249 | 294 | 9 339 | P/R
025 | GTO| 070 | 10 115 | RCL | 160 | 35 205 | STO| 250 | RCL ] 295 | STO | 340 | PRT
026 | E' on X 116 | O1 161 ) 206 | 50 251 32 296 | 51 341 R/S
027 | 4 072 | RCL | 117 X 162 | GE 207 1 252 | X 297 | PRT | 342 | X=T
028 | 3 073 | 14 118 RCL | 163 | O1 208 | 9 253 | RCL | 298 | R'S | 343 | PRT
029 | STO | 074 | + 19 | 3 164 | 4% 209 | STO| 254 | 39 299 | SBR | 344 R/S
030 | 36 075 RCL | 120 | = 165 | RTN | 210 | 51 255 | ) 300 | RCL | 345 @ RTN
031 6 076 1" 121 SUM | 166 LBL | 211 LBL | 256 301 2 346 LBL
032 | STO | 077 X 122 | 32 167 | B 212 | C 257 RCL | 302 | O 347 D
033 | 34 078 RCL | 123 RCL | 168 | B’ 213 | O 258 | 37 303 | STO | 348 ‘ 2
034 D’ 079 | 15 124 | 00 169 RCL | 214 | STO | 269 304 | 50 349 | 4
035 | 1 080 | = 125 | X 170 | 32 215 | 32 260 | ST- | 305 | PRT | 350 | STO
036 | ¢ 081 | sTO | 126 RCL | 171 STO | 216 | STO § 261 51 306 | R/S | 381 34
037 | PRD | 082 | 30 127 | 3 172 | 38 217 | 33 262 RTN | 307 | 2 352 | D’
038 | 00 083 RCL | 128 | + 173 | RCL | 218 | 2 263 LBL | 308 | 1 353 | R/S
039 | PRD | 084 | 08 129 RCL | 174 | 33 219 | 4 264 | A’ 309 | STO
040 | 01 085 | X 130 | O1 176 | STO | 220 | STO | 265 | 2 310 | 51
041 GTO | 086 | RCL | 131 | 176 | 39 221 34 266 | 3 3an ‘ PRT
042 | E’ 087 17 132 | RCL | 177 | X2 222 | D' 267 | STO | 312 R/S
043 1 088 | + 133 | 30 178 223 | B 268 | 37 313 | SBR
044 | 3 089 | RCL | 134 L 179 RCL | 224 ( 269 | GTO | 314 RCL
Instructions
e Key in program
e Initialize:
‘CMs, E
e Enter all matrix coefficients
(0], A, (1), A, (2),A. .. (17) A
The number 18 is displayed after the last data entry
® Press A’
The number 24 will be displayed
e Specify driving sources
(24), A, (25), A, (26), A. .. (29), A
The number 30 will be displayed after the last data entry
e Press B
The program finds the matrix determinant, A = IABC/, and separately stores its real and imaginary
components in the appropriate data registers. The determinant is also stored away in polar form.
Similarty, {; = IDBC!/J, 13 = |ADBI/dand 13 ABDI /A are calculated
e Press C
Number 38 is displayed. Successive pressing of the R/S key yields, in succession, 39, Jraal, dimag. 20
AR, followed by 18, 19, 11x, lyy, hg, lir. 20, 21, l2x, lav. 129, l2r. 22, 23, I3x, l3v, 130, 3R
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New from Aviation Week:
An item-by-item,change-by-change
analysis of the Department of Defense
budgets as they move through the

Congress.

"A MUCH-NEEDED ADDITION IN AN EVER-GROWING,
INCREASINGLY COMPLEX AREA ... SHOULD PROVIDE A
WEALTH OF INFORMATION FOR THOSE CONCERNED WITH

DEFENSE PROGRAMS.”
Eugene M. Zuckert, formerly Secretary of the

Air Force, previously one of the 3 Commissioners

of Atomic Energy Commission.

HOURS OF RESEARCH.”

"A LONG-NEEDED AND INVALUABLE SERVICE. PROVIDES
INSTANT INFORMATION ON THE COMPLICATED DEFENSE
PROGRAMS THAT WOULD OTHERWISE INVOLVE MANY

E. R. Zumwalt, Jr., Admiral, U.S. Navy (Ret.),

Now for the first time, you can follow the
Army, Navy, Air Force, and Defense

Agencies budgets from the President’s
first submission to the final enactment.

Each of the four budgets is contained in
its own looseleaf notebook. Subscribers
continue to receive summaries of Com-
mittee floor actions as they occur unti!
the agreements are reached in the
House/Senate Conferences. Page refer-
ences to sources are provided. You find
out what's happening as it happens.

An invaluable service for defense con-
tractors, defense industry specialists
and consultants, U.S. government agen-
cies, allied governments, the news
media, research and educational insti-
tutions, librarians, historians, and the
military itself. Absolutely indispensable
for any company that manufactures any
product or component used by the Army,
the Navy, the Air Force, or the Depart-
ment of Defense.

A 2-year record

The first year’'s analysis will cover two
years of defense activities:

1. Fiscal year 1980. How the original
budgets made their ways through the
Congress.

2. Fiscal year 1981. What's happening
now.

(In January, 1980, the President sub-
mitted his original fiscal 1981 budget.
Then, on March 31, he submitted a com-
plete revision as part of the anti-inflation
program. The overall budget was re-
duced but the defense budget was
beefed up by $2.9 billion. Now you can
follow the action from here as it occurs.)

This new analysis will simplify a process
that grows more complex each year.
Example: Ten years ago one Committee

formerly Chiet of Naval Operations.

turned out a 100-page report covering
25 to 50 items which were identified for
discussion. The 1980 report of this same
committee consisted of 493 pages
covering 820 line items.

Even more than dollars are involved.
Posture statements are required from
DoD and each service to define strat-
egies and concepts.

Items and programs are singled out for
discussion of such matters as duplica-
tion of efforts and/or poor management.

Special reports to Congress are often
required from defense officials or con-
tractors before they are permitted to
implement a program.

Four critical sections
All of this material is reported in each of

the four looseleaf volumes. There are
four critical sections:

1. Fiscal year 1980 summary. Covers all
item changes by major category (exam-
ple: research and development) which
were affected by Congressional action.
Item identification is simplified by com-
plete indexing. User can immediately
trace the course of items through each
successive step of Congressional
authorization and appropriation. Con-
gressional intent and criticisms are high-
lighted. Page citations from the source
documents (reports) are provided.

2. Fiscal year 1981 posture statements.
The first Congressional committee hear-
ings cover the overall posture and bud-
get requests of DoD. Principal witnesses
before Committees include the Secre-
tary of Defense, Chairman of the Joint
Chiefs of Staff, plus the Secretaries and
Chiefs of Staff of the four services. All
present their respective posture state-
ments (which are really the basic justi-
fications for the fiscal year budget re-
quests.) A copy of each posture state-
ment is provided.

3. Weapon system acquisition costs for
tiscal year 1981. Provides detailed finan-

cial and descriptive information on each
service and agency major weapon sys-
tem request. These items comprise a
great majority of 1981 defense procure-
ment and R&D fund requirements.

4. Fiscal year 1981 committee recom-
mendations summarized. As each of the
four committees (House and Senate
armed services committees and appro-
priations committees) reports its recom-
mendations, the subscriber will receive
an item-by-item report, and a summary
of each successive committee floor
action until the final conference action.

About the editor and author:

From 1966 until he retired in Janu-
ary of this year, Leonard Baldinger
was Chief, Budget Enactment Office,
Comptroller of the U.S. Air Force. For
his work, he received the highest
civilian award of the Air Force.
Excerpts from this citation include:
*Mr. Baldinger made major and
significant contributions towards . . .
superior relationships between the
Air Force and the Appropriations
and Budget Committees of the Con-
gress. (His) exceptional ability,
leadership and competence re-
sulted in major contributions to Air
Force financial management.”

Signed Hans Mark, Secretary of the
Air Force.

Money back if not satisfied
The first printing is limited. To assure
your order is included, fill out and mail
the coupon now. Your satisfaction is
guaranteed, or your money will be
refunded.



You can trace Congres-
sional actions on each
budget as they occur.

Easy to use. Careful index-
! ing permits user to locate
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any item or program
affected by the Congres-
sional review.
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FY 1981 FY 1981
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You see at a glance how the
item or program progressed
through the governmental
process to the final enact-
ment,

A process which used tc
consume days and even
weeks is reduced to 15
seconds!
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Engineer’s newsletter

Welded wire A computer manufacturer recently found it needed a lightweight, low-cost

component for suspending electric cable inside the frame of one of its

larger machines. As it turned out, plastic was light enough, but proved too

inexpensively costly and also failed Underwriters Laboratories flame-retardant specifica-
tions for office equipment.

The solution, found by engineers at E. H. Titchener & Co., was a frame
of welded steel wires that has a black, mar-resistant epoxy finish and easily
conforms to UL requirements. The dielectric qualities of the electrostatical-
ly applied epoxy coating helps eliminate any possibility of electric shock,
while the unit’s inherent conductivity prevents static charge from building
up. For more information, contact E. H. Titchener & Co., 9 Titchener
Place, Binghamton, N. Y. 13902.

suspends cable

How to pick An initial mistake in selecting a small computer can be costly in more ways
the right than one. So a checklist of 322 points has been devised to aid the potential
computer user in making an intelligent choice of computer features and

small computer purchase plans.

The questions it asks also cover display, keyboard, printer, and control-
ler features, as well as the costs of software, maintenance, and training, to
help the would-be customer determine which vendor comes closest to
satisfying all his or her requirements.

The “Checklist/Guide to Selecting a Small Computer” is available
solely from its publisher, Pilot Books of 347 Fifth Ave., New York, N. Y.
10016 at $5 a copy, postpaid.

Hidden 8085 While there might be a thrill in uncovering the existence of unspecified
operating codes in a microprocessor and exploiting them, there is great risk
in it, too. For example, according to sources outside the company, a recent
be invalid mask change on Intel Corp.’s 8085 central processing unit may have
eliminated those hidden instructions that were given last year in an
Engineer’s Notebook [ Electronics, Jan. 18, p. 144, 1979], although Intel is
unwilling to comment.
There’s a moral here—taking advantage of a hidden instruction in a
calculator is one thing, but it’s simply not advisable to design around any
device feature not specified on the data sheet.

op codes may

Update your Wiring and cabling, the warp if not the woof of electronic systems, are the
subject of a seminar to be held in central New Jersey this fall (Oct. 15-17)
by the Center for Professional Development. The course will cover.wire
wire and cable types, connectors, and terminations; insulation displacement connectors
for flat cabling, as well as flat cable; ribbon coaxial cable; fiber optics; and
the performance and testing of interconnections.
Director of the course will be John W. Balde of Western Electric’s
Research Center in Princeton, N. J. Cost will be $575.
For additional details, write or call the Center for Professional Advance-
ment, P. O. Box H, East Brunswick, N. J.; (201) 249-1400. -Jerry Lyman

knowledge of
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trical circuitry.

Protect electronic and elec

Circle #121 for impedtate heod

Circle #150 for reference only

Let us help you find your
magnetic circuit breaker

AIRPAX magnetic circuit breakers are
available in so many sizes, capacities and
models, you're bound to find exactly what you
need with just one phone call to us.

