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The trimmer gourmet’s choice.
Feast your eyes on Bourns Trimpot® trimmers — the
choicest and broadest trimmer line anywhere. A
banquet of trimmers with outstanding quality and
performance at cost-effective prices to please
the most discriminating design connoisseur.

improvements. We re working on design solutions today
for your application needs tomorrow.

Introducing the Trim Bin™ Trimmer Kit. Here are
some appetizers to tantalize your trimmer palate: A
complete assortment of the most popular Trimpot

Le Plus Grand Menu trimmers and MFT™ trimmers/resistors i.n a
Rectangular, square or round convenient package for just $99.95*. A
Sealed or open-frame —~ value of over $200, the kit contains
Wirewound or cermet ‘,"’::',, : 127 parts representing 50 varieties of

- o SIS resistances and pin styles, plus adjustment
Single or multi-turn ale _Ta P 5 J

tools and design aids. It's available from
your local Bourns distributor.

Vive la Résistance! Call your Bourns
representative or distributor for more
information and for your new 94-page
TR-1 trimmer catalog.

TRIMPOT DMISION, BOURNS, INC., 1200 Columbia Avenue,
Riverside, CA 92507. Ph: 714 781-5320. TWX: 910 332-1252.

European Headquarters: Bourns AG, Zugerstrasse 74 6340 Baar,
Switzerland. Ph: 042 33 33 33. Telex: 78722.
*Domestic U.SA price only

Select the size, shape, type of element
and method of adjustment to suit your
taste. They're served in an assortment of
resistance values and pin styles to satisfy all
of your design needs.

Bourns is dedicated to serving all of your
trimmer requirements . . . both now and in

the future. Look for future innovations in down-
sizing, increased performance and cost-effective

3 . The last word in resistive components
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For immediate Application—Circle 120 For Future Application—Circle 220
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| HP’s new budget-minded
| Microwave Spectrum Analyzer

- Thenew HP 8559A

 delivers precision
and convenience
for a wide range of
applications.

use. Most measurements can be made
using only 3 controls. You simply tune to
the signal. set frequency span (resolu-
tion and sweep time are automatically
optimized). and then set the reference
level and read signal amplitude.

The 8559A is a high-performance

B 2
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HP’s new 8559A Spectrum Analyzer plug-
in with the HP 182T display is easy-to-use.
economical. and portable. The combina-
tion weighs less than 40 pounds and its
rugged design makes it excellent for field

45002

HEWLETT
PACKARD

instrument at a truly affordable price.
For more information on this budget-
minded instrument call your nearby HP
sales office. or write Hewlett-Packard,
1507 Page Mill Rd., Palo Alto. CA 94304.

Domestic LS. price only
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Get 1 watt output from
your H-P generator
with a Mini-Cirecuits amplifier!

0.05 - 1000 MH:

from $ 199

Need morethan the 10 mw available from
your signal/sweep generator or synthesizer
for system and subsystem testing?

Just add a Mini-Circuits’ ZHL wideband
amplifier and boost the 10 mw level to 1
watt or +30 dBm. Also, there’s an additional
benefit ... as much as 40 dB isolation will
be added between the generator and the
system under test. And VSWR is less than
2:1 over the full frequency range.

Upgrade your present generator now ...
check the specs and low prices below and
order your ZHL wideband amplifier today
... and we will ship within one week!

GAIN MAX. POWER | NOISE | INTERCEPT

MODEL | FREQ. | GAIN |FLATNESS| OUTPUTdBm  |FIGURE|  POINT Re POER FIVCE

NO. | MHz | dB dB  |1-dB COMPRESSION| db |3rd ORDER dBm|VOLTAGE|CURRENT |$ EA. QTY.
ZHL-32A |0.05-130 | 25 Min. | +1.0 Max. +29 Min. 10 Typ.| +38 Typ. +24v 06A |199.00 (1-9)
ZHL-3A | 0.4-150 |24 Min. | +1.0 Max. +29.5 Min. 1 Typ.| +38 Typ. +24v 0.6A |199.00 (1-9)
ZHL1A | 2-500 |16 Min. | £1.0 Max. +28 Min. 11 Typ.| +38 Typ. +24v 0.6A [199.00 (1-9)
ZHL-2  [10-1000 |16 Min. | 1.0 Max. +29 Min. 18 Typ.| +38 Typ. 124V 06A |349.00 (1-9)
ZHL-2-8 | 10-1000 | 27 Min. | +1.0 Max. +29 Min. 10 Typ.|  +38 Typ. +24V | 065A |449.00 (1-9)

Total safe input power +20 dBm, operating temperature 0°C to +60°C, storage temperature -55°C to +100°C, 50 ohm impedance, input and output VSWR 2.1 max.
For detailed specs and curves, refer to 1979/80 Microwaves Product Data Directory, p. 364-365 or EEM p. 2970-2971

2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200
Domestic and International Telex 125460 International Telex 620156

Circle 2 on reader service card

World's largest manufacturer of Double Balanced Mixers

[ Mini-Circuits

MINI-CIRCUITS LABORATORY

A Division of Scientific Components Corp

R45/Rev/C
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Highlights

Cover: 8087 handles math for microprocessors, 114

The new number cruncher in the 8086 family fully implements the proposed
IEEE standard for floating-point numerics—and offers a few extensions as
well. It has high immunity to overflow, underflow, and errors, thanks to a
“temporary real” data format that allows rounding of intermediate results.
The high-performance MOS math-processing chip typically boosts the 8086’s
calculation rate by a factor of 100.

Cover is by Art Director Fred Skilenar.

Motorola reveals strategies for 16-bit microcomputer battle, 89

With thousands of 68000 microprocessors coming off the line each month,
doubts expressed in some industry quarters that Motorola Inc. will soon have
peripherals ready to support them are countered by an announced schedule
of nearly a dozen peripheral chips. Supporting the firm’s intention to sell
boxed 32-bit systems, planned silicon includes a memory management unit.
Positions of other industry competitors begin to solidify in light of this and
recent word from Intel Corp.

Magnetostatic-wave prototypes operate in microwave region, 123

Thin yttrium-iron-garnet films grown epitaxially—with techniques devel-
oped for magnetic-bubble memories —support magnetostatic waves that can
be used in filters and delay lines. Prototypes now being used in signal
enhancers and other devices operate at 1 to 20 GHz.

Tight hardware control makes C code shine on small computers, 129

Code written in C, a structured, high-level programming language, can
manipulate computer hardware in the direct manner assembly code does,
making it especially useful for programming small computers. At the same
time, C offers portability and productivity advantages.

NCC special report: computer makers brace for software crunch, 142

Surveyed on the eve of the National Computer Conference, engineering
managers and research directors from a number of hardware makers have
software very much on their minds. Customers demanding complete solu-
tions to specific problems are in effect asking them to do more software work
in the face of a programmer shortage.

. . . and in the next issue

Special report on the latest dynamic random-access memories . . . a flexi-
ble computerized processing facility for large- and very large-scale inte-
grated circuits . . . developments in power MOS FETs . . . a new 32-bit
mainframe with large virtual memory . . . breadboard-stage estimation of
light power coupled into butted optical fiber.
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open the doorto lIEEE-488

multi-
with a KEPCO 9hannel
interface

with the Kepco interface, Model SNR-488-8,
you can put up to eight different program-
mable power supplies on an IEEE-488 bus

high voltage (up to 1kV)

unipolar or bipolar outputs

both voltage and current

with 12 bit or 3-bcd resolution

small voltages with range selection
power from 20 watts to 1000 watts
any instrument that’ll respond to 0-10V

Use the reader service number to request an informa-
tive 12 page Brochure on how to interface power sup-
plies to IEEE-488 or write Dept. CYF-14

KEPCO.

KEPCO, INC. - 131-38 SANFORD AVENUE - FLUSHING, N.Y. 11352 U.S.A. * (212) 461-7000 + TWX # 710-582-2631 - Cable: KEPCOPOWER NEWYORK
Circle 5 on reader service card




NOWIII
theonly
RF power
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 50 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 anywhere! 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 Ieiter

what better time to take a close

look at technology trends in com-
puters than the arrival of the annual
National Computer Conference?
That’s exactly what computers and
peripherals editor Tony Durniak has
done (p. 142) as part of our package
of articles and news stories tied to
the Ncc, which this year will be held
in Anaheim, Calif.

As has been expected for some
years, the thrust of computer tech-
nology has now shifted to domina-
tion by'software. “I see this concen-
tration on software as a portent of
fundamental changes in the struc-
ture of the industry and in the way
the industry does business,” Tony
observes. “Companies have begun to
set up special software divisions and
we may even see ‘software facto-
ries’,” he adds.

Computer companies have been
talkingl about the growing impor-
tance of software for almost a
decade. Now it’s no longer a trend to
talk about—it’s here. “Software
design cannot be ignored,” Tony
comments, “nor will the anticipation
of so-called software in silicon come
close to altering the situation.
Design, distribution, and sale of soft-
ware will engage the industry’s
closest attention for some time.”