Some models carry up to 600Vac, others
up to 125Vdc. We've got models with ratings
from milliamps to 100 amps. Choose from
mil-spec, UL-listed, UL-recognized, CSA-
certified, or SEV-approved models.

We also offer a wide range of sizes. For easy
one-hole mounting, we can pack a lot of
protection into one cubic inch.

Interested in aesthetics? Choose from
models that feature illuminated rocker, colored
paddle or baton handles. Just right for front-
panel design.

In a hurry? Ask for our “hotline” Use it when
you need prototypes and we’ll get them to you
within two weeks.

Whether you're specifying your first circuit
breaker or you're interested in a custom-
engineered design for an “impossible”
application, you’ll get the help you need from
AIRPAX.

Circle our number on the Reader Service
Card, write us at Woods Road, Cambridge MD
21613 or call us at (301) 228-4600 and
we'll send you our new short form catalog.

The choice is yours.

AIRPAX

| NORTH AMERICAN PHILIPS CONTROLS CORP. ]

Cambridge Division



In celebration of the 50th anniversary of Electronics Magazine ...

you are invited on an extraordinary journey

exploring where electronics has been
and where we are going...

AN AGE OF
INNOVATION

The World of Electronics

1930-2000

by the Editors of Electronics

274 pages, 300 illustrations including many in full color, hardcover, $18.50

Never before has the history of electronics been
brought together in such an exhilarating, comprehen-
sible look at the advances that have shaped our world.

Painstakingly researched and written, AN AGE OF
INNOVATION brings you up close to the discoverers
who set the pace for an age. .. the classic circuits that
marked turning points in the development of elec-
tronic systems ... and the major breakthroughs that
brought us to where we stand today.

Discover our legacy of achievement as you...

® witness the 1930s’ great advances in fm and televi-
sion...the invention of negative feedback...and
the patenting of the semiconductor for amplifica-
tion

® watch the tide of progress as World War Il leads to
outstanding advances, including radar, loran,
computers, and guided missiles. See how at the
war’s close commercial television, stereo and
tape recording mark the beginning of the all-
pervasive impact of electronics

® share the 1960s’ excitement of men landing on the
moon, thanks in part to semiconductors and the
expansion of computer power to an unprece-
dented degree

@ acquire new perspective on the 1970s’ two major
events that will forever change the way we live—
the end of cheap energy and the birth of the
microcomputer

on pre-paid orders.

Quantity discounts available. Ten-day money-
back guarantee applies on all books.

r_—Electronics Magazine Books :ﬂ"

l P.O. Box 669, oightstown, NJ 08520 Wy [ Payment enclosed

| Tel. 609/448-1700, ext. 5494 CHIL Charge to my credit card:
Send me _ copies of An Age of Innova- [ Diners Club O visa

| tion @ $18.50 plus applicable sales tax. McGraw-

I Hill pays regular shipping and handling charges Acct. No

On MasterCard only,

first numbers above name

Then look ahead to...

® future electronics systems that will transform
everyday life

® the transcending of present technology limits —
and the path circuit development will take into
the new century

® the electronics needs—and careers—that will be
the hallmark of our changing environment

® and much more!

AN AGE OF INNOVATION gives you an unforgetta-
ble overview of both the development and future of
electronics. Everything from the individuals whose
foresight and daring led to great advances ... to the
origin of specific technological breakthroughs you use
in your own work and home ... to the challenges and
discoveries we will face tomorrow.

AN AGE OF INNOVATION is Electronics’ celebra-
tion not only of our own fifty years of publishing ex-
cellence, but also of a half-century of electronics
achievement. Let us share it with you!

Available only through Electronics. Not sold in any
bookstore or through the McGraw-Hill Book Com-
pany. To secure your copy now, use the convenient
coupon below.

—_———_—— e —_— Y — — —— — ——
O Bill fiem () Billme Name |
| American Express
C
| MasterCard Lompany — l
Street B N l
Date Exp. City State zip I
Signature - ]
—— a1
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New products

Generator delivers new byte every 20 ns

Built with off-the-shelf emitter-coupled logic, programmable unit
produces 100-MHz digital waveforms using pipeline processing

by Larry Waller, Los Angeles regional bureau manager

Commercial automated test equip-
ment can generate byte-wide test
signals at 50 MHz—fast enough for
most production testing. But for
engineers working at the leading
edge of semiconductor technology,
such systems may not be fast
enough. Interface Technology is
introducing a programmable digital-
waveform generator that puts out
eight digital signals simultaneously
at 100 MHz, with a skew of only 2 ns
between channels [Electronics, July
17, p.33]. The RS-680 makes it
much easier for engineers needing
this speed to put together their own
test systems.

Until now, builders of high-speed
test systems have had to choose
between commercial word genera-

tors capable of delivering eight out-
puts at 50 MHz, such as the Hewlett-
Packard 8016A, and faster pulse
generators that provide only one or
two outputs. The RS-680 not only
provides 8 channels at 100 MHz, but
can deliver 16 at 50 MHz. Thus it is
capable of generating test data for
the latest 16-bit microcomputers. A
total of 4,096 bits of memory can be
allocated for storing the waveforms
to be reproduced.

Unlike word generators that gen-
erate bit-parallel bytes at one user-
selected frequency, each of the eight
RS-680 channels can be individually
programmed to produce a digital
waveform of varying frequency; up
to 256 states can be programmed
with resolution of 10 ns for from one

to eight channels. The unit can
therefore recreate the complex tim-
ing schemes required by some of the
most recently developed integrated
circuits.

To achieve the RS-680’s speed,
Interface Technology based its de-
sign on emitter-coupled-logic de-
vices, since they are the fastest parts
available commercially. But the de-
signers did not have the wealth of
parts available for bipolar or MOS
designers to choose from. Also, they
found that ECL’s reputation for
being slippery to work with is well
earned. For example, the edges of
waveforms produced by ECL parts
tend not to be uniform. They also
found that ECL memory, in spite of
being the fastest available, was not

ANDIDDDOOOOOOOOCE CCC

interface
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New products

fast enough for their purposes, its
20-ns access times being only half
the speed needed.

To match edge outputs, therefore,
the final circuitry has been designed
with just one ECL gate between reg-
isters. The memory-access speed
limitation has been overcome by
using an architecture in which two
waveforms can be generated simul-
taneously—much as in the pipeline
processing schemes used in high-
speed computers.

Waveform timing programmabili-
ty was attained by using the RS-
680’s 100-MHz reference oscillator
in conjunction with a separate tim-
ing memory, in which the variable
signal transition times are stored by
the user. When the RS-680 begins to
reproduce these varying waveforms,
it accesses both the data that defines
the waveforms’ states and the timing
data that specifies how long the
states will stay in the output register.
The timing bits go to a countdown
circuit that counts against the refer-
ence oscillator and advances to each
set of states in turn, changing the
waveforms or not depending on how
they have been programmed.

Although the unit is capable of
providing complex TTL- or ECL-level
waveforms, its operation is not com-
plex. The user is presented with a
menu for manual programming; all
he or she need do is choose the oper-
ating mode and enter the pertinent
data. It is likely, however, that the
digital waveform generator will end
up as part of a system, so IEEE-488
and RS-232-C interfaces are offered
as options.

The basic RS-680, without a sys-
tem interface, is priced at approxi-
mately $15,000, and each interface
option is priced at $795. For an addi-
tional $150, an erasable program-
mable read-only memory card (with-
out the E-PROMs) can also be
obtained for storing frequently used
patterns and keeping them ready for
quick transfer to the unit’s opera-
tional random-access memory. De-
liveries are scheduled to begin this
month.

Interface Technology, 150 East Arrow High-
way, San Dimas, Calif. 91773. Phone Stan
Kubota at (7 14) 599-0848 [338]
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microNOVA™ PRODUCTS ARE AVAILABLE
THROUGH THE FOLLOWING
DATA GENERAL STOCKING DISTRIBUTORS.

Hall-Mark Electronics
Huntsville, AL.

(205) 837-8700
Kierulff Electronics
Phoenix, AZ.

(602) 243-4101
Schweber Electronics
Irvine, CA.

(714) 556-3880
Kierulff Electronics
Los Angeles, CA.
(213) 725-0325
Kierulff Electronics
Palo Alto, CA.

(415) 968-6292
Kierulff Electronics
San Diego, CA.

(714) 278-2112
Kierulff Electronics
Tustin, CA.

(714) 731-5711
Kierulff Electronics
Denver, CO.

(303) 371-6500
Schweber Electronics
Danbury, CT.

(203) 792-3500
Schweber Electronics
Hollywood, FL.

(305) 927-0511
Hall-Mark Electronics
Miami, FL.

(305) 971-9280
Hall-Mark Electronics
Orlando, FL.

(305) 855-4020
Kierulff Electronics

St. Petersburg, FL.
(813) 576-1966
Schweber Electronics
Atlanta, GA.

(404) 449-9170
Hall-Mark Electronics
Chicago, IL.

(312) 860-3800
Kierulff Electronics
Elk Grove Village, IL.
(312) 640-0200
Schweber Electronics
Elk Grove Village, IL.
(312) 320-3755
Hall-Mark Electronics
Kansas City, KS.

(816) 888-4747

Schweber Electronics
Bedford, MA.

(617) 275-5100
Kierulff Electronics
Billerica, MA.
(617)935-5134
Hall-Mark Electronics
Baltimore, MD.

(301) 796-9300
Schweber Electronics
Gaithersburg, MD.
(301) 840-5900
Schweber Electronics
Livonia, MI.

(313) 525-8100
Schweber Electronics
Eden Prairie, MN.
(612) 941-5280
Kierulff Electronics
Edina, MN.

(612) 835-4388

Hall-Mark Electronics
Minneapolis, MN.
(612) 884-9056
Hall-Mark Electronics
St. Louis, MO.

(314) 291-5350
Kierulff Electronics
Fairfield, N.J.

(201) 575-6750
Schweber Electronics
Fairfield, N.).

(201) 227-7880
Schweber Electronics
Rochester, N.Y.

(716) 461-4000
Schweber Electronics
Westbury, N.Y.

(516) 334-7474
Hall-Mark Electronics
Raleigh, N.C.

(919) 832-4465
Schweber Electronics
Beachwood, OH.
(216) 464-2970
Hall-Mark Electronics
Columbus, OH.

(614) 846-1882
Hall-Mark Electronics
Tulsa, OK.

(918) 835-8458

Almac/Stroum Electronics

Portland, OR.
(503) 641-9070

Kierulff Electronics
Portland, OR.

(503) 641-9150
Schweber Electronics
Horsham, PA.

(215) 441-0600
Hall-Mark Electronics
Philadelphia, PA.
(215) 355-7300
Hall-Mark Electronics
Austin, TX.

(512) 837-2814
Hall-Mark Electronics
Dallas, TX.

(214) 234-7300
Schweber Electronics
Dallas, TX.

(214) 661-5010
Hall-Mark Electronics
Houston, TX.

(713) 781-6100
Schweber Electronics
Houston, TX.

(713) 784-3600
Kierulff Electronics
Salt Lake City, UT.
(801) 973-6913
Almac/Stroum Electronics
Seattle, WA.

(206) 763-2300
Kierulff Electronics
Tukwila, WA.

(206) 575-4420
Hall-Mark Electronics
Milwaukee, WI.

(414) 761-3000
Kierulff Electronics
Waukesha, WI.

(414) 784-8160

CANADA

R-A-E Industrial Electronics
Burnaby, B.C.

(604) 291-8866

Future Electronics
Vancouver, B.C.

(604) 438-5545

Future Electronics
Ottawa, Ontario
(613) 820-8313
Future Electronics
Montreal, Quebec
(514) 731-7441
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WE'RE BUSTING
THE COMPETITION'S
BOARDS AGAIN.

Announcing MBC/2 and MB(/3,
the newest members of Data
General’s growing family of
microNOVA™ board computers.
They're the best computers on a
board money can buy. You getup
to 64K bytes of memory, serial
and parallel 1/O lines, and soft-
ware support from MP/OS

our famous micro operating
system. You even get supporting
languages like MP/PASCAL and
MP/FORTRAN V. See for yourself.

microNOVA

Lsy/ SBC/
MBCN MBC/2  MBC/3 112 86/12

RAM 2K 8K 32K 8K 32K
Bytes
PROM 4K 32K 32K 16K
EPROM
Bytes
Serial
Lines 1 2 2 1

ASNYC/  ASNY(C/
SYNC SYNC

Dig I/O
Lines 32 32 32 24
# Boards Al il 1 2 1

Board Size  7.5x9.5 7.5x9.5 7.5x9.5 8.5x5.2 6.75x12

The competition will always
sing the praises of their little single
board computers. But from now
on theyll be doing it falsetto.
Data General Corporation, Westboro 7
MA 01580, (617) 366-8911 d
microNOVA is a trademark of @ 7

7

Data General. °Data General
Corporation, 1980.
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New products

Instruments

Tester fits many
tools into one box

Unit checks digital and
analog parameters of
microsystems in the field

Signature analysis may prove to be
one of the most effective methods for
testing microprocessor-based prod-
ucts operating in the field, but it is
not the complete answer, according
to Solartron Electronics group, a
British subsidiary of Schlumberger.
The company believes there is still
considerable need for comple-
mentary logic-testing methods, and
for basic measurement functions as
well.

To meet that need, Solartron
plans a third-quarter U. S. introduc-
tion of a multifunction instrument
designed specifically for testing mi-
croprocessor-based products. Re-
cently unveiled in Europe as the
Locator, the instrument can apply
any of a number of tests to an obsti-
nate fault, including such procedures
as signature analysis.

Among the procedures is trace

126

analysis, a complementary technique
borrowed from the world of ad-
vanced automatic test equipment.
According to digital instrument
product manager, Brian L. A. Kett,
trace analysis is most useful in
checking feedback loops, where sig-
nature analysis often fails. Kett
explains that error signals at faulty
nodes can propagate through the
system in time with each clock tran-
sition, until all nodes generate a fault
signature. Trace analysis catches the
fault before it travels through the
system; it also allows the engineer to
trace the fault signal back to the
earliest time frame and the first node
at which it occurred.

The Locator’s 7-by-12-by-4-in.
frame also houses frequency-mea-
surement circuitry to check clock
rates to 20 MHz with 1 Hz resolution.
For asynchronous logic functions,
there is an event/transition counter,
and a timer helps monitor the activi-
ty of, say, monostable vibrators, or
the occurrence « f interrupts.

Also in the package is an auto-
ranging 3'-digit multimeter that
eliminates the need for an additional
hand-held unit. Four ranges are pro-
vided for each of five functions—ac
and dc voltage, ac and dc current,
and resistance. Maximum readings
possible are 1,000 v dc, 500 v dc,
and 2 A ac or dc. The meter also has

.

resistance ranges and measures tem-
perature from —10° to +150°C
(read in Celsius or Fahrenheit).

A data-pod connector provides the
interface between the test instru-
ment and the unit under test; it con-
nects to the system clock and trig-
ger-pulse sources. An optional mi-
cropod makes it possible to test a
microprocessor apart from its system
with a specially devised emulator
program. The pod also enables the
operator to use that microprocessor
to exercise the unit under test. To
date, Solartron has pods designed for
use with the 6800, 6802, and 8080;
others are said to be in the works.
The user may also store his own
exercise program in a programmable
read-only memory included in the
system.

The Locator is scheduled for
introduction in the U. S. sometime in
September and is tentatively priced
at about $4,000.

Sangamo Weston Inc., Solartron Instrument
group, 2021 Business Centre Dr., Suite 113,
Irvine, Calif. 92715 [351]

Development system emulates
4- to 32-bit microprocessors

The ECL-3211 microprocessor de-
velopment system can link up to 64
stations and emulate any 4- to 32-bit
microprocessor in real time. It pro-
vides in-circuit emulation of chips at
up to 30 MHz, acting as a stand-
alone system or accepting down-
loaded programs from a host com-
puter. New emulator hardware does
not have to be installed every time a
new chip is introduced; only the soft-
ware for the new chip and a plug-in
adapter card for the chip family are
needed for the system to operate.

A basic ECL-3211 includes an
LSI-11/2 processor, 64 kilobytes of
210-ns random-access memory, a
1-megabyte double-density dual
floppy disk, a 512-by-64-bit trace
buffer, a terminal, a DEC RT-11
operating system and software, and
the full hardware and software sup-
port for any one-chip family. It sells
for $23,990. Full emulation support
for each additional chip family,

Electronics / July 31, 1980



including assembler and linker, costs
$1,500.

Emulogic Inc., 362 University Ave., West-
wood, Mass. 02090. Phone (617) 329-1031
(353]

Logic analyzer handles both
8- and 16-bit microprocessors

By using a series of personality mod-
ules, the 7DO2 logic analyzer can
adapt to the characteristics of 8- and
16-bit microprocessors targeted for
design. These plug-in modules pro-
vide mnemonic decoding for the
Motorola 6800 and 6802, Intel 8085,
and Zilog Z80 8-bit processors and
for the Intel 8086 and Zilog Z8002
16-bit units. Personality modules for
the Motorola 68000 and Zilog
Z8001 are being developed.

The analyzer can acquire up to 52
channels of state information in the
synchronous mode at 10 MHz, using
the clock of the system under test.
For $3,975, the basic instrument
contains 28 channels but can be
expanded to handle 44 at additional
cost. A timing option that sells for
$1,500 has eight more channels that
can provide asynchronous informa-

Electronics/July 31, 1980
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tion using the 7DO2’s own clock at
up to 50 MHz. The unit’s bus-
oriented memory is 52 by 256 words.
The logic analyzer is designed to
plug into a Tektronix 7000-series
oscilloscope.

Tektronix Inc., P. 0. Box 1700, Beaverton,
Ore. 97075. Phone (800) 547-1517 [354]

Codec tester allows direct
a-d, d-a measurements

Codec manufacturers can get into
the middle of a bit stream to make
direct and separate analog-to-digital,
digital-to-analog, as well as analog-
to-analog measurements with the
AMS-952 automatic measuring sys-
tem. Half-channel testing of codecs
is done using the u255 encoding law.

Housed in a standard 72-in. rack,
the AMS-952 is controlled by a
Hewlett-Packard 9825S and in-
cludes a frequency-selective level
meter, wideband noise meter, level
generator, four-tone noise source,
channel demultiplexer and genera-
tor, and impedance and switching
panel. It sells for $98,000. The unit
measures frequency response over
the entire voice frequency range with
accuracies of *0.05 dB and also
measures 60-Hz and out-of-band
rejection characteristics. It measures
signal-to-distortion values to better
than 40 dB. Level-tracking measure-
ments can be made in 0.1-dB steps.
WA&G Instruments Inc., 119 Naylon Ave., Liv-
ingston, N. J. 07039. Phone (201) 994-0854
[355]

IEEE-488-bus instrument
controller sells for $3,495

A Z80A-based instrument controller
for use on the IEEE-488 bus is
priced at $3,495 but has features
found on more expensive controllers.
The Direktor can alternatively be
used as a general-purpose microcom-
puter system,

The general-purpose interface-bus
controller contains two Z80A micro-
processors with 4-MHz clock fre-
quencies, one for system and screen-
related functions and one to be

down-loaded by the host computer to
execute disk input and output using
direct-memory access. The control-
ler includes 65 kilobytes of dynamic
random-access memory, 242 Kkilo-
bytes of mass storage capacity on
two Shugart double-density mini-
floppy-disk drives, a cathode-ray-
tube display, a keyboard, an IEEE-
488 controller port, and two RS-232
ports with selectable parity and stop
bits and baud rates up to 9,600 b/s.
Software includes a cP/M disk-
operating system and an extended-
disk Basic interpreter to control the
GPIB port. An upgrading kit to con-
vert Intertec Data System’s Super-
brain computer into a GPIB control-
ler sells for $895 in single quantities.
Deliveries of the instrument control-
ler start this month.
The Harrex Corp., P. O. Box 249, Kenmore,
Wash. 98028. Phone (206) 488-4552 [356]

Function generator lets user
draw his own waveform

The Z80-based MDE-8000 pro-
grammable function generator for
biomedical applications lets the user
draw the waveform he wants to
reproduce. The wave shape to be
generated is defined on a digitizing
pad with a pen. Resolution is 0.2 mm
per digitized sample.

The time base may be selected to
generate the drawn form in less than
a second or up to 100 seconds.
Waveforms may be repeated or sev-
eral different forms may be cas-
caded. The unit stores data for up to
32 seconds. The MDE 8000 can
drive up to four independent ampli-
fiers and create four waveform
sequences with lengths of up to 8
seconds apiece. Output frequency
response is dc to 50 Hz. Full-scale,
adjusted calibrated outputs are up to
*5mvand £5v.

The generator, with pad, pen, and
a digital cassette recorder for filing
and later retrieval of waveform
information, sells for $3,300 and can
be delivered within 60 days.

Medical Data Electronics, 4726 Daleridge
Rd., La Canada, Calif. 91011. Phone (213)
790-8152 [358]
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New products

Semiconductors

New PALs can do
arithmetic, too

Programmable-array logic
units expand to perform
more ALU functions

Two new members have been added
to the 13-member family of pro-
grammable-array logic (PAL) de-
vices introduced in 1978 by Mono-
lithic Memories Inc. Those early
components gave designers a pro-
grammable alternative to the 7400
series of TTL devices, capable of per-
forming all or most of the 7400 func-
tions but requiring only one quarter
the number of circuit components.
The new devices add complex arith-
metic functions to the tasks already
performed by existing members, thus
rounding out the company’s 20-pin
PAL family.

Designated the 16A4 and 16X4,
the new PALs measure 19,000 mil?
and are the largest made with MMI’s
bipolar process. Containing four reg-
isters and four programmable in-
put/output ports each, they intro-
duce several notions new to small
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and medium-sized PALs. For in-
stance, both the 16A4 and 16X4
contain exclusive-OR gates and gated
feedbacks that allow the user to per-
form arithmetic functions, like addi-
tion and counting.

New concepts for PALs. According
to John Birkner, MMTI’s product plan-
ning manager for programmable
devices, the gated-feedback feature
combines a feedback term with an
input term in a decoder and thus
forms all possible functions of two
variables, including “always on” and
“always off.” The exclusive-OR fea-
ture groups two arithmetic products
into a summing device, or a 1-bit
adder (A +B). “This gives the unit
the ability to add, without gobbling
up product terms,” he notes.

However, the 16A4 features a
third new concept for PALs, called
*‘parallel carry,” that makes it possi-
ble to program the device to perform
most of the functions of an arithme-
tic and logic unit (ALU). The parallel
feature, Birkner explains, represents
a fixed pattern of additional prod-
ucts that enable the formation of a
4-bit adder.