Turning to the hardware, Tony
points out two major themes in state-
of-the-art technology. First is what
he calls the “continuum of computer
power” —that is, the arrival of single
very large-scale integrated chips
with the capabilities of minicomput-
ers or even mainframes. Second, as a
result of the first trend, computer
designers are probing deeper into
semiconductor technology.

Besides this look at computer
technical trends, the NCC package
includes a review of the conference
sessions (p. 150) and a special sec-
tion devoted to exclusive new prod-
ucts to be introduced at the show
(p. 185). Once again the number of
exhibitors has increased, with over
400 companies occupying booths.

Those who attended the last NCC
in Anaheim will no doubt remember
the use of a parking garage —euphe-
mistically called the West Hall—for
some of the exhibits. This year there
will again be a West Hall, but the

sponsors have made assurances that
the ambience will be improved.
Some $250,000 was spent on air-
conditioning equipment. In addition,
over 100 companies will have booths
in the Disneyland Hotel’s lower
exhibit hall. This new hall, by the
way, used to be a parking garage,
which may be another NCC trend as
the industry keeps growing.

tarting on page 93 is a story writ-

ten by WB2EZG, which is the
call sign of circuits editor and ham
radio operator Vince Biancomano.
The hitherto unsung saga of Doug
DeMaw’s and Wes Hayward’s ef-
forts to upgrade the quality of ham
radio receivers and to establish stan-
dards of measurement is close to
Vince’s heart.

He, too, has experienced the
receiver problems of the amateur
radio operator that DeMaw and
Hayward have tried to solve. And in
the 17 years since he got his license,
Vince has seen improvements in this
hardware.

In the case of transmitters, the
pendulum is swinging to equipment
one-upmanship. ‘“‘Nowadays, it
seemns the idea is to be the loudest,”
Vince complains. “With kilowatt
amplifiers out there, receivers some-
times can’t handle the signal
strengths at the antenna and break
into oscillation from overloading,”
he explains.

A devoted operator, Vince tries to
make an annual trek to Monte Car-
lo, Monaco, carrying his radio gear
along in order to broadcast from one
of Europe’s rare ham locations. The
objective is to be a “DX,” one of the
foreign contacts prized by ham oper-
ators around the world. This year
Vince has another dream, which
should be more difficult to realize.

“Young Prince Albert of Monaco
is a ham operator, call sign 3A1A.
Maybe [ can use my radio connec-
tions to get an invitation to tea with
Princess Grace,” he jokes.

7 A
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riced from 29950

. ™
Nicolet System 50 stores designs in its 'I‘Nl::oé::tsz,:;:::l:gl.e use System 50 on the kind of work they
ar

memory and displays them on a screen.

Your designers can draft layouts quickly and automatic
drafting system.

without effort. When the final layout
is finished, System 50's pen plotter inks a
clean original automatically.

Takes away System 50 performs all the

tedious, repetitive work
the tedlum. on command. [t can
revise layouts, repeat traces and pads
throughout a drawing and do lettering. It
can even take designs from one layout and |
drop them into another, positioning and
rotating them as required. It works on PC.
layouts, schematic diagrams, hybrid circuits and

mechanical drawings.
System 50 helps make original

More l'esu1ts, designs and any revisions fast
less effort. and easy. Because it makes your

design staff more efficient, more productive,
you'll get prototypes faster and get your product to the
marketplace sooner.

Your designers will be happier, too, because
System 50 is so easy to use. It makes their work less
tedious and more rewarding. They'll be free to spend
more time on the design aspects of their work. They can
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e doing right now. With the many models

and options to choose from, you'll tailor
the system to fit your situation exactly.

lnvestment System 50s prices

o range from $29,950 to
spending. 59730, and ics as

easy to operate as it is to afford. It’s a
computer-aided drafting tool that you
just plug in and use.

System 50 is not only easily affordable
by all drafting departments but it can
actually pay for itself in a year through

increased production efficiency. System

50 is being successfully used in departments with only
a few designers as well as in departments with over
a hundred.

Find out how Nicolet System 50 can make your
department more efficient. Just write Mike Smith,
Nicolet CAD Corporation, 735 Addison Street,
Berkeley, CA 94710. Or phone
415/848-6600 to arrange a H

demonstration soon.

NICOLET
= CAD
CORPORATION
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PcM|

(printed circuit

| module) |
mm

' ranges
# % trom 220 pF
« Fato 1.0 pF

| WIMA were first with

2 5 mm pcm plastic film
capacitors — miniature
components designed
for semiconductor
technology.

WIMA plastic film capac-
itors show greater

_ reliability and should be
preferred to other types.

The uniform lead spacing
| of 5 mm for the complete
capacitance range is
ideal for automatic
component insertion.
WIMA have always been
in the forefront of

plastic film capacitor

technology.
®
T
FKP2: 220pFto0.01 uF:D.F.2-4x10™
FKC2: 220pFto0.01 uF:D.F.1-2x10"
FKS 2: 1000 pFto 0.015 uF: D.F. 5-6x 10"
MKS 2: 0,01 uFto 1.0 pF:D.F.5-8x10°?

(Typical values at 1000 Hz)

WILHELM WESTERMANN
Spezialvertrieb elektronischer Bauelemente
P.0O. 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 Blvd., Burbank
California 91505 - (213) 846-3911
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Readers’ comments

Doubts about Japan

To the Editor: Having chaired some
five sessions over the past eight years
at the annual IEEE Reliability Phys-
ics Symposium and as the author of
several technical publications in the
field, I believe that I can speak with
some authority about “How Jap-
anese manufacturers achieve high IC
reliability” [March 13, p. 140].

The authors point out that “defect
density has an adverse affect on
device yield” and that “aluminum
corrodes easily in reaction to mois-
ture”; that “handling precautions
are needed to protect devices from
static electricity”; that “ionic con-
tamination has also been a major
cause of failure in semiconductor
devices™; that “‘crack-free passiva-
tion layers must be placed atop the
metalization”; and so on. The failure
mechanisms that they cite are very
old, very well researched, and very
well characterized, and they have
been under control for years now by
all of us.

The authors state, “In Japan,
quality-control activities are compa-
nywide. . . . This is in sharp con-
trast to the approach to quality con-
trol taken in the U.S.” This is cer-
tainly not true in the semiconductor
companies that I have worked for in
my 19-year career, including Texas
Instruments and National Semicon-
ductor.

They also say that “a language
barrier works in favor of Japanese
industry. Most Japanese engineers
can read and understand the many
papers and publications on quality
control and reliability written in
English.” It is true that they do have
a lot to read. The literature of IC
quality and reliability is and has
been totally dominated by U.S.
workers. 1 would like to challenge
the authors to name just one signifi-
cant failure mechanism that was
studied and first reported by a
Japanese worker. All of the mecha-
nisms described in this paper were
discovered and originally reported in
this country.

Mr. Goto and Mr. Manabe write,
“Last year, when soft errors in
dynamic RAM’s were big topics, NEC
had a rush of orders from all over

the world because it had no soft-
error problems in its 16-K RAMs. A
soft error is the transient upset of
memory caused by an alpha parti-
cle.” NEC, however, was completely
unaware of this mechanism until
Intel’s Murray Woods published his
classic studies in April 1978. And if
NEC parts did have any special
resistance to alpha particles during
the production year 1979, it was by
blind luck rather than via some
intentional special processing.

Regarding clean-room conditions -
in the U.S. versus Japan, laminar-
flow clean benches were invented in
this country by Sandia. Also, a prop-
erly designed clean room will not
transport particles from the floor to
the work areas because of the highly
directional nature of the filtered air
flow. And typical U.S. worker
clean-room attire is not substantially
different from that of the Japanese
in any case. We will admit that we
don’t care what our people wear at
home.

When they say, “This seems to
have promoted a passive attitude
toward reliability assurance on the
part of the [U.S.] manufacturers.
They do not work on things for
themselves but follow the military’s
lead,” they are patently wrong. The
reliability and quality effort of my
employer, National Semiconductor,
which | believe is representative, is a
major, top-priority effort that oper-
ates across all of the levels of the
organization.

The general flow of technical
innovation in solid-state electronics
has been and continues to be a one-
way street from the West to the
East. I know of no significant inno-
vation, from the germanium junction
transistor, through the first planar
TTL circuits, to today’s ion im-
planted, arsenic-diffused n-channel
MOS microprocessor chip, that came
from Japan.

Japanese solid-state components
are not more reliable than U.S.
products. They never have been. In
my opinion, they most likely never
will be.