The principal application of the
16A4 is as an ALU accumulator,
according to Birkner. In contrast
with ALUs built with conventional
logic, such as the 74181 Schottky
TTL series, the 16A4 has an on-
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board accumulator and needs no
additional device to perform that
function. Also, it has three output
states, as opposed to the straight
drive of the 74181, which requires an
additional device, an octal buffer, to
achieve a three-state output. What'’s
more, the 16A4 is housed in a skinny
20-pin dual in-line package and thus
occupies less space than the 24-pin
package of the 74181.

The 16X4, on the other hand, is
suited for such applications as
between-limits comparison or as a
4-bit up/down counter with shift.
“In many systems applications, it is
desirable to keep a running check on
the data passing certain points in the
system,” Birkner says. “This can be
done for system security or simply as
part of system diagnosis and self-
checking.”

Limit-switching. Sometimes the
limit checker may search for specific
values. At other times the need may
be for missing values, values in a
specific range, or those out of a cer-
tain range. The last might occur in a
microcomputer bus-watching appli-
cation, for example, where the
gated-feedback feature is used to
continually compare a value in a reg-
istered comparator with a value on
the bus.

Commenting on the 4-bit
up/down counter with shift, Birkner
notes it is possible to do *limited
counting” without the exclusive-OR
feature offered in the 16X4. “How-
ever, you use up most of the prod-
ucts, and not much is left over for
other functions. But with the exclu-
sive-OR feature,” he points out, “‘you
can do extensive counting.”

With the addition of these new
PALs, each of which has a typical
power dissipation of 800 mw, Birk-
ner claims that *“we now have a fam-
ily approach that allows a designer
to use one generic family of PALs to
completely replace 7400 series ran-
dom logic.”

Both the 16A4 and 16X4 are
priced at $39 each in 100-piece
quantities. Delivery takes four weeks
from receipt of order.

Monolithic Memories Inc., 1165 East Arques
Ave., Sunnyvale, Calif. 94086. Phone (408)
739-3535 [411]
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8-bit-wide interface circuits
offer low power, high speed

As an alternative to low-power
Schottky diodes in bus-oriented sys-
tems, a family of Iso-CMOS octal
interface circuits offers high speed
together with low power. The cir-
cuits’ gate delays are typically 5 ns.
This fast gate propagation speed has
been achieved by using an oxide-
isolated silicon-gate process that
minimizes the inherently long time
constants of traditional metal-gate
complementary MOS. As examples of
the high speeds and low-power fea-
tures, the MD74SC373 latch has a
20-ns propagation delay, and the
MD74SC241 bus buffer dissipates
0.5 mw.

Other circuits offered include de-
coders, demultiplexers, and three-
state octal buffers and line drivers.
Each of the 20 devices operates over
~40° to +85°C with a 3-t0-6.5-v
supply. In quantities of 100 and up,
they range in price from $3 to $4.50,
depending on complexity. For exam-
ple, the MD74SC374 latch in a plas-
tic package is $4.38 apiece in these
quantities. All circuits are available
in samples and most are already
available in production quantities.
Mitel Semiconductor, P.O. Box 13089,
Kanata, Ottawa, Ontario, Canada K2K 1X3.
Phone (613) 592-2122 [413]

Low-voltage zener diodes
also provide low impedance

Avalanche zener diodes for regulat-
ing power supplies at 2.8 to 10 v
exhibit sharp knees and dynamic
impedance between 10 and 75 Q.
The diodes can be stored at —65° to
200°C and offer 400 mv of power
dissipation and 1 v of maximum for-
ward voltage at 100 mA. They come
packaged in DO-7 cases, priced at
about 25¢ each for large quantity
orders. Samples are available from
stock, and larger quantities take two
weeks to deliver.

Compensated Devices Inc., 166 Tremont St.,
Melrose, Mass. 02176. [416]
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We offer the most complete line of 6500 support tools available —
both hardware and software. Our CSB family of single board
computers get your project running quickly. The DAIM floppy
disk system tums your AIM 65 into a serious development
system. The DB/65 provides the debug system you have been
looking for. Cross assemblers are available for many popular
computers plus CSL/65 — the high level language for the 6500
family.

224 SE 16th St.  P.O. BOX 687 AMES, IA50010 (515) 232-8187

Circle 129 on reader service card

When Clear
Displays Count

You can count on Ferranti-Packard’s
electromagnetic 7-Segment display module
to give you the electronic compatibility
you need plus the reliability and
visibility your customers demand.
Performance-proven for over 5
years, the simple design and
construction, backed by Ferranti-
Packard research and engineering,
Fivqs you the combination of re-
1ability, visibility and flexibility
that no other read-out component
can match.
When you design an electronic
read-out system, Ferranti-Packard display
modules will help you do it better. It’s clearly the display
module you should consider. See the difference for yourself,
write or call us and we’ll prove it.

] Ferranti-Packard Electronics Ltd.
When clear displays count—  [f&nm 6030 Ambler Drive, Mississauga

Specify Ferra nti-Pa ckani. Ontario, Canada L4W 2P1

Telephone: (416) 624-3020
Telex: 06-961437
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New products

Computers & peripherals

Terminal attaches
to two computers

CRT terminal provides
multiple work spaces and
dual communication ports

Intended to aid program develop-
ment and data-entyy applications, a
new microprocessor-based cathode-
ray-tube terminal lets its display and
display memory be divided into as
many as four independent work
spaces. The intelligent terminal also
has two communication ports to
facilitate its attachment to two dif-
ferent computers.

Dubbed the HP 2626 A, the unit is
the latest in the HP 2620 series of
terminals from Hewlett-Packard’s
Data Terminals division. Considered
by the company as a high-end smart
terminal, the unit is aimed at the
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teletypewriter-compatible market
with a collection of unusual features
that HP says are not available from
competitors.

The model 2626A is built around
a proprietary 16-bit microprocessor
fabricated in complementary-MOS
on saphire. It has a 9;520-character
display memory that can be config-
ured to hold up to 119 display lines
of between 80 and 160 characters
each, so long as the total does not
exceed the 9,520-character limit.
This memory can be divided by the
user into four independent work
spaces any or all of which can be
displayed on the 24-line, 80-charac-
ter screen. Horizontal and vertical
scrolling let all contents of a memory
work space be displayed even if they
are bigger than the display.

In addition, the terminal has two
independent teletypewriter-compati-
ble (RS-232-C) communication
ports that can operate in full- or
half-duplex, hardwired, or multi-
point modes either synchronously or
asynchronously at speeds of up to
9,600 b/s. The parts allow the termi-

nal to be attached to two separate
computers or to appear to a single
computer as though it were two sep-
arate terminals. )

Multitasking. These two features
let operators use the terminal to per-
form more than one task simulta-
neously. For example, while data is
being entered into one memory work
space, another memory space can be
transmitting previously entered data
to the computer. Or the user can be
connected to a computer as a data-
entry terminal through one memory
work space and communication port
and simultaneously make inquiries
of a data base—perhaps to refer to
customer or product listings before
entering an order, for instance—
through another memory work space
connected to the second communica-
tion port.

To aid programmers in setting up
the terminal for data-entry applica-
tions, the 2626A has an interactive
forms-design capability, program-
mable function keys whose labels
will appear at the bottom of the dis-
play screen, and programmable au-
dio prompts that offer 15 pitches
with 16 duration periods and two
volume levels.

Also, a thermal forms printer is
available that can be integrated into
the top of the unit. It reproduces the
display exactly, including line draw-
ings, special symbols, and inverse
video and other displays.

The standard 2626A sells for
$3,950, and the unit with the option-
al forms printer is priced at $5,100.
Quantity discounts are available.
Deliveries are currently estimated to
be within 12 weeks after receipt of
order.

Hewlett-Packard Co., 1507 Page Mill Rd,
Palo Alto, Calif. 94304 [361]

Single-board multiplexer
has dual interfaces

For PDP-11 minicomputer owners,
MDB Systems Inc. is offering a sin-
gle-board eight-line multiplexer. It
combines RS-232 and 20-mA cur-
rent-loop interfaces on one board,
replacing two separate packages sup-
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New prod-ucts

plied by Digital Equipment Corp. for
this workhorse machine.

With PDP-11s, “it is common to
have a mix-and-match array of ter-
minals, printers, and other peripher-
als,” says Sandy E. Traylor, MDB
systems staff engineer. Since these
peripherals often come with only the
RS-232 or the current loop, the
operator had to acquire two boards
that take up two rack spaces.

Any of the eight multiplexer lines
on the model DZ11AC board may
serve either of the two interfaces,
and expansion to 16 lines is accom-
plished by simply adding another
board. Translation circuitry is built
into the separate distribution box

that contains the cable connectors.
The multiplexer operates on a pro-
grammed input/output and interrupt
basis. Each line is programmable to
a standard rate of from 50 to 19.2
kilobits/second, with variable char-
acter length and stop bits. Other pro-
grammable line features include par-
ity, data set control, and break gen-
eration and detection. The multi-
plexer is transparent to standard
DEC operating and diagnostic soft-
ware.

A feature unique to the board is
optical isolation for enhanced noise
immunity, Traylor notes. It provides
3,000-v dc electrical insulation and
500 v/ms of transient immunity.

The unit comes with a hexadeci-
mal module, distribution panel, test
connectors, and 15-ft cables. In a
standard cabinet, the distribution
panel needs a 5Y-in. height. Electri-
cal requirements are +5 v at 2.2 A,
—15vat0.2A,and +15vat0.3 A.
A single DZ11AC costs $1,950.

MDB Systems Inc. 1995 North Batavia St.,
Orange, Calif. 92665. Phone (7 14) 998-6900
[363)
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Bipolar
Transistors

Aerospace
Military
Medical

Crystalonics developed the epitaxial
junction process for chopper and
switching transistors and continues to
be the leader in the technology. Our
line includes:

* NPN Low Level Switching and
Chopper Transistors: BVEBO to 30V,
Tec (sat) to 2 Ohms and Hy, (inv) to 30
(2N6566); V,,t0 0.4 mV (2N2432A).

* PNP Low Level Switching and
Chopper Transistors: BVEBO to 50V
(2N5231), Hy, (inv) to 50 and V10 0.3
mV (2N2944A); r,. (sat) to 2 Ohms
(2N6567).

* Dual Emiitter Choppers, NPN and
PNP: BVEEO to 50V, V,,t0 30
wV, and r, (sat) to 15 Ohms.

* Complementary Ultra-Low r (sat)
PNP/NPN Switches: BVEBO 30V, V,,
1 mV, and r. (sat) to 2 Ohms.

* JAN/JANTX/JANTXV Transistors:
qualified on over 20 types, including
the popular series 2N2432 and
2N2946.

* NPN Grown Junction Replacements,
including JAN2N333 thru 2N343.

For further information send for our short
form catalog. N

“A* TELEDYNE
CRYSTALONICS

147 Sherman Street
Cambridge, MA 02140
Tel: (617) 491-1670
TWX 710-320-1196
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New products

Components

Smart LEDs are
visible from 8 ft

0.225-in.-high characters
bring intelligent display
capability to instruments

Litronix Inc.’s introduction three
years ago of the first intelligent dis-
plays made the use of alphanumeric
displays practical in such hand-held
products as language translators.
Now, by developing new light-emit-
ting-diode chips that are, perhaps,
the largest being produced, the affili-
ate of West Germany’s Siemens AG
expects to provide similar benefits
for instrumentation panels.

The new intelligent display, desig-
nated the DL-3416, is a four-charac-
ter module featuring 0.225-in.-high
characters that, says Litronix prod-
uct manager David M. Barton,
*“have two to four times the display
area of prior units” and “are well
suited to the display for instrument
panels that must be viewed from
some distance,” typically 8 ft. Prin-
cipal applications are expected to
include process control monitors,
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medical systems, appliances, vehi-
cles, and computer terminals, he
adds, “where they are viewed by an
operator who must be several feet
away.”

Like earlier intelligent displays
from the company, the DL-3416 is
driven just like a random-access
memory, usually from a micropro-
cessor. The display consists not only
of four 17-segment (16 segments
plus decimal) LED chips, but also of
a bipolar digit driver, a comple-
mentary-MOS chip containing a
small, 28-bit memory for storing
character codes, built-in ASCIi-char-
acter-generator read-only memory,
and built-in multiplexer and LED
segment drivers. It operates from
one 5-v power supply and draws
200 mA of peak current—150 mA
typically—and is compatible with
standard TTL logic levels.

Stackable. Measuring 0.8-by-1.3-
by-0.5-in., the DL-3416 modules are
end-stackable to create displays of
any length. In fact, a display system
can be built with any number of
DL-3416s since each digit of any
module can be addressed indepen-
dently and displays the character
last stored until replaced by another,
Barton notes. Access time is 500 ns.

Specified for operation over the
temperature range of from —20° to
+70°C, the DL-3416 has a wide off-

axis viewing angle of +50° and, at
25°C, the luminous intensity of eight
segments at 5-V operation is specif-
ied at 0.5 millicandela. The module
provides standard 0.1-in. pin spacing
and is encapsulated in a solid plastic
block for rugged applications.

In addition to standard display-
blank and memory-clear functions,
the DL-3416 has an independent cur-
sor function that illuminates all seg-
ments of a digit position. However,
the cursor is not a character and
upon its removal the previously dis-
played character reappears.

Barton expects the new displays to
be “especially useful in replacing
whole groups of ‘legend lights.” One
intelligent display delivers any num-
ber of different messages to the
viewer” and, adds the Litronix prod-
uct manager, “messages are deliv-
ered sequentially or, in case of emer-
gency, by priority.”

Available 60 days after receipt of
order, the DL-3416 will be priced at
about $30 at the 1,000-piece level.
Litronix Inc., 19000 Homestead Rd. Cuperti-
no, Calif. 95014. Phone (408) 257-7910
(341]

Droop rate of sample-and-hold
amps drops with heat

Using bipolar Darlington transistors
instead of field-effect transistors for
its output-buffer input stage, the
SMP-10 is a monolithic high-speed
sample-and-hold amplifier with an
extremely low droop rate over the
operating temperature range of
—55°to +125°C, says its manufac-
turer. With a 5,000-pF capacitor, the
droop rate is as follows: at 25°C, it is
20 uv/ms maximum; at 125°C it is
300 uv/ms maximum; and at
=55°C it is 100 gv/ms maximum.
The temperature-compensation
droop rate was achieved by trading
off settling time —which is 7 us—in
the hold mode. The unit’s acquisition
time is typically 3.5 us to 0.1% of
full scale using the 5,000-pF capaci-
tor. Other specifications for the
device include a 10-v/us slew rate
and a 160-mw power dissipation.
Packaged in a 14-pin dual in-line
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package, the SMP-10 sells for from
$12.35 to $45.50 each. Delivery is
from stock.

Precision Monolithics Inc., 1500 Space Park
Dr., Santa Clara, Calif. 95050 [342]

Band-pass filter comes
embedded in coaxial cable

The In-A-Cable band-pass filters in
semirigid coaxial cable operate over
a frequency range of 1,000 MHz to
18,000 MHz. The filter elements are
implanted in a continuous section of
cable that measures 0.141 in. in
diameter and can be bent or formed
to customer specifications. The com-
pany says the cable joins with any
connectors that fit 0.141-in. cables,
thus eliminating the need for the
additional cable assemblies required
by conventional, rigid tubular filters.
The new devices operate over the
temperature range of from —54° to
+ 125°C. Since the filters are made
to suit each user, prices vary with
specifications. Delivery time is eight
weeks.

Uniform Tubes Inc., MicroDelay Division, Col-
legeville, Pa. 19426. Phone (215) 539-0700
[343)

Five-phase stepping motor
yields 0.72° full-step angle

A five-phase permanent-magnet
stepping motor provides a 0.72°
(full) and 0.36° (half) step angle
with accuracy to within *3 min.
Designated RDM 596750, this de-
vice is for use in computer peripher-
als, instrumentation, and automation
equipment. Measuring 85 by 55 mm,
the device has a typical stepping rate
of 30,000 kHz, a start or stop speed
of up to 2,500 full steps per second,
and a slew speed of up to 100,000
steps/second at 6,000 revolutions per
minute. The motor sells for less than
$60 each in large quantities. For
prototype quantities, delivery is from
stock; for large quantities delivery
time is from three to six months.
Berger-Lahr Corp., Fritz von Mering, Fitzger-
ald Dr., Jaffrey, N. H. 03452 [344)
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The biographies of 5,240
of your colleagues...

Profiles the Top Management

of Major Electronics Firms
throughout the World

—and more

This is the only reference devoted solely to biographies of the

most influential people in electronics: corporate executives. ..
technical managers...designers and developers of important

products and processes. .. government and military officials.. ..

academics. .. editors and publishers .. . securities analysts.... .
directors of trade and professional groups. ..and consultants.

McGraw-Hill’s
Leaders in

Electronics

Prepared by the Staff
of Electronics
651 pages

As easy to read as any professional
publication in electronics

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

Unique convenience feature...
Index of biographees by affiliation

A special 80-page index lists individual organizations alphabeti-
cally, complete with the names and titles of top employees. By

looking up the names in the general biography listing, you can

get a complete profile of the organization’s top managementin
a matter of minutes. Plus an easy-access listing of independent

consultants in every electronics specialty.
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Electronics Magazine Books Acct. No. Date Exp.
P.O. Box 669, Hightstown, NJ 08520
. ) On Master Charge only,
Send me copies of Leaders in first numbers above name
Electronics @ $39.50 plus applicable sales tax.
McGraw-Hill pays regular shipping and han- Name
dling charges on pre-paid orders.
I must be fully satisfied or you will refund full ComPany
payment if the book is returned after ten-day Street
trial examination.
[J Payment enclosed [ Bill firm 1 Bill me City State Zip
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New products

Power supplies
Supply regulation
is 0.2% under load

Tight regulation of 30-W
switching supply is designed
into 4.25-by-7.75-in. board

The demand for multiple-output
switching power supplies has been
served by only a few firms. Now
newcomer Power General Corp. is
offering a line it claims has tighter
regulation, as well as lower weight,
volume, and prices, than other units
of the same size.

The 4027s are off-line switchers
with 70% efficiency, +5%, —2%.
They accommodate two broad volt-
age ranges without derating—90 to
130 v or 180 to 260 v—and can
either be ordered for a specific range
or jumpered for one or the other by
the user. Input voltage frequency
range is 47 to 450 Hz, suiting the
units both to civilian uses, domestic
and foreign, and to some military
applications. Again, there is no out-
put derating over the range.

Each of the 4027 switchers deliv-
ers 30 W from a 4.25-by-7.25-in.
printed-circuit board. “We figure
this product line is a good 10% lower
in price than the competition,” says
Power General president John C.
Gallagher. “Also, at 1.75 in. high,

the models are more than an inch
lower, and at 1.2 1b they are about
1.5 Ib lighter.” The 30-w 4027 series
units are about the same size as
some competing 50-W models, but
somewhat larger and heavier than
some 27-W competitors.

Regulation is 0.2% under load at
the main 4.5 to 5.5 v at 4 A and
0.5% for five auxiliary outputs of
412 vat 04 A; —12 v at 0.4 A;
—9vat04A; —5vat03A;and
an adjustable output of —2.5 to
—=0.2 v at 0.1 to 04 A. The dc
output is said to be spike-free and to
have 50-mv maximum peak-to-peak
ripple—10 mvV root-mean-square.
Each output is equipped with a low-
pass filter for shunting unwanted
high-frequency energy to ground.

Gallagher feels that his firm’s
switchers may find their niche in
point-of-sale terminals, portable pro-
cessors, and other systems where
weight, efficiency, volume, and tight
regulation are important. He says he
already is receiving inquiries from a
variety of terminal firms and micro-
computer manufacturers.

Power General’s engineering vice
president George C. Chryssis notes a
feature of the switches that is rare
and may be unique: output overvolt-
age protection that, instead of a
crowbar, uses a proprietary voltage
sensor to close down all output taps
in the event of overload. Some com-
peting switchers apply a crowbar to
only the main output, an arrange-
ment that sometimes fails to prevent
damage to system components.

134

In addition, a TTL-level input
allows a microprocessor to turn a
4027 off for those applications in
which a supply may seldom be
needed, inhibiting it to save power.
Alternatively, this feature allows
systems using several supplies to
turn them on in sequence to avoid
sudden drains on the ac line.

Line isolation. Because the ac line
does not always behave well, the
unit’s wide input voltage range pro-
tects it against brownout and input
overvoltage. Also, in the event of loss
of ac-line voltage, a voltage hold-up
time is available of more than 32 ms,
or roughly a couple of cycles at
60 Hz.

A radio-frequency-interference
filter at the units’ input is designed
to make the unit conform to recently
revised Federal Communications
Commission regulations covering in-
terference on the ac line. The filter
prevents its own 20,000-Hz switching
frequency from escaping onto the
line, and offers up to 60 dB of atten-
uation at frequencies from 450 kHz
to 30 MHz.

Finally, to protect itself, each
4027 includes a 10-A in-rush limiter,
in the form of an easily replaced
cartridge fuse, and features a soft
start, to prevent both the turn-on
transients that might damage down-
stream circuitry and the transformer
saturation that can blow out compo-
nents on the supply board.

The five models in the 4027 series
all have the basic 4.5-t0-5.5-v, 4-A
output. The 4027-1 offers only the
primary voltage and costs $75 in sin-
gle units. The 4027-2 also offers
+12 v and is priced at $96.

The 4027-3, -4, and -5 have taps
for +12 v at 400 mA, plus a mix of
outputs of —12 and -9 v at
400 mA and —5 v at 300 mA. All
three units offer a variable —2.5-
to-—12-v output able to supply up
to 400 mA. These units sell for $99
each.

The 4027s are available at slight
variations in price in printed-circuit
form, open-frame construction, or
enclosed. Delivery of small lots is
from stock.

The Power General Corp., 152 Well Drive,
Canton, Mass. 02021 [381]
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Switching dc-dc converter
features 2 : 1 input range

The UM and UMC series of regu-
lated switching dc-dc converters has
a 2:1 input range, going from 9 to
18, 18 to 36, and 35 to 70 v dc.
These three units can withstand
surges of 25, 40, and 100 v, respec-
tively, for as long as 8 ms before
shutting down. They offer input fil-
tering to hold the reflected ripple to
40 mA peak to peak. The series fea-
tures single outputs of 5, 12, and
15 v dc at 800 mA to 3 A. The UM
versions are designed to be mounted
on printed-circuit boards; the UMC
models are for chassis mounting.
With up to 80% efficiency, the series
has input/output isolation of 1,500 v
dc and operates at full power to 71°C
with no derating. Prices begin at
$99.95 with discounts for original-
equipment manufacturers. Delivery
takes six weeks.