James A. Cunningham
Santa Clara, Calif.
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For Your Bit-Slice
Microprocessor Design [

Microprogramming
Development
Systems

Hilevel Technology’s development
systems are designed to make
microprogram development and
production testing fast, easy and

economical. Ideal for all high-speed
These high-speed development micfoprogrammed processors

and diagnostic tools emulate
PROMs of any conceivable size
and configuration with super-fast
RAMs down to 20ns access time.
A host of edit and debugging
functions (including a 1K Trace)
are available. RS232 ports are
standard, featuring 19200 baud
for both up- and down-load of
microcode. The DS200 has an
optional printer port.

Meet two members of
Hilevel Technology’s family
of high performance
development systems:

Our development systems are
superior in both hardware and
software design. They have
proven themselves in major
installations internationally —
with up to nine systems in use at
a single location.

For full details on what these and
other hardware and software
products can do for you,
regardless of your development
task or budget, contact:

I I I LEVEL The stand-alone DS
is Hilevel Technolog!

TECH NOLOGY, lNC. llowel:c\:)st deve'l]:p(r;em

system.

14661 Myford Road ® Tustin, California 92680
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For over a year now, weve been With our standard 4MHz CPUs, you
telling you the AmZ8000 is the best ~ can move a data item every 2.5 usec.
16-bit microprocessor family there is.  And you can interrupt the instruction to

But because different applications  take care of other business.
demand ditferent capabilities, now

weTe going to tell you why the “The AmZ8000 is better
AmZ8000 is better for your applica- at handling Iarge memory
tion —small business computers. space with security."

“The AmZ8000 is better The AmZ8000 addresses up to 8M
at handling strings of bytes of memory directly. And every ad-
chara cters or dataw or ds:. dress reference can point to any location

In memory.
The AmZ8000 has ‘ The AmZ8010 Memory
special block I/0 Management Unit works
instructions that allow together with the CPU

to allow you to identify
and assign anywhere in
memory as many as 128
segments of up to 64K
bytes each. And every

you to move from

1 byte to 64K bytes of
data in a single instruc-
tion. Into or out of
memory. Ascending or
descending addresses.

John Springer.
Product Marketing Manager.
AmMZ8000 Family.

“The AmZ8000
is better for small
business computers.



single segment can be protected.
Under program control, a segment
can be restricted to the operating sys-
tem only. Or it can be read-only. Or it
can be execute-only. A DMA butfer
area can even be protected from any
access by the CPU. That’s security!
Fact is, you can’t get more software
security on any other small computer.

“The AmZ8000 is
better for easy, flexible
programming.’

Our macroassembler has structured
programming features that help you
write efficient code. We've got IF-

THEN-ELSE statements, relocatable
output, and conditional assembly.

Cross-software is available, too.

And with AmZ8000’s advanced archi-
tecture, your software doesn’t have
to fight its way through register bottle-
necks. We've got 16 registers. Count
them, 16. Use them for data, indexes,
addresses, or whatever you need.

There’s even more: intelligent periph-
eral circuits for DMA; interrupt control
and floating point; bipolar support chips
to provide high-speed butfering and bus
interface; and hardware support for
operating systems.

And as if all that isn’t enough, we
also give you MIL-STD-883 for free.

If you're designing a small business
computer, think AmZ8000. It’s avail-
able right now.

And it’s the best 16-bit family for you.

Advanced Micro Devices ¢\

Q01 Thompson Place - Sunnyvale, CA 94086 - Telephone: (408) 732-2400

Visit AMD at the National

Computer Conference, Booth #615
Disneyland Hotel Convention Center, Lower Level
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counts

The expertise that
made Tecnetics one of the
military’s leading suppliers
of DC-DC power supplies,
also goes into our AC-DC
supplies.

Tecnetics units are
designed, built and tested to
meet the highest military
standards. And proven under
thetoughest military applications.

That's why Tecnetics is one
of the few suppliers publishing '} N
the Mean Time Between Failure, ™~
and our method for determining it.

If it's high efficiency you need, come to the leaders in
Pulse Width Modulation technology.

Come to Tecnetics.

tecnetics.

INCORPORATED
The DC-DC Experts and
400 HZ-DC, too.

1625 Range St., P.O. Box 910, Boulder, CO 80306
(303) 442-3837 TWX 910-940-3246

News update
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Brochure describes Electronics 'v,\
editorial reprints, services, books...!

* More than 70 article reprints in 15 subject
categories

* Handy wall charrs

* 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.

@ Techniques to detect moisture in
sealed integrated-circuit packages as
they go down production lines are
becoming available, prompted by the
need for cheaper, faster methods of
moisture analysis. Two companies
now offering moisture-sensing chips
are Harris Corp.’s Semiconductor
Group and Panametrics Inc.

Both report that their chips make
possible measurements correlating
favorably enough with mass spec-
trometry to meet the U. S. military’s
evaluation requirements. Spectrome-
try has been the test method of
choice, but it is expensive—and it
usually cannot be done in house, so
results take one to six weeks. How-
ever, with ever more complex and
expensive ICs coming, users are
insisting on reliability tests such as
the moisture analysis.

Production. Unlike the recently
disclosed Massachusetts Institute of
Technology moisture sensor [Elec-
tronics, Feb. 14, p. 50], the Harris
and Panametrics chips are intended
primarily for production-line checks,
not automatic field monitoring. Both
firms’ chips will withstand IC pro-
cessing temperatures of 500°C.

Intended for insertion in a few IC
packages as part of a production run,
they cost less than $8 each in lots of
1,000. They yield measurements in
less than a half hour.

Unlike mass spectrometry, both of
the new techniques are nondestruc-
tive, so tests are repeatable. Harris
reports that repeatability of results
using this method is within £2°C.

The Harris HIO-55001-6 chip is
the heart of a testing scheme that
heats and cools the package so that
any moisture condenses onto the
chip. The more moisture that con-
denses, the greater the increase in
the circuitry’s conductivity. A lot of
associated equipment for heating
and measuring is needed.

Panametrics’ Mini-Mod-HT is an
aluminum oxide parallel-plate ca-
pacitor and reacts to the presence of
water-vapor molecules with varying
impedance levels measurable by the
Waltham, Mass., firm’s model 771
hygrometer. Unlike the Harris chip,
it does not require heating and cool-
ing of the package. -Linda Lowe
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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.

CHERRY ELECTRICAL PRODUCTS CORP. 3608 Sunset Avenue. Waukegan. IL 600B5—312/6B9-7700—-TWX 910/235-1572

Our worldwide athliates and phone numbers Cherry Semiconductor Corp . Cranston, RI, US A, 401 463 6000 * Cherry Mikioschalter GmbH, Auerbach, Germany, 09 643 181
Products Ltd , Sandridge (Herts) England, 44 727 32231 » Cherco Brasi industria € Comercio Ltda , Sao Paulo, Brazil

s Cherry Electnical

011 246 4343 « Hirose Cherry Precision Co , Ltd , Kawasaki, Japan, 044 933 3511
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Textool
GRIDZIP
Sockets

Versatile standard series
accepts most devices...

Lead configurations pose no real
challenge to the unique flexibility
of Textool's standard GRID ZIP
socket series.

The GRID ZIP socket is capable
of testing almost any plug-in device
fitting within its 14 x 21 grid (100
mil). You get optimum versatili
without extra tooling costs. And,
since only those positions actually
required are available to the
operator (294 maximum), the
possibility of incorrect lead
positioning is eliminated.

Simple mechanical action,
characteristic of all Textool zero
insertion pressure sockets, allows a
user to literally “drop” a device into
the GRID ZIP’s funnel entries which

uide the leads to socket contacts.

hen, simply flip a lever to test or
age. Another flip of the lever allows
extraction of the device with zero
contact pressure, thus virtually
eliminating mechanical rejects
caused by bent or distorted device
leads.

Regardless of device
configurations — TO's, DIP’s,
platform — the versatile GRID ZIP
socket accepts them all! If desired,
several devices may be mounted in
a single GRID ZIP for burn-in, or a
single device may be inserted for
hand test.

Detalled information on these and
other groducts from Textool...IC, MSI
and LSi sockets and carriers, power
semiconductor test sockets, and
custom versions...Is available from
your nearest Textool sales
representative or the factory direct.

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

214/259-2676
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To statistician Godfrey,
his new post figures

The new director of research for
Sperry Univac is a statistician with a
pronounced bent toward software.
And Michael D. Godfrey, 43, thinks
that this background is going to help
future efforts at the Blue Bell, Pa.,
computer operation.

“Statisticians are interested in
everything. They’re interested in
data as empirical evidence and in
making sense of it,” he says. “Trying
to understand data from computer
systems and what it’s telling us is a
statistical problem.”

“We have to know more about
software,” he continues. “The scarci-
ty of such software sources makes us
want to be better at it, and being
better at software development will
be a good thing.”

Godfrey received his bachelor of
science degree in engineering in
1959 from the California Institute of
Technology, where he studied solid-
state physics and logic design. He
has since received a Ph.D. in mathe-
matical economics from the Univer-
sity of London and has been with
Sperry Univac’s product strategy
and requirements group since 1977.

Because of his training as an econ-
omist, Godfrey is very conscious of
the rising cost of computers, caused
in a large part by increasing soft-
ware content. “We have to produce
cost-effective products. Cost-effec-
tiveness is the real objective.”

Godfrey has three immediate an-
swers to this problem. The first is
represented in the trend toward soft-
ware modularity and portability:
“The software contribution to sys-
tems architecture is much greater
than it was. This allows software
packages to be developed for a line
of products,” he says.

The second involves a closer inter-
action between hardware and soft-
ware designers: “By explaining to a
software designer how the hardware
is organized, the end result is that
the system works better. From the
research side, hardware people are
not always as skilled at using tools
derived from a software standpoint.

Price watcher. Sperry Univac's Godfrey
says, “‘Cost-effectiveness is the objective.”

Typically, the nearest software tools
[for the hardware designer] are not
always the best tools. We have to
look at improving that technology.”
The third is easing the program
itself: “In microcode, the idea of
realizing a program language is a
useful notion,” Godfrey says. “Pro-
gramming bit by bit by hand is a
symbolic manipulation representing
an established concept. We're going
to need a high-level language for
microcoding,” he concludes.

Bass says packets are key
to office of the future

He is a jogger and a racquetball
player, but when Charlie Bass talks
about robustness he is usually refer-
ring to packet-switching communi-
cations networks. “The key to dis-
tributed processing is how robust its
communications technology is,” he
asserts. “It is its efficiency, its reli-
ability, its ability to perform certain
transformations, and its ability to
find resources and allocate them to
the user.”

Bass, who left his post as general
manager of Zilog Inc.’s Systems
division last July to cofound Unger-
mann-Bass Inc. of Santa Clara,
Calif., believes that for office equip-
ment from a variety of vendors, a
packet-switched local network best
fulfills his definition of robustness
(see p. 41). His opinion comes from

Electronics /May 8, 1980



PDP11/03-L PDP11/23
LABORATORY SYSTEMS

FIRSTLAA"
PPFUY

WHY IS FIRSTLAB YOUR DEST BUY?
FIRSTLAD OFFERS MORE FOR YOUR DOLLAR.

PROVEN HARDWARE

Digital Equipment Corporation’s PDP11° has
gained the acceptance of the scientific com-
munity. Tens of thousands installed world-wide.
SUPERIOR SOFTWARE

Our laboratory support sofrware can increase
your throughput by more than 100%. Bench-
marks have run two to three times faster than
the standard DECLAB® package. No software
modifications are required to run your current
DECLAB® applications. FIRSTLAB utilizes Digital’s
most popular real-time operating system (RT11
V3B) and the latest version of Fortran. Both the
bperating system and compiler are supported
world-wide by Digital Equipment Corporation.

WORLD-WIDE FIELD SERVICE

FIRSTLAB systems are installed and maintained
by Digital Equipment Corporation’s own Field
Service Organization. No third party mainte-
nance to worry about.

EXPANDADLE UNDOUNDED SYSTEM

FIRSTLAB systems are upgradeable to the PDP-
11/23 with a maximum of 256KB of memory.
You can start with a floppy disk system and grow
to a hard disk system with up to 26 1MB per
drive. For numerically intensive applications you
can add our new FPS 100 Array Processor which
can provide the computation power of a main-
frame computer.

COMPLETE SYSTEM

When you purchase a FIRSTLAD system there is
nothing more to buy. Your system is assembled
and fully tested, all the required hardware/
software is provided so that you can concentrate
on your specific application needs.

No other Laboratory System in this price range
can approach FIRSTLAB in performance, features
or benefits. You owe it to yourself to investigate
what FIRSTLAB can do for you.

Dedicated to serving the needs of the Scientific Community with Superior Computer Systems

™

"“Trodemork First Computer Corporation

TWX NUMBER 910-651-1916

computer corpotion

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

*Registered trodemork of Digitol Equipment Corporotion ]
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Getting across. Charlie Bass finds he has to
bridge equipment communications gap.

long experience with the technology.

with the nced to bridge the commu-
nications gap between pieces of
cquipment that were not designed to

_ LM : It began when he took part in the

Actual size of the FOTOCERAM slider is less than a quarter inch in length. It is a critical part of a complete thin first radio broadcast of paCket infor-

film head assembly made by Applied Magnetics, Goleta, Calif, mation, the Aloha Pl'OjCCl., at the
as at Stanford University, before he
went to fledging Zilog in 1975 as
director of software.

slider as an automatic pilot. B | oxch: : o %

h change information. “The free
The magnetic disk starts, and it lifts off. The ¢ " lgS - ‘< r ible f

disk revs to 1500 ips, and the slider hovers at 15 pin. The disk stops, and it safely| €M'€TPr ystem esponsible for

wear for years of safe take-offs and landings. £ th . 5

Applied Magnetics’ advanced thin film transducers are deposited on a glass sub-| Ment of the equipment. o

strate. The glass is fused to the FOTOCERAM glass ceramic, one of the materials To overcome these incompatibili-

University of Hawaii in 1968-72. It

continued through professorial stints

[ at the Universities of California at

| Berkeley and at Santa Cruz, as well

. To implement an effective packet-

e 3 . . switching network for a multivendor

Finished 1 uin. smooth to fly thin film | syiichine rework for a muldvendor

magnetics at 15 uin.

Think of this FOTOCERAM" glass ceramic

touches down. the incompatibilities between various

Corning photo-etches the basic configuration. The homogeneous structure of| pieces of automated office equip-

FOTOCERAM slider material then allows Applied Magnetics to machine it to 4 pin. ment,” he notes, “but it is also

flatness, with 1 pin. average smoothness. Knoop hardness of 488 helps minimize head responsible for the rapid advance-

selected by Applied Magnetics for this application. ties, Bass has written numerous soft-

You'll also find FOTOCERAM and relateddFO’l'OFO:;Ml mate:jials as cn'tic;:jl’ ware drivers that interface different

o isch " in impact ! !
Compo::g::r::;)g;spéfﬁef;ge spiays and in impact an types of office equipment with the

FREE FOTOFORM SAMPLER BOX Ungermann-Bass network. *“What
See detailed properties. If you need we are doing is solving the base-level

N N holes, slots or channels, see how | incompatibilities between equipment

e GADPS we chemically machine them. As so that information can be ex-

o tiny :;‘s 002", as Cl_‘(’}s‘? 336(}94"' | changed,” Bass observes. “The next
with precision within ., . 3

- Call 607-974-4304 or write step that people will have to contend

FOTOFORM Products Group with is interpretation. They will have

-\ <, crwene The Materials Business, M.S. 123A, to order the sense of what they wish

y : Corning Glass Works, Corning, N.Y. | to communicate. In using local net-

¢ oy 7, , ] 14830. works to implement electronic mail,

| for instance, they will need to estab-
lish criteria to review that mail.” [

" CORNING
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Z-ZH
Computer Systen_-

A

Here’s the state of the art
in low-cost hard-disk computers

11 MEGABYTES
OF
FAST HARD-DISK STORAGE
Yes, the Cromemco Model Z-2H
is in a class by itself in the computer
field.
These Z-2H features tell you why:
® 11 megabytes of hard-disk
storage
® 64 kilobytes of fast RAM
® Two dual-sided floppy disk
drives
® Z-80A type processor
® Fast 4 MHz operation—150
nanosecond access time
® Fast hard-disk transfer rate of
5.6 megabits/second
® Low cost
And that’s not all you get. Not
nearly.

BROAD
SOFTWARE SUPPORT

You also get Cromemco software
support—the broadest software sup-

port in the microcomputer field. Soft-
ware that Cromemco is known for.
Like this:

Structured BASIC

FORTRAN IV

RATFOR (RATional FORtran)
COBOL

Z-80 Macro Assembler

Word Processing System

Data Base Management

And more all the time.

FIELD PROVEN
The Z-2H is clearly in a class by it-
self. We introduced it last summer.
It’'s field proven. It's reliable.
And it’s rugged. Housed in a sturdy,
all-metal cabinet.

EASILY EXPANDABLE
As always with Cromemco, you get
expandability. The fast 64K RAM in
this Model Z-2H can be expanded to
512 kilobytes. That amount of RAM
combined with 11 megabytes of hard-
disk storage gives you enormous

Cromemico

computer power—the equal or even
beyond what much larger computers
sometimes offer.

What’s more, this computer gives
you a 12-slot card cage. That’s to plug
in your special circuits as well as
additional RAM and interface cards.

This expandability is supported by
still more Cromemco value — the
Z-2H’s heavy-duty power supply that
gives you 30A at 8V and 15A at 18V
to support plug-ins.

LOW COST — SEE IT NOW

The Z-2H is real. It's been in the
field for many months. It's proven
itself.

You should see the Z-2H now. Con-
tact a Cromemco representative and
arrange for a demo. Learn that Cro-
memco is a survey-winner for reli-
ability.