Semiconductor Circuits Inc., 218 River St.,
Haverhill, Mass. 01830 {384]

0-to-50-kV supplies can
be programmed by computer

With dc outputs up to 50 kv, the
series 205A and 210 solid-state pow-
er supplies for laboratory use have
an option that allows the output volt-
age level to be programmed by a
digital computer. Remote program-
ming of the high-voltage output can
be done with either a four-decade
binary-coded decimal or a 16-bit
binary TTL-compatible input. Mod-
els come with output ranges as low
as 0to 1 kv and as high as to 0 to 50
kv. The series 20SA provides up to
30 w of power; the 210 provides up
to 225 w at high voltage. Regulation
and ripple are within 0.001%, and
the temperature coefficient is 50
ppm/°C.

Single-unit prices start at $595,
and the supplies are available from
stock.

Bertan Associates Inc., 3 Aerial Way, Syos-
set, N.Y. 11791. Phone (516) 433-3110
{386]
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Delevan

We dont just
build coils.

Wweve set the
standards.

At Delevan, our experience in building coils and induc-
tive components has made us recognized leaders. The
performance standards we helped to develop still serve
as base specifications throughout the entire electronics
industry today.

This background gives us a high degree of quality con-
sciousness so you're assured a high degree of reliability
and less chance of latent failure in your overall system.

Coils are our only business. We carry a complete line
of on-shelf items. And for anything not in the catalog, our
engineers are available to help you design and build
components to your particular specifications.

For further information,
contact your local Delevan
representative or call
the factory direct.

AMERICAN

Pl_?ECl&ON Y
Division NDUSTRIEE :ch = )

270 GUAKER RD., EAST AURORA, N.Y. 1405&% TEL. 716/652-36860 + TEL% 891-283 "
OTHER DIVISIONS & SUBSIDIARIES INCLUDE: APITRON, BASCO, DUSTEX ' “ow,
AMERICAN PRECISION INDUSTRIES (U.K) LTD., DUSTEX OF CANADA, INC
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Introducing SECS 2,
a ruggedized 16-bit minicomputer that’s
perfect for tough military and avionic
environments.

SECS 2 (Severe Environment Computer System) is the new
ruggedized 16-bit minicomputer that's DEC PDP-11* software
and I/O compatible. Meets MIL-E-5400, MIL-E-16400, and
MIL-E-4158, making it perfect for rugged mini applications.
SECS 2 is FAA certified and is already saving valuable fuel
for the airlines.

SECS 2 is a complete system with support modules including
RAM, PROM, EPROM, tape controller, and 1553 bus interface.
Individual modules are also available for use in your embedded
system applications.

Phone or write for details today.
* Trademark of Digital Equipment Corporation

ERI sesco

Severe Environment Systems Company
A Subsidiary of Electronic Memories & Magnetics Corporation
20630 Plummer Street - P.O. Box 668 - Chatsworth, Callifornia91311
Telephone: (213) 998-9090 - Telex: 69-1404

Circle 136 on reader service card

FREE -

Brochure describes Electronics \
editorial reprints, services, books...

* More than 70 arricle reprints in 15 subject
caregories

* Handy wall charrs
» Custom-made reprint services

. o, For your free copy,
* Books especially for Electronics’ readers circle #275 on the

+ Convenient postage-paid order cards reader service card.
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New products/materials

Phenolic thermosets have the high
strength and high heat resistance of
asbestos-reinforced engineered ther-
mosets and thermoplastics used in
automotive and electrical applica-
tions, but are asbestos-free. The
glass-fiber—reinforced material pos-
sesses the high-performance me-
chanical, electrical, and thermal
properties normally found in asbes-
tos-reinforced compounds, says the
manufacturer. There are six versions
of the material: RX 862, RX 865,
RX 866D (glass fiber); RX 867, RX
867D, RX 867A (glass and cellulose
fiber).

According to the company, the
RX 800 series exhibits good process-
ing characteristics in screw injection,
transfer, or compression molding,
and shows excellent creep resistance
under load at high temperatures.
Depending on the type, the thermo-
sets feature: a tensile strength from
6,000 to 7,500 Ib/in.2, an lzod
impact strength from 0.6 to 1.3 ft-
Ib/in., flexural strength from 11,500
to 15,000 Ib/in.2, and dielectric
strength from 180 to 300 v/m
depending on conditions. The mate-
rials sell for between 93¢ and $1.30
per Ib.

Rogers Corp., Molding Materials Division,
P. O. Box 550, Mill & Oakland Streets, Man-
chester, Conn. 06040 {475]

A resin system called PR-2042, a
100% solid epoxy-casting resin for
potting and encapsulation applica-
tions, displays a linear shrinkage of
0.006 in./in., thermal conductivity of
3.0 BTU/hr/ft?/°F/in., compressive
strength of 16,000 Ib/in.2, and a ten-
sile strength of 7,000 1b/in.? The vis-
cosity of the material is 6,000 centi-
poises at 25°C. The rigid material is
intended for the impregnation of
coils, chokes, resistors, solenoids,
transformers, rectifiers, and elec-
tronic assemblies. A choice of three
catalysts is provided. PR-2042 can
be cured for 12 to 16 hours at room
temperature. The pot life of the
material for a 100-gram mass is 30
minutes at 25°C. Prices of the resin
vary from $6.05 to $1.26 depending
on catalyst and on quantity ordered.

Formulated Resins Inc., P. O. Box 508,
Greenville, R. |. 02828 [476]
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Mostek expands
familly of 8-bit
microcomputers

AMIi unvelis n-MOS
microcomputers,
deveiopment system

Harris 8-K
PROM accesses
in 50 ns

Software customizes
i/0 boards for
data acquisition

Low-profiie unit
prints 100
characters/s

Electronics/July 31, 1980

Products newsletter

In some of the seven additions to its MK3870 family of 8-bit single-chip
microcomputers Mostek Corp., Carrollton, Texas, is offering 1 and 3
kilobytes of read-only memory to fill the gaps left by existing 2- and
4-kilobyte 3870 family products. The 1- and 3-kilobyte ROM versions will
sell in volume for about 16% and 20% less, respectively, than comparable
2- and 4-kilobyte ROM versions. In 100,000-unit quantities, a 3870 with 2
kilobytes of ROM currently sells for about $6 each; an MK3872, which
contains 64 bytes of executive random-access memory in addition to 4
kilobytes of ROM, sells for about $12. Mostek will begin taking orders in
late August.

American Microsystems Inc. of Santa Clara, Calif., is about to take the
wrappings off its new S2200 family of single-chip microcomputers. The
seven new n-channel MOS devices have on-board read-only memory
ranging from 512 to 2,048 bytes. Three members of the family also have
8-bit analog-to-digital or d-a conversion capability. At Wescon 80 in
Anaheim, Calif., AMI will also unveil its new Phoenix-1, a low-cost (under
$5,500) microprocessor development station that will support the S2200,
as well as Motorola’s 6800 and Texas Instruments’ 990 microprocessors,
among others.

The latest model in a line of field-programmable read-only memories from
Harris Corp.’s Semiconductor Products division is a bipolar 8-k PROM
with a 50-ns maximum access time. The HM-7681A also has a 1,024-
by-8-bit organization and three-state outputs. Housed in a 24-pin Cerdip
package, it costs $35.75 in lots of 100. Production deliveries from the
Melbourne, Fla., firm take eight weeks.

ADAC Corp., Woburn, Mass., has designed a software package to drive
its analog and digital input/output boards that fit Digital Equipment
Corp.’s LSI-11, -11/2, and -11/3 computers. The software, called Adlib,
runs under DEC’s RT-11 operating system and consists of a library of
subroutines that allow users to customize real-time data acquisition in
Fortran or Basic. Included are routines for sequential or random-access
channel selection, programmable gain or external triggering, and real-time
clock functions. The package, which sells for $300, comprises a user
manual and a floppy diskette containing source codes, object codes, and
other library file information. Delivery is from stock.

The DIP-81 dot-matrix impact printer from DIP Inc., Boston, has a
100-character/second bidirectional printout and costs $399 in quantities
of 100 or $499 per single unit. The 17-by-9.75-by-3.5-in. printer uses
7-by-7 or 14-by-7 matrixes, has a full 96-character ASCII set, and prints
lines of 40 or 80 upper- and lower-case characters. A Centronics-
compatible parallel interface is standard; serial RS-232-C or 20-mA
current-loop interfaces are optional. Delivery takes two weeks.
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CIaSSIfled seCtlon FOR ENGINEERING/TECHNICAL EMPLOYMENT OPPORTUNITIES

SOUTH & SOUTHWEST POSITIONS
rEngmeenng and Management posi-
tions throughout the South,
Southwest and U.S. Employers pay
all fees. Send resume In confidence
to: Bob Hogue, P.E.

SouttiWest Teckuical
P.0.Box 33070,
B San Antonio, Texas 78233 mmed

THE NAVAL RESEARCH LABORATORY

ELECTRONICS TECHNOLOGY DIVISION
is seeking a :,

CHEMIST i

GS-9 or 11, $17,035 to $28,855 per annum W()uld
(Salary dependent on quallfications and experlence)

Develops new photolithographic processing techniques for semiconductor vou hlre
devices for use as research vehicles and as evaluation samples. Major
processing steps in fabrication include photolithography, wet chemical H

processes and/or dry chemical reactions diffusion, growth or deposition of an englneer
thin film, assembly and photomask preparation. Knowledge of micro-
electronics photolithography or electrochemistry required. w ho

This position is in the Federal Career Service with all Civil Service benefits.
Interested applicants should submit a Personal Qualifications Statement, y
(SF-171) or detailed resume, prior to August 21, 1980 to: GOUIdn t

NAVAL RESEARCH LABORATORY
CIVILIAN PERSONNEL OFFICE underStand
Attentlon: 68-024-13 E

4555 Overlook Avenue, S.W. H
Washington, D.C. 20375 thls

An Equal Opportunity Employer U.S. Citizenshlp Required s
magazine?

NEW
The Institute of Technology of the University of Minnesota is soliciting ap- POSITION Of course not. ELECTRONICS is
plications for the position of INSTRUMENTATION SPECIALIST. Purdue | | the technical publication for
Magnetic Resonance Laboratory has a . \ \
DIHECTUH Professional staff opening. A unique op- technical people. If they can't

of the recently established portunity for an experienced electronics | | understand it, they can't receive
engineer or scientist to work on instru- | | 3y Thays why, when you're look-

CENTEH FUH MICHOELECTHONIC %'Gﬁ":ﬁ'&m?vg'ﬂ'n?m;ﬂ ing for qualified engineers, you
AND INFORMATION SCIENCES tons. 10 ometical "experiments, | | SNOUId consider our Classified

Experience with either analog, RF, and | | Section.

The purpose of the Center is to concentrate academic, industrial, and w:::”ﬂx”;ﬁ"m:';u‘.“m’; For only $71.00 per inch your
government resources on an interdisciplinary approach to the development probe design, CIDNP, and novel pulse se- recruitment advertising will
of the microelectronic and information sciences and their applications. quences. Primary responsibility is to main- reach 90,000 pre-screened

jain 3nd enhance the capabiity of the NMR | | electronics  engineers—as

In addition to managing the operations of the Center, the Director will work Facility; routine responsibilities include g . )

with a Board of Directors and a Technical Advisory Committee in identify- maintenance, repairs, experimental setup, | | they're reading to combat job

ing suitable areas of research, in developing priorities in the allocation of m,"s':::"‘! o '“"f"‘:ﬂ d".“!* Possi- obsolescence, while they're

:esou;tieh:, (a:ndtun broadening the base of funding and institutional coopera- work. Competitive salary. Applicants with thinking about their future and

lon o EHier experience in other areas of scientific bettering themselves.
instrumentation will be given full considera- .

Applicants must have a PhD. or its equivalent and a strong international tion. Dr. R. E. Santini, Department of T.here 2l chargg for pr?'

scholarly reputation in at least one field pertinent to the aims of the Center Chemistry, Purdue University, West La- setting and free layout service is

as well as proven management ability. The scholarly achievements must be '4'9’:_"!;-2"??47"3007” [!317;’ _494":71; provided.

sufficient to justify tenure in one of the academic departments of the i/ Afimative Action Emotone . For more information call or

University of Minnesota. Opportunity/Affirmative Action Em - write:

Salary will be commensurate with qualifications. GREATER TEXAS POSITIONS —

i i i in. Engineering and related management open- ELE CTR 0 N I c s
Please send a curriculum vitae and list of references to Professor H. Wein | ngﬁs thr ough Ul the Southwi :g_ Top clients

berger, Chairman, Search Committee or Professor W, Franta, Acting Co-Di- paying all fees and relocation expenses.

rector, Center for Microelectronic and Information Sciences, 143 Space Send resume in confidence to: Alan Myler. Post Office Box 900
Science Center, University of Minnesota, Minneapolis, Minnesota 55455 New York, N.Y. 10020
([612] 376-9122) by September 15, 1980, KEY SEARCH Phone: 212/997-2556
P.0. Box 38271
Dalas, TX 75238

138 Electronics /July 31, 1980



We'd like to work for you.

Achievements by our engineers:
they are what keep us out in front,
on the curl of the fast-moving wave
of electronics technology.

And we never forget it.

Breakthroughs from frequency-
scanning 3-D radar to computer-
based technical maintenance infor-
mation systems haven't been ac-
complished by “the company.”

The credit belongs to our individual
hardware, software, and firmware
specialists.

Here at Hughes Ground Systems,
management is always eager to
work with and for members of our
technical staff, to create and main-
tain the most productive working
climate possible. We'll supply every
tool you can use.

If you're an electronic engineer,
computer science graduate, mech-
anical engineer, mathematician, or
physicist —

If you want to move ahead of the in-
dustry tide in radar, special-purpose
and general-purpose computers, air
defense systems, EW, communica-
tions, or ASW systems —

Electronics/July 31, 1980

We'll give you all kinds of support:

Support personnel — some of the
most highly skilled technicians and
programmers anywhere.

Computers — and access to them.

Computerized design, manufactur-
ing, and test assistance — so ad-
vanced we had to invent much of it.

Plus a lot more. Including fel-
lowships and other plans to make it
easy to continue your education.
(Competitive salary, top-of-the-
industry benefits, and suburban
Southern California living are ex-
tras.)

Make us a job offer.

Join us. Hughes is working on a
backlog of at least 1,500 varied as-
signments that add up to more than
$4'2 billion worth of variety, secu-
rity, and future.

Tell us what you want when you
send your resume to:

Hughes Aircraft Company
Ground Systems Group

Professional Employment Dept. E-7B
1901 W. Malvern Ave.

Fullerton, CA 92634

JOINT SURVEILLANCE
SYSTEM

JSS, the new North American
peacetime surveillance and
control system, replaces
SAGE in the U.S. and Canada.
Besides providing air
sovereignty, the system will
support the defense of the
two nations in case of air at-
tack through survesllance,
identification, and intercep-
tor asrcraft control

' HUGHES |

HUGHES AIRCRAFT COMPANV

GROUND SYSTEMS

U.S. citizenship required
Equal Opportunity M/F/HC Employer.
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Software

Engineers.

You wind you up.
We turn you on.

Coulter Electronicsis a world leader
in medical electronics and instru-
mentation. An innovator in precision
products related to health care and
hematological functions.

The technology involved — and the
diversified application problems —
require constant upgrading in software
design and engineering.

Obviously, we can't rely on yester-
day’s technology.

We need engineers with a grasp on
tomorrow. Professionals who care about
contributing to a project totally —from
concept through implementation.

Which is why from day one at
Coulter Electronics, you're highly
visible. Youre contributing. Youre
recognized.

We turn you loose. We turn you on.
Expecting excellence because we have
a tradition of engineering excellence.

Right now, we need Software
Engineers with micro-processor/
mini-computer experience for our
top-down design, structured pro-
gramming environment.

This is your chance to utilize your
degree in Math, Computer Science,
or Electrical Engineering —and your
process control experience.

This is your chance to grow.

Send in your resume and salary
history to: Mr. Pete Chylko, Em-
ployment Manager, Dept. E, P.O.
Box 5-2794, Miami, Florida 33152.

PORNINIDDY

COULTER ELECTRONICS, INC.
INNOVATING A VITAL TECHNOLOGY.

An Equal Opportunity Employer M/F

NOTICE
TO
EMPLOYERS:

Why
we can recommend
our readers
for the top jobs

The subscribers to this magazine have
qualified professionally to receive it. They
are also paid subscribers —interested !
enough in the technological content to have
paid a minimum of $18 for a subscription.

As subscribers to ELECTRONICS, our
readers have told you several things about
themselves. They are ambitious. They are
interested in expanding their knowledge in
specific areas of the technology. And they
are sophisticated in their need for and use
of business and technology information.

Our readers are now in senior engineer- |
Ing or engineering management, or they are
on the road toward those levels. In either
case, they are prime applicants for the top
jobs in almost any area.

If you are interested in recruiting the
best people in electronics, these pages are
open to you for your recruitment advertis-
ing.

Our readers are not “job-hoppers”. To
interest them you will have to combine
present reward with challenge and op-
portunity for future career advancement.

The cost of recruitment advertising on
these pages is $71 per ad-
vertising inch. For information call or write:

Bectronics

Post Office Box 900, New York, NY 10020
Phone 212/997-2556
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THOMAS AIVA HAD THE SPIRIT.

Out of darkness.

Into the light.

A lone man pursued his
dream and invented the electric
incandescent lamp.

It was a unique moment in
history. When dedication,
curiosity and creativitg converged
to achieve the impossible.

The spirit of innovation that
inspired Thomas Alva Edison to
éreatness lives on today. At Harris

emiconductor in Melbourne,
Florida.

Where the simple trans-

mission of electrical current has

A
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developed into the highly com-
plex world of microelectronics.

Where state-of-the-art IC
technology and commitment to
excellence are a way of life.

At Harris Semiconductor, we
realize that real progress cannot
occur without creative freedom.
And we are dedicated to provid-
ing gust that for our engineering
professionals.

Thomas Edison’s achieve-
ment opened the door to a future
of electronic technology. Harris
Semiconductor is the future of
microelectronics.

You missed that first historic
journey from darkness into light.

NAME

Don't miss this opportunity to
make engineering history at
Harris today.

If you have the spirit—fill out
this confidential mini-application
and rush it to: Manager,
Professional Staffing, Harris
Semiconductor, P.O. Box 883,
Dept. 233, Melbourne, Florida
32901.

) HARRIS

SEMICONOUCTOR GROUP

Equal Opportunity Employer M/F

THE SPIRIT ISALIVE.
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IC DESIGN
ENGINEER

CPI. a leader in pacemaker design and development is setting up a
new IC division to design and develop its own IC circuits

We have a unique opportunity for an experienced development
engineer to design I’L integrated circuits. Would prefer I7L
experience but would accept digital bipolar experience. This exciting
new position will have responsibilities for project leadership and will
provide state-of-the-art challenges.

If you are interested in this ground floor opportunity, please send
resume In confidence to Roy Prigge

CP! ofters an ) benet

Cardiac Pacemakers, Inc
4100 North Hamline Avenue
P O Box 3079

St Paul. Minnesota 55165

| package i
dental insurance and 100% paid tuition program

CARDIAC PACEMAKERS, INC.

4100 North Hamline Ave.
P. O. Box 43079
St. Paul, Minnesota 55165

We Are An Equal Opportunity Employer

luding profit sharing,

RF POWER ENGINEERING
CAREER OPPORTUNITY
IN THE COLORADO ROCKIES

We have an immediate opening
for a project engineer to design
advanced high power HF/VHF
equipment and systems for
medical, scientific, and com-
munications applications. Must
have proven capability including
relevant rf experience and the
initiative to carry projects thru to
successful production. BSEE/
MSEE and some solid state
power, digital, and control ex-
perience is desirable. Openings
also for rf technicians.

ETO is a respected and growing
small company where true
“ground floor” opportunity still
exists. Our 5500 foot elevation at
the mouth of the “Royal Gorge of
the Arkansas” affords one of the
world’'s most attractive year-
round living and recreational
environments.

PLEASE SEND RESUME WITH
SALARY REQUIREMENTS TO
PRESIDENT, ETO, BOX 708,
CANONCITY,CO 81212,

An equal opportunity employer

S.W. & SUNBELT

© Software
o Design ME's
« Communications

o System EE's
o Design EE's
® Product EE's

$20,000 to $50,000
100% Fee Paid

Specializing in placing technical people
with data acquisition and peripherai
equipment manufacturers located
across southemn U.S. Send complete
resume, salary history and geographic
preferences to:

J robert Thompson companies. INc.

B Management & Employmaent Consultants

. . 2200 West Loop South. Sulte 800
Houston, Texas 77027 713/627- 1940

ENGINEERS
TECHNICIANS

You've put in the time and effort
to be the best at what you know.
Now is the time to be rewarded.
Major corporations throughout
Florida are currently seeking
engineering professionals at all
levels. Client companies pay all
fees. Send resume in confidence
to:

Lionel Parthner
Marc Todd Career Consultants
Gateway Building
Suite 811
1150 N. Federal Highway
Ft. Lauderdale, FL 33304
305-462-8603

TEXAS
SALES ENGINEER

POSITIONS
EE'S, CHEM E'S, ME’S

Fees and expenses paid. Our
speciality 1s technical sales.
Excellent positions now avail-
able. Send resume/goals to:
Sherman Stone, RECRUITERS
OF TEXAS, Personne! Recruit-
ers, 4000 Medical Parkway,
Suite 131, Austin, TX 78756
{512)454-9546.

POSITIONS VACANT

Systems Engineer—Interface
graphics terminals to SEL 32/35
computer; write 1/0 handlers.
Provide maintenance for interactive
graphics software. Development of
mathematical models in their simula
tion, including models of 6 DOF rigid
body kinematics. Operate and serve
as Systems Coordinator for SEL
system. Requires knowledge
SELRTM operating system and job
control language. Position requires
MSEE, at least 1 year systems
programming experience and
knowledge of Fortran assembly and
microprogramming. Salary is
$19,000 per year. 40 hours per
week. Send resumes to: Denise
Deffe, Rothe Development, Inc., P.O.
Box 53038, Houston, TX 77058,
713-488-7529. Equal Opportunity
Employer.