And learn that the Z-2H is under
$10K.

In the long run it always pays to
get the best.

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 » (415) 964-7400

Tomorrow’s computers today
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Scientists and engineers
computer systems powerful

analyzing data.

Why?

Computation Power.Today’s
Hewlett-Packard desktop sys-
tems put big computer power
under your personal control.
You solve problems with up to
449K bytes of user-addressable
read/write memory, all available
for your programs and data.
Built-in operating systems in-
corporate HP Enhanced BASIC,
a powerful super-set of ANSI
Standard BASIC. Coupled with
optional assembly language, HP
Enhanced BASIC gives you
optimum performance for time-
critical operations. Extensive
libraries of HP software help turn
weeks of setup and develop-
ment time into days.

Powerfully Integrated. Each
system is a functionally inte-
grated work station, from the
keyboard and CRT display to the
built-in processors and quiet
printer. It provides everything
you need to manipulate data,
check interim results, perform side
computations, explore varia-
tions and produce alphanumeric
and graphic hard copies of your
solutions.

Systems Capability. Your sys-
tem can be augmented with a
broad range of HP peripherals or
front-end measurement instru-
ments. Interconnectionis as easy
as selecting interfacing cards
and cables from one of four pro-

tocols available: HP-IB, Bit-
Parallel, BCD or RS-232-C.
Desktop computers incorporate
direct memory access (to ac-
celerate capture of real-time 2
data from high speed devices) H
and vectored priority inter-

rupt. One model util-
izes dual processors for

overlapped computa-
tion and 1/0.

Friendly. Together with
the power to handle
complex computational
problems, today’s systems retain
the reliability and ease of use
that have always characterized
HP desktop computers.




find today’s desktop
tools for

New Capabilities Extend
Power and Versatility.

Put technical data to work . . .
right at your desk. System 45’s new
Data Base Management (DBM)
software/firmware is based on the
award-winning HP IMAGE DBM
system. User-tested and approved,
IMAGE has become one of the most
popular DBM systems in the world.
The System 45 version of IMAGE
. allows you to create, maintain, access,
restructure and back-up a data
base that can be tailored to your
unique needs. To facilitate

_ unprogrammed data base in-
quiries, the System 45

DBM package includes
QUERY/45, a highly

interactive data base
manipulation software tool.
System 45 DBM is the first
technical data base manage-
ment system to be offered

on a desktop computer.

Communicate with large
host computers. The System
35/45 Data Communications
capability consists of hardware
(a new Data Comm Interface
Card), software (High Speed
Asynchronous and RJE Bisync
terminal emulators) and firm-
ware (plug-in Read Only
Memories for the desktop com-
puters). With these packages,
your HP desktop can provide
stand-alone computing power and
then, as needed, transfer data

or programs from the host computer
for manipulation, analysis or
updating at your desk.

&

One of our desktop computers is right for
you. System 45 provides advanced graphics
(including 3D), 449K byte read/write
memory and big system peripherals. Sys-
tem 35 offers 246K byte read/write memory,
optional alphanumeric CRT and power-
ful interfacing for measurement and analysis.
The new HP-85 is a modestly priced pro-
fessional desktop computer with integrated
graphics, CRT and printer.

A Growth Path.

HP can meet expanding needs with data
communication links from desktop com-
puters to HP 1000 computers. For multi-
user, multi-tasking applications, HP 1000
computers offer a wide selection of com-
patible RTE operating systems with
optional data base management, factory
data collection and up to 64 user terminals.

For more information. Call 800-
821-3777, extension 119, toli-free day or
night (Alaska and Hawaii included). In
Missour, call 800-892-7655, extension
119. 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. 00

HEWLETT
PACKARD

Circle 19 on reader service card



We get all kinds of questions about relays. None of them are dumb.

The dumb questions are the ones that never get asked.

They can cost you. In power consumption. Packaging density.

Design efficiency. Field failures.

That's why we invite you to ask them now. Ahead of time.

While you can still do something about it. So go ahead.

Ask us anything you want. There are no dumb questions.

Centigrid ultra low power and
low profile subminiature relays
for direct PC board mounting.

[J What makes the Centigrid
the most rugged military
subminiature EMR on the
market?

(] How does the Centigrid

pin pattern improve
reliability?

(L] How can I obtain prototype

quantities quickly?

SerenDIP AC and DC solid
state relays in standard 14 and
16-PIN DIDs.

[] How can an SSR switch
both AC and DC?

(] How will SerenDIPs
solve my low power
AC switching needs?

[ Are speed, long life, and
bounce-tree operation the
only SerenDIP advantages?

Sorry. You missed my question. Here it is.

Name
Company

City

ﬁle

State

Commercial TO-5 military
type DPDT general, sensitive,
and latching relays at civilian
prices.

[J How does the TO-5 relay
get its excellent
RF characteristics?

[J What gives these TO-5
relays reliable contact
rating from dry circuit to
1 amp?

(] Why use a hermetically
sealed relay in a
commercial environment?

Phone

'Zp

Mail to: TELEDYNE RELAYS 12525 Daphne Ave., Hawthorne, California 90250, (213)777-0077
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Lower your cost of testing.

Get your hands on Fluke’s new Instrument

You're looking at a new breed
of controller. It’s not a calculator
adapted for control. It’s a powerful
instrument dedicated to controlling
test and measurement systems.
We've engineered the 1720A to
trim the fat out of automated
testing costs by making operation
simple and programming a breeze.

The hands-on demo takes on
a whole new meaning.

When you get your hands on
the 1720A, you'll understand why
this controller is so exciting. After
programming the 1720A, just
unplug the keyboard and interact
directly with the touch-sensitive
display. Without knowledge of
computer languages or

programming, technicians can
operate a complex system of
instrumentation with just a touch.
Power to the programmer.

The 1720A offers the best of
two worlds: simplicity for the
operator, sophistication for the
programmer.

When you plug the standard
ASCII keyboard into the 1720A,




Controller atour seminar-and find out how.

you take control of its powerful
BASIC software. You determine
what an operator sees and how it’s
presented. It’s like sitting at the

operator’s elbow guiding him
through each test procedure.

One-source system building.
With the introduction of the

1720A, you can now build your

measurement system with Fluke

precision throughout. Rack up a
1720A with Fluke DMM’s, signal
generators, counters, calibrators,
data loggers, scanners and
printers. Four independent
interface ports — two each for
4EEEE) and RS-232-C make
configuration simple. And
programming the system is just as
easy with:

a Three memory devices — 60K
byte main memory, 175K byte
floppy disk and two optional
128K byte high-speed electronic
disks (E-Disk™)

s Enhanced BASIC - <
language with ld—
IEEE commands -
— for easy e
systems programming

a Virtual arrays —enlarges
effective read/write memory
capacity

Why a seminar?

What better way to show you
how the Controller can save you
money than with a hands-on
demonstration of the 1720A. Here,
you'll see the Instrument
Controller in actual system
operation with other test
instruments. And, you'll learn how
a controller designed for test
instrumentation can make system
building a far simpler task.
Here’s how to sign up.

Contact your Fluke Sales
Engineer or Representative. He'll
make arrangements to schedule

you for a seminar, conducted by one

of our system specialists. Each
specialist is a computer systems

engineer extensively trained on the

1720A and ready to work with you
in evaluating your specific
instrumentation requirements.

- o - - - - = - = ===

If you prefer, use our toll free
number 800-426-0361 or send in
the fast-response coupon below.
We'll send 1720A literature and
the name of the Fluke Sales
Engineer nearest you.

A few hours of your time
now can save you hours and
money later.

Take a couple hours out of your
busy schedule this Spring and get
your hands on the new 1720A
Instrument Controller. It could
save you thousands by Summer.

FLUKE

®
------- Fast-Response Coupon ~=-=«=«--.
IN THE U.S. AND NON-
EUROPEAN COUNTRIES:  IN EUROPE:

John Fluke Mfg. Co., Inc. Fluke (Holland) B.V.

P.O. Box 43210 MS # 2B P.O. Box 5053, 5004 EB
Mountlake Terrace, WA 98043 Tilburg, The Netherlands
(206) 774-2481, Telex: 152662 (013) 673 973, Telex: 52237

[0 Sign me up!

Week preferred: _

Test application:

O Send 1720A Literature.
O Send info on other Fluke IEEE products.

Name )

Title MailStop
Company -

Address - -

City ~ State Zip
Telephone () Ext.

For Technical Data Circle No. 21 El 5/80



Editorial

Don’t get mad, get better

The news that some semiconductor products
sold by Japanese companies into the U. S.
market have been superior in reliability and
quality to similar products made by U. S.
vendors has stimulated an interesting variety
of defensive reactions. Admittedly, the
achievements of the U. S. semiconductor
industry that have propelled it to world
leadership are a justifiable source of pride.
But pride doesn’t sell memories — it takes
price, performance, delivery, and consistent
quality. For more than three years now,
reports from users have been circulating that
some U. S. high-technology products have
not measured up to the incoming quality
level or field failure rates exhibited by Japanese
devices. Coupled with the current undercapacity
and high demand faced by the semiconductor
industry, the reliability factor has enabled
the Japanese to make important inroads into
U. S. markets.