The Department of Electrical
Engineerin$ of Gonzaga Universit:
invites applications for a tenure trac

position at the Assistant Professor
level. Desired areas of expertise are:
electromagnetic fields, communica-
tions and solid state electronics. A
PhD. and some practical experience
are desirable. Send resume to: W.P.
ligen, Dean, School of Engineering,
Gonzaga University, Spokane, W.

99258. An equal opportunity/affir-
mative action employer

Control Engineer/Pilot—M.S. in EE.
or Aero E. needed for helicopter
cockpit design and control. Position
requires cockpit experience in heli-
copter and strong background in
graduate level optimal control
theory, man-machine interaction and
hand-eye coordination problems,
Salary range $22 to 28 K. Send
resume to: SDI, P.O. Box 13687,
Gainesville, FL 32604. (Location—
1219 NW. 10th  Avenue,
Gainesville).

EMPLOYMENT SERVICES

tlectronic engineering growth posi-
tions with clients located nationally.
Qur service 1s enhanced by the fact
that | am an EE with 20 years in in-
dustry and over 10 years in placing
professionals on an employer fee
paid basis. Send your resume to Joe
Torcassi. Dwector, J. Anthony &
Associates, PO Drawer AD,
lié?\cshbu'g' OH 45142. 513/364-

FACULTY POSITIONS VACANT

ENGINEERS
SEND YOUR CREDENTIALS TODAY!
TRANSITION to your new CAREER OBJEC-

TIVES using TSC's
search resources.
TRANSITION SEARCH CONSULTANTS
2697 Intemational Parkway, Suite 203,
Virginia Beach, Virginia 23452
804-427-3700

Faculty Positions in Electrical
Engineering Technology Under-
graduate teaching positions n
electrical engineering technology
available on August 16, 1980 in Tus-
caloosa. Alabama at The University
of Alabama. Teaching duties will be
in the area of circuits and electronics
and one or more of the following
areas. power, controls, communica-
tions, digital electronics. Master's
degree or equivalent and at least one
degree in EE or EET desirable. Some
recent relevant industrial experience
required. Some teaching experience
desirable. P.E. registration desirable.
Although positions are tenure track,
applications are desired from those
wishing a temporary appointment for
all or part of the 1980-81 academic
year. Applicants should send a com-

lete resume to: Dr. John D. Antrim,

rector, En%meenng Technology
Programs, The University of Ala-
bama, P.0. Box 1941, Unwersity, AL
35486. An EQ/AA employer.
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Electronics/July 31, 1980

B Permag Corporation

Pertec Computer Corp./Peripherals Division

o1 Enai "
v - .’ro

107

47

12

Pro-Log 25
RAC Reliability Analysis Center 108
* Racal Dana Instruments, Ltd. 64
RCA Corporation Lancaster 54
* Siemens AG 69
Signetics Corporation 17
Sprague Electric 51
Synertek 35
Systems Engineering Labs. 32
Tansistor Electronics 48
Tektronix 27
Teledyne Crystalonics 131
Texas Instruments, inc. (Digital Systems Div.) 81
Texas instr Semicond 18, 19
Textool Products 14
Three Phoenix Company 100
TRW L8I Products 85
Unitrode Corporation 70. 71
Wilhelm Werstermann 8
Xciton 48
Xebec Company, Ltd. 88

Classified and omploymont advertising

F. J. Eberle, Manager 212-997-2557

Cardiac Pacemakers
Coulter Electronics

E.T.0. Earhorn

Harris Semiconductor
Hughes Alrcraft Co

Key Search

Marc Todd Career Consult
Minnesota Univ

Naval Resesrch Lab
Purdue University
Recrulters of Texes
Southwest Technicel
Thom, Robert J. Cons Inc
Transition Search Cons

1+ For more information of complete product line see
advertisemnent In the latest Electronics Buyers Guide

* Advertisers in Electronics International

$ Advertisers in Electronics domestic edition
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DEFENSE ELECTRONIC

PRODUCTS AND SERVICES
U.S. Suppliers
1980

Edition
4298 pp.
$40

The only technical sourcebook
of its kind, covering more than
40 categories of U.S. defense
products and services.

Sixty major U.S. suppliers
provide detailed specifications
and some 300 iltustrations in
such categories as...

e Command and control ¢ Com-
munications, including data
communications e Displays ® EW
e Fire control e Maintenance
services ® Navigation e Radar

® Recorders e Systems engi-

| neering ® Telemetry e Test

equipment and instruments

¢ Training aids and simulators
® Plus...cross-index and five
appendixes.

| Order your copy today!

| The Directory of Defense

{

Electronic Products and
Services, 1980
Electronics Magazine

|

1221 Ave. of the Americas

New York, NY 10020 USA
Please ship_____copies of
“The Directory of Defense

| Electronic Products and

Services, 1980" at $40 each,
postage and handling included.
Non-U.S. orders add $14 for

air shipment.

Payment must accompany order,
checks payable to Electronics.

Name /title

Company/organization

Address

City/postal code/state /country
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When are you going to get your very =] o 13
own, personal subscription to Electronics?

It could be very important to you
And we're not just referring to your status in the
office hierarchy.

You (and we) are in a quick-moving
business. News breaks frequently. Change is the
name of the game. Awareness is the way to win.

You've got to follow what's going on
beyond your specialty. Your career may have to
last longer than your specialty.

If change is the game, obsolescence is
the penalty for losing. Obsolescence of products,
of technology and, unfortunately, of people. We
can't change this fact. But we can help you cope
with it.

Give us one hour of reading time every
two weeks and we will keep you aware of what's
going on around you and around the changing
world of electronics technology.

Move up. Fill out one of the subscrip-
tion posteards i this issue.

Electronics Magazine.
The one worth paying for.

Upward mobility.

Advertising Sales Staff

Advertising sales manager: Norman Rosen

3200 Wilshire Blvd., South Tower
Los Angeles Calil. 90010 {213] 487-1160

Market managers:

Components: William Boyle, Rochester, N.Y.
Computers & Peripherals: Frank Mitchell, Boston
Test & Measurement: Don Farris, San Francisco
Semiconductors: Norman Rosen, Los Angeles

Atlants, Ga. 30309: Peter Stien

100 Colony Square, 1175 Peachtree St., N.E.
[404) 892-2868

Boston, Mass. 02118: Frank Mitchell
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Dallss, Texas 75201: John J. Uphues
2001 Bryan Tower, Suite 1070

[214) 742-1747
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3200 Wilshire Bivd., South Tower
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[415) 362-4600

Paris: Michael Sales
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Scandinavia: Andrew Karnig and Assoc.
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23 Chaussee de Wavre

Quarts

Quarts  INVERTER

Noiseless & FREQUENCY CONVERTER
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DASO-1H DAX200-1H
SPECIFICATION
Model DASO-IH | DAZ200-1H | DAX200-tH | DAX300-I1H DAX300-2H DAXS00-2H
Output_Power | VA ! 200VA | 200VA l 300VA | 300VA | 500VA
input Voltage | DCIE 16V | DCIL -6V I DC11--16V DCI1- 16\ 1)C22~ 32\ | DC22~ 32V

Output Voltage | ACII5(230)V | ACII5(230)V ["aci5(30) v L ACHSE30Y | ACNI52300V | ACHI5(230) V
Outgst Regulation | less than * 5% | Less than +5% | Less than +5% | [.ess than 5% ! Less than 3% | [.ess than 3%
Qutput Distorsion | l.ess than 10% | l.ess than 10% | l.ess than 5% | l.ess than Less than 5% | l.ess than 5%

Dimension (mm) | 178X 110X233 | 178 7153213 | 180~ 183 » 261 | 180x 183 X391 | 180~ 183 + 301 | 220 %350 x 300

Wewht (kg | 6.0 | [ 7.0 T 1zo 1 2o | 150

Agency Open for some arens KOJIMA ELECTRIC MFG. CO., LTD.
New York, Chicago & Los Angeles Hesd Office : 2.26.8. Minamikaneden, Suita-Shi, Osaka 565, Japan

Phone : (06)385.3523 Cable . “KOJMAMFG OSAKA™
Tokyo Office : 3-15.3. Toyotamakita. Nerima-ku. Tokyo 176, Japao
Phone : (03)948.1312
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1040,
Tel: 513-73-95
Frankturt/ Main: Fritz Krusebecker
Liebigstrasse 27¢, Germany
Tek: 72-01-81
Tokyo: Akio Saijo and Hirokazu Nakamura
McGraw-Hill Publications Overseas Corporation,
Kasumigaseki Bculldl 24-(5. §r-chom.
Kasumi ki, Chiy u, Tokyo, Japan
[581) 9%1?

Business Department
Thomas M. Egan

Production Director

[212) 997-3140

Carol Gallagher

Production Manager

[212) 997-2045

Betty Preis

Production Manager Dx L
(212) 997-2908

Thomas Kazich

Production Manager Related Products
[212) 997-2044

Karen Walpole

Production Assistant

[212) 997-2843

Frances Valione

Reader Service Manager

{212) 997-6057

Electronics Buyers’ Guide

H.T. Howland, General Manager
(212) 997-6642

Regina Hera, Directory Manager
(212) 997-2544

Classified and Employment Advertising

Frank Eberle, Manager
[212) 997-2557
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I/OSYSTEMS

FROM OPTO 22

Huntington Beach, California . . . Opto 22, originators of
the industry standard 1/O system, announces the second
generation in /O Systems in both serial and parallel
configurations.

SERIAL ADDRESSABLE RACK (PB 16S1)
Communication with multiple input/output stations.

32 station address capability per serial loop.

Up to 16 power /O modules per station.

Switch selectable baud rate.

Opto 22 provided firmware includes message protocol,
event counter, self test, watch dog timer and more.
Plug in modules provide choice of:

1. 20 Ma Current Loop.

(PB 16P1)

2. RS 422 Balanced Differential Drivers and Receivers.
3. Sptically Coupled Drivers and Receivers.
4. RS 232

PARALLEL ADDRESSABLE RACK (PB 16P1)
Bidirectional Communication with input or

output modules.

64 station address capability.

Up to 16 Power Input/Output modules per station.
50 Conductor Daisy-Chain cable connects all racks
to host controller.

On-board station address select switch.

15272 Relay Circle, Huntington Beach, CA 92649
(714) 892-3313

Another Opto 22 product available for immediate shipment.

Circle 901 on reader service card



SILICON OPTO CHIPS

'r

from Clairex

PHOTOTRANSISTOR PHOTOVOLTAIC PHOTODARLINGTON
CHIPS DIODE CHIPS CHIPS

Now you can make your own hybrids,
arrays, solid-state relays and special sensors.

The Clairex line of voltaic mode. The photo- packaged in glass vials
silicon photodetector transistors are each filled with Freon.

chips consists of four available in two sensitivi- Call 914-664-6602 or
photodiodes, five photo-  ty ranges. All chips from write Clairex®
transistors and one Clairex have gold back- 560 South Third Avenue,
photodarlington tran- ing to facilitate ohmic Mount Vernon,

sistor. The diodes are in- bonding and are 100 % New York 10550.

tended for use in the tested before being

CLAIREX ELECTRONICS

A Division of Clairex Corporation

Circle 902 on reader service card