In the face of this, rationalizations to the

The Government says it’s here

The Government has officially declared that
the recession of 1980 is under way, and not
a moment too soon:; we’re beginning to hear
mutterings from some electronics people
whose businesses are good economic indicators.
Distributors, for instance, are generally
the first to go into a slump and the first to
climb out of it. And some of them are saying
their inventories are starting to build up even
as their book-to-bill ratios begin to fall. Taken
together, those are signs that difficult days
may be coming. Then, some instrument
makers are complaining about accounts-
receivable problems, as well as some contraction

24

effect that the Japanese carefully select devices
to be shipped to potentially big American
customers or that they buy into the market
with lower prices just won’t do. The fact is
that the Japanese prices are competitive, not
necessarily lower [ Electronics, April 10, p. 81]
and that the volume of business they are

doing with U. S. mainframe companies would
seem to preclude such preselection.

If U. S semiconductor reliability is less
than it should be, then the problem must be
confronted and dealt with. The Japanese
approach may never be suitable to the
American culture and methodology, but
Americans certainly ought to learn something
from their philosophy and be able to invest
what it takes to solve the problem.

When the present climate of shortage and
demand has passed and there are more devices
than sockets, customers will be more selective.
And they’ll remember which vendors served
them with reliable, high-quality products.

in sales (though the latter may be due to
customers’ difficulties in getting hold of the
necessary cash).

Even some computer experts are fretting
because the industry has raised prices for the
first time, which may not position it too well
for sales to recession-hit manufacturers that
want to automate.

The questions remaining about the 1980
recession is how bad and how long. At this
point, it appears that the thing ta do is pick
one’s favorite economic observer and go with
his or her view —if you can find one who
didn’t predict a recession for 1978.
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Avoid the nightmares in microprocessor design
with Pro-Log’s STD BUS prototyping system.

Design, document and debug an operating : PROM erase light, system analyzer, PROM-
Z-80 or 8085A the easy way. e - . based monitor program with operating and

With Pro-Log's STD BUS prototyping s ¢ applications software, 2716 PROMs,
system you avoid incompatible parts, . ’ ' manuals, program coding forms,
overdesigned products, complex ] - r " . maps, instruction books, application
instrumentation, software and docu- "o\ ] [ notes, and detailed monitor
mentation horrors and highflying costs. i ; : ! program documentation.
The system contains a Z80 or - o Only $5,800 complete.
8085A STD BUS processor card, card ik S £ From Pro-Log Corporation,
rack, power supply, keyboard display . 2411 Garden Road,
card, utility cards, PROM programmer, . Monterey, CA 93940, (408) 372-4593.

Visit our Booth No. 1612 at Electro/80 in Boston CORPORATION Circle 25 on reader service card




@vemMatroxn
SBC-860 MULTIBUS

displays

MATROX
GRAPHICS
SYSTEMS

MATROX has the most complete line
of CRT display boards for Intel's/NSC
Multibus in the industry. We have
alphanumerics; graphics; color; black
and white; variabie resolution;
external/internal sync; 50/60 Hz;
software and much, much more. Just
plug the board in any Multibus chassis
connect video to any standard TV
monitor, and presto, you have added a
complete display to your system at a
surprisingly low cost

MSBC-2480 24 lines x 80 character
alphanumerics
MSBC-256 256 x 256 dot graphics

MSBC-512x256 512 x 256 graphics
MSBC-512 512 x 512 graphics
MSBC-1024 1024 x 256 graphics
MSBC-24/320 24 x 80 alpha; 320 x 240
graphics combined

256 x 256 x 4; 16 color
or grey graphics

RGB-256

And we have other uP displays and
display controllers. These include
state of the art OEM alphanumeric LED
displays. alphanumeric video RAM's
and CRT graphics controllers. They
come as complete, ready to use sub-
systems (single chips, modules,
PCB's). Many of them are plug-in
compatible with other buses PDP-
11/LS)-11, S-100, Exorciser, STD as
well as custom design capability

@va motiox clectronic systems

The Visible Solutions Company

5800 ANDOVER AVENUE, TM R, MONTREAL OUE H4aT TH4
TEL '514) 735-1182 TELEX 05-825651
US ONLY, TRIMEX BUILDING. MOOERS, N Y 12958
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Meetings

Microwave Power Tube Conference,
Advisory Group on Electron Devices
the Electron Devices Society of the
IEEE, Naval Postgraduate School,
Monterey, Calif., May 12-15.

Electro/80, IEEE, Hynes Memorial
Auditorium, Boston, May 13-15.

Metrology of Meodern Electronic
Instrumentation, National Bureau of
Standards (Barry A. Bull, B-162
Metrology Building, NBS, Washing-
ton, D.C. 20234), NBsS, Gaithers-
burg, Md., May 13-15.

Tech-Transfer ’80, Royal Nether-
lands Industries Fair (P.O. Box
8500, 3503 RM Utrecht, Holland),
Utrecht, Holland, May 13~16.

Microcomputer Show °’80, Japan
Electric Industrial Development As-
sociation (3-5-8 Shiba Koen, Mina-
to-ku, Tokyo 105, Japan), Tokyo
Ryutsu Center, May 14-17.

Second Annual Conference on Elec-
tro-Optical Systems and Technology,
American Institute of Aeronautics
and Astronautics (Dept. EOS, Box
91295, Los Angeles, Calif. 90009) et
al,, Pacifica Hotel, Los Angeles,
May 15-16; and Hilton Inn, Sunny-
vale, Calif., June 5-6.

SRE—-80 Reliability Symposium,
TIE — Transportation, Information
and Energy, Society of Reliability
Engineers (Suite 1, 732 Wilson Ave.,
Downsview, Ont., Canada M3K
1E2), Holiday Inn Downtown, Tor-
onto, May 15-16.

29th Annual Convention, The Na-
tional Cable Television Association
(Washington, D. C. 20006), Dallas,
May 18-21.

Custom Integrated Circuits Confer-
ence, IEEE, Americana Hotel, Ro-
chester, N. Y., May 19-21.

National Computer Conference,
American Federation of Information
Processing Societies Inc. (1815
North Lynn St., Arlington, Va.
22209), Anaheim Convention Cen-
ter, Anaheim, Calif., May 19-22.

Naecon ’80, IEEE Dayton Section,
Dayton Convention Center, Dayton,
Ohio, May 20-22.

Semicon/West 80, Semiconductor
Equipment and Materials Institute
Inc. (625 Ellis St., Suite 212, Moun-
tain View, Calif. 94043), San Mateo
County Fairgrounds, San Mateo,
Calif., May 20-22.

First International Hybrid Micro-
electronics Conference, IMC Organi-
zation Committee (Box 3, Niiza Sai-
tama 352-91, Japan), Keio Plaza
Hotel, Tokyo, May 28-30.

34th Annual Frequency Control Sym-
posium, U.S. Army Electronics
Technology and Devices Laboratory
(Fort Monmouth, N.J. 07703),
Marriott Hotel, Philadelphia, May
28-30.

IEEE Computer Conference, NBS and
IEEE (Frances Nielsen, B-212 Tech-
nology Building, National Bureau of
Standards, Washington, D. C.
20234), NBS, Gaithersburg, Md.,
May 29.

North American Radio Science
Meeting and Antenna International
Symposium, 1EEE et al. (1980
URSI/AP-S Meeting, Department
of Electrical Engineering, Laval
University, Quebec City, Quebec,
Canada G1K 7P4), Laval Universi-
ty, June 2-6.

14th Pulse Power Modulator Sympo-
sium, IEEE et al. (Palisades Institute
for Research Services, 201 Varick
St., New York, N.Y. 10014),
Orlando Marriott Inn, Orlando,
Fla., June 3-5.

Eradcom Hybrid Microcircuit Sym-
posium, U. S. Army Electronics Re-
search and Development Command
(Fort Monmouth, N. J. 07703), Fort
Monmouth, June 4-6.

29th Power Sources Conference,
U.S. Army Electronics Research
and Development Command (Fort
Monmouth, N.J. 07703) et al.,
Deauville Hotel, Atlantic City,
N.J., June 9-12.
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The yellow room.

This is the world's largest
production area for final asem-
bly and testing of projection
mask aligners. Simply because
Perkin-Elmer produces more
projection mask aligners than all
of our competition.

Every Micralign projection
mask alignment system passes
through the yellow room. Why
yellow light? To protect test wafers
from UV exposure. Our optical
testing results represent true
system performance.

The yellow roomis one ex-
ample of the advanced produc-
tion technology applied to every
Micralign instrument to assure

the utmost in quality. Another is
the Phase Measuring Interferom-
eter (PMI) facility in our optical
fabrication plant. The PMI sys-
tem permits real-time precision
testing of Micralign production
optics to accuracies of one
thousandth of a micron — 100
times more precise than conven-
tional methods.

Developing and implementing
advanced production techniques
is only part of the story. Continued
product engineering efforts have
resulted in the higher resolution
of our Micralign 200 Series. Re-
search in X-ray, electron beam,
and other promising technolo-
gies is determining our products
of the future.

Qur achievements—and our
aggressive program of respon-
sive technology —directly reflect
the caliber of our people. Four
members of our engineering
team received the 1979 SEMMY
Award for outstanding contribu-
tions to the semiconductor
industry.

The SEMMY awarded to Perkin-Elmer by the
Sermiconductor Equipment and Materials
Institute

The Micralign instrument i1s the
choice of 85 IC manufacturers
at 115 sites worldwide We stand
ready to support you with prod
ucts and services of the highest
quality. For information on our
Micralign products, write the
Perkin-Elmer Corporation,
Microlithography Division,

50 Danbury Road. Wilton, CT
06897, or call (203) 762-6057.

PERKIN-ELMER
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accelerate microcomputer
development...




and put the brakes on
development costs.

The new HP 64000 Logic Development System helps
you speed microcomputer development and cut costs
several ways. First, it uses a universal, rather than a
dedicated, approach to microcomputer development. So
you can use the HP 64000 to develop an 8080-based
system today, and then a 6800-based system tomorrow.
Or you can use it for different types of microprocessors
in the same product, without paying the price of sep-
arate development systems for each. What's more, HP’s
powerful 64000 architecture is independent of processor
type, bus-width or speed. So you’ll be able to use this
same basic system with future developments such as

16- and 32-bit processors.

Teamwork means faster system development.
Second, the HP 64000 can help shorten development
schedules through efficient teamwork. HP’s shared peri-
pherals approach means that a number of operators share
a common disc. This common data base serves up to
six development stations. A powerful file manager en-
courages teamwork. Each user can work with his own
copies of files, while a master set is maintained separately.
Now, several programmers can work at the same time.
Or designers can perform emulation, while programmers
debug software.

The disc’s high speed means each user is independent
of, and essentially transparent to, every other. And all
users have immediate access to the latest software for
more efficient operation.

@ Up to 6 development stations

r\\
(6)
Kf/é/ /

This HP approach is superior to a single-station, dedi-
cated system for two other important reasons: With
today’s growing emphasis on microprocessor-based

products, it's unlikely that any single system will provide
the flexibility and growth path you’ll need in future years.
What's more, the 64000 offers significant savings when
multiple development stations are contemplated (see
chart below), and provides a practical way for you to
obtain high-performance peripherals.

COST/STATION &

1 2 3 4 5 6
NUMBER OF DEVELOPMENT STATIONS

An accelerated path to market.

Third, because the HP 64000 has a powerful user-oriented
display editor, rather than a teletype editor, it becomes

a user-oriented system that speeds editing and debugging.
Its advanced real-time emulation shows you precisely
how your system will perform at speed, to help eliminate
potential production problems and product entry delays.

In short, the HP 64000 ($18,500* for a minimum
operating system) provides a way for you to optimize
the efficiency of your development team, plan for the
future, and expand development capabilities. Because
the system is backed by Hewlett-Packard, you also enjoy
the benefit of on-site service during the initial 90-day
warranty period. Then, if you wish, you can get a com-
plete HP service contract tailored to your needs that
can also include on-site service.

To get complete details, 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

p

HEWLETT
PACKARD
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32K EPROM
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8Ks, 16Ks, 32Ks, and now...

The first 64K EPROM.
From Texas Instruments.

Introducing the TMS2564. The indus-
try’s first 64K EPROM. The densest
yet. With all the high-performance fea-
tures of TI's 5-V EPROM family. Fea-
tures like 8-bit word configuration, fully
static operation, automatic chip-select.
power down, and low-power.

Pin compatibility

TMS2564 is offered in a 600-mil, 28-pin
dual-in-line package. But, it's compati-
ble with industry standard 24-pin 64K
ROMs, as well as less dense EPROMS.

This is because pins 3 through 26 of
the TMS2564 are compatible with pins 1
through 24 of the 24-pin devices. Com-
patibility is enhanced by reserving both
pins 26 and 28 for the 5-V supply. So,

with a supply trace to pin 26, both 24
and 28-pin devices can be used, with no
jumpering.

Fully static

Like all TI EPROMS, the TMS2564
maintains the fully static tradition that
makes designing easier.

No timing signals. No clocks. No
strobes. No refresh. No problems. Sim-
ply, cycle time equals access time.

Lowest power ever

Operating at an access time of 450 ns
with a power dissipation of only 840 mW
maximum or less than 13 uW per bit, it’s
the lowest power per bit ever achieved
in EPROMS.

TI'S GROWING EPROM FAMILY

Power Max Power (0°C) Access
Device Description Supply Operating Standby Time
TMS2564 64K 5V 840 mwW 131 mW 450 ns
TMS25L32 32K 5V 500 mw 131 mwW 450 ns
TMS2532 32K 5V 840 mw 131 mW 450 ns
TMS2516-35 16K 5V 525 mw 131 mwW 350 ns
TMS2516 16K 5V 525 mW 131 mW 450 ns
TMS2508-25 8K 5V 446 mW 131 mwW 250 ns
TMS2508-30 8K 5V 446 mw 131 mwW 300 ns
TMS2716 16K 12, =5V 720 mW — 450 ns
TMS27L08 8K +12, =5V 580 mw — 450 ns
TMS2708 8K +12, =5V 800 mw* — 450 ns
TMS2708-35 8K +12, =5V 800 mw* — 350 ns
*T,=70C

Naturally.

Easy programming

The TMS2564 is designed to facilitate
rapid program changes in high density,
fixed memory applications.

All that’s needed for simple, in-
system programming, is a single TTL
level pulse.

You can program in any order. Indi-
vidually. In blocks. At random. So, pro-
gramming time is reduced to a mini-
mum. And, you can use existing 5-V
PROM programmers.

Erasing? Simple ultraviolet. Just like
any other EPROM.

Widest choice

By adding the new TMS2564 to our fast-
growing EPROM family, we offer the
designer a product breadth unmatched
by any other supplier.

All TI EPROMS are available in 600-
mil packages with JEDEC compatible
pin-outs.

And they all share the reliable N-
channel process technology.

TI's growing EPROM family. For all
your present and future memory
requirements.

For more information about the
first 64K EPROM, or any other family
member, call your near- ey Years |
est field sales office or | t)(')Years
authorized distributor. Or | Innovation |

write to Texas Instru- e
ments, P.O. Box 1443, ’-‘Jijf )
M/S 6955, Houston, Texas (d J
77001. ( =

TEXAS INSTRUMENTS

© 1980 Texas Instruments incorporated

INCORPORATED

85126 A
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HIRE THE BEST
MINDS IN EPOXY R&D.
FREE.

If you're a Hysol
customer, you get something
extra with every can or drum
of Hysol epoxy you buy.

You get the services of
one of the strongest epoxy
R&D teams in the industry.

Free.

Hysol maintains three
major research labs, located
in New York and California.

Application-based
development projects are
directed by an experienced
team of polymer PhDs,

Plus a complete support
staff of more than 70 trained
chemists, technicians and
technical specialists.

Exactly what could this
high-powered R&D capability
accomplish for you?

Well, if you make
semiconductors, for example,
you might ask us to develop
epoxy formulations that
reduce epoxy flash, leave
molds cleaner, develop
hardness faster and post-cure
quicker. In fact, they're
available now.

Or if you make aircraft,
you might ask us to formulate
an epoxy film that's less tacky

on one side than the other for
easier handling and better
fabrication properties —yet
bonds on both sides with the
same chemistry and adhesive
strength.

Done.

The point is, whatever
you manufacture with epoxy,
Hysol's strong commitment to
application-based research
can help.

Hysol is the leader in
epoxy technology. And
leadership is why Hysol
epoxies deliver more
reliability, better handling and

See us at SEMICON West, May 21-23, San Mateo Fairgrounds Booths 1022-1023

superior performance. But
don’t just take our word for it.

Start your own free
research,

i) Hysos evision
15051 East Don Julian Road,
Industry, CA 91749,
Telephone (213) 968-6511.
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GaP scrutinized
for semiconductors
working up to 600°C

Tl organizes
separate group
for speech chips

Plasma drivers
made with Bidfet
hot sellers, says Tl

256-bit EE-PROM
emerges from
Motorola in Austin

Flat-screen color
display uses
shutter array
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Electronics newsletter

Gallium phosphide may be the next semiconductor material for making
devices that operate at very high temperatures. Sandia Laboratories in
Albuquerque, N. M., in conjunction with Texas A&M University in Col-
lege Station, is investigating the material used for Schottky diodes that can
operate at up to 500°C. GaP’s large energy bandgap compared with that of
silicon makes it more useful at temperatures theoretically as high as
600°C. Various metalization schemes are under investigation by Sandia
and Texas A&M, including the use of chrome, platinum, and nickel.

Following its recently announced plan to sell synthetic-speech chips to
outside customers [Electronics, April 24, p. 42], Texas Instruments Inc.
has underscored its commitment to the technology by establishing a new
organization within the company devoted primarily to speech. Bernard H.
List, formerly vice president for U. S. MOS operations in Houston, will
head the new organization based in Midland, Texas, where the firm is
establishing a Speech Technology Center. The West Texas city is already
the site of a TI plant, where two new p-channel MOS wafer-fabrication lines
will be added for speech component production. A third new p-MOS
production line in Dallas will additionally be devoted to the new organiza-
tion, which will also have responsibility for the p-M0S TMS 1000 family
of 4-bit single-chip microcomputers.

Texas Instruments Inc. reports that demand for its new SN75501 and
SN75500 512-line plasma-panel driver chips has been so great that the
stock is diminishing rapidly; lead times for very large orders could stretch
out to as much as 18 weeks. TI is now in full production on both parts,
which use TI’s proprietary high-voltage Bidfet process and is trying to
increase its inventory. The firm is also known to be working on monolithic
chips that can drive even more than the present 512-line limit. At the
same time, T is believed ready to use its Bidfet process for high-voltage
telecommunications parts such as SLIC—subscriber-loop interface cir-
cuit —devices.

Motorola Inc.’s MOS division in Austin, Texas, has begun shipping samples
of a 256-bit electrically erasable programmable read-only memory. The
part, organized as 16 by 16 bits, is fabricated in a dual-level-polysilicon
floating-gate technology similar to the Flotox process used by Intel Corp.
Known as the MCM 2801, the device requires a single 5-v power supply
for operation in the read mode and is said by Motorola officials to be
capable of more than 10,000 write/erase cycles. Program and erase
functions require 25 v. The MCM2801 is aimed at consumer, telecommu-
nications, and industrial applications and is planned as a forerunner to
other EE-PROM parts organized by 8 bits.

A patent application has been filed on an innovative and radically different
type of flat-screen display system believed to be suitable as a replacement
for the cathode-ray tube in real-time color television and other consumer
applications. It could be used as well in industrial and commercial applica-
tions such as computer terminals and graphics displays. The color display
system is based principally on the combination of an electro-optical

33



Electronics newsletter

shutter matrix array and an optical modulation system. The developer,
James R. Perry III of Perry Engineering in Concord, Calif., is currently
seeking financing for prototype development of the system.

Color displays Digital Equipment Corp., Maynard, Mass., is about to announce its first
color display terminals. The 19-in. VS11 and VSV 11 displays will resolve
for POP-11, VAX-11/780 spots as small as 0.7 mm in arrays 512 dots on a side. Designed for direct
coming from DEC memory access with DEC’s PDP-11 series and VAX-11/780 computers,
the family of displays is built around a large memory and a 2901-type
bit-slice processor to speed display operations and minimize central-
processor overhead. The processor can execute 64-bit microinstructions
at 160 ns per instruction. Up to 256 colors are available under software
control, and 16 levels of gray scale in monochrome models. Prices will run
from $8,000 to $15,000. Also among seven new software packages for its
VAX-11/780 computer, DEC plans an operating system that will handle
electronic mail, high-speed interfacing, and networking.

U. S. semiconductor Led by computer and industrial users, the semiconductor market in the

U. S. should reach $5.8 billion this year, a growth of 26%, according to the

latest estimates from Texas Instruments Inc. Although the computer

26%, Tl predicts segment should jump by almost a third, TI expects softening in this
market by the end of the year, especially among small and medium-sized
manufacturers. The industrial market, up 23%, will be paced by a 30% to
35% gain in telecommunications, says the company.

market to grow

National pushes Using its proprietary XMOS n-channel silicon-gate process, National Semi-
2147 line to conductor Corp. of Santa Clara, Calif., has extended its 2147 family of
4-K static random-access memories to include a version with 55-ns cycle
55-n8 reglon times. The high-speed device, designated the MM2147-3, is organized as
4,096 words by 1 bit and requires no clocks or refreshing. Housed in a
standard 18-pin dual in-line package, the MM2147-3 is available in

production volumes and is priced at $29 each in lots of 100.

Addenda Onyx Systems Corp. of San Jose, Calif., will show its C8002 microcom-
puter system at the National Computer Conference in Anaheim, Calif.,
May 19-22. Onyx says that the C8002 is the first microcomputer system
to be based on the Zilog Z8000 processor and is also the first to contain
its own 8-in. Winchester disk. The system will be available with 256
kilobytes to 2 megabytes of random-access memory. . . . Fairchild Cam-
era and Instrument Corp. of Mountain View, Calif., has licensed Western
Electric Co. to manufacture its fast low-power Schottky TTL integrated
circuits for internal use. Under the terms of the cross-licensing accord,
Fairchild, a Schlumberger Ltd. subsidiary, will transfer to Western Elec-
tric certain technology related to the digital logic line, including circuit
design, exclusively for use in products made by Western, the manufactur-
ing arm of the American Telephone & Telegraph Corp. . . . Monsanto
Co. says that polished silicon wafer sales are growing at a 20% annual
rate and that its sales, which approached $100 million in 1979, are
expected to reach $500 million in the future.
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DOLCH introduces the world's first 48-channel logic analyzer
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It's features include:
Dolch’'s LAM 4850 is not only the @ 1024 bits recording and

record holder with 48 input reference memory per channel
Trace it all, and fast. .. channels, it offers you even more @ sampling rates DC to 50 MHz
of the world's first features such @ 5 ns glitch capability
If you're switching from 8to 16 bit  as 3 level simultaneous @ 4 level sequential triggering
microprocessors, make sure your  clocking to untangle multi- @ binary, hex, octal, ASCIIl and
logic analyzer can support the plexed bus signals or “trigger mnemonics display
move. An adequate number of tracing” that lets you examine @ 16-channel x 2048 timing
input channels is the prime nested program execution in display
prerequisite for 16-bit-uP testing.  real time. @ [EEE interface (optional)
Em | }' ( : | [ ) H II? the UnEi:ied Stateifontcxct:
& ontron Llectronic Inc.,
LS o S TS TRUMEN TS P cancspen s M\

IN CALIFORNIA CALL (415) 348.7291, TOLL FREE OUTSIDE CALIFORNIA (800) 2276854 + SALES AND SERVICE NATION WIDE
Circle #34 for literature Circle #35 for demonstration
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We've just expanded our industry-
standard F3870 line by adding three
new microcomputers with increased
on-chip memory options. Each is a
complete 8-bit microcomputer on a
single MOS chip and is 3870 pin-
compatible.

Bigger ROM memories.

The series begins with the multi-
source 3870 that gives you up fo
2K bytes of ROM. With our three
increased-memory versions, you can
now get more features, a more
sophisticated controller and more
design flexibility.

Starting with the F3876 which
offers 2K ROM, and the F3872 and
F3878 which offer 4K ROM. These
give the designer the size versatility

_I_’OWER DOWN  POWER SUPPLY
NO SV
YES SV
YES SV
NO SV
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he needs for almost every applica-
tion, as well as allowing him to make
smarter controllers.

More RAM with _
power-down protection.
The F3872 and F3876 offer 128

bytes of RAM, with 64 bytes avail-
able for power-down protection.
That means that if your system shuts
down, there's no memory loss,
because the RAM remains powered
and protected, with low current
demand.

A microcomputer
for all reasons.

No matter what your application
needs, the F3870 series can meet
them. It's an excellent choice for a
wide variety of control applications,
including ferminals, communications,
automotive and instruments. It's the
perfect family of low-cost micro-
computer circuits for the high-volume,
cost-sensitive controller market.

So now, there isn't amore
complete family of devices available

thatwillletyoubuild  p——  ——
a new system, or FAIRCHILD
upgrade an existing I
one. For more infor- A Schlumberger Company
mation, call or write F3870 Series,

Fairchild Microcomputer, PO.

Box 880A, Mountain View, California

94042. Telephone: (408) 224-7000.
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70 Fulton Terr, New Haven CT 06509 (203) 624-3103. TWX 710-465-1227
OTHER OFFICES San Francisco (415) 421-8872. TWX 910-372-7992

The Thinking Cap.

Now you can check, sort and measure
capacitance in less time, with more accuracy.

Forget what you know about cap meters.
Our new Model 3001 Digital Capacitance
Meter offers advantages worth thinking about.

It's more accurate. More rugged. With more
features, more accessories. Al in the firstcap
meter specifically designed for professional lab,
test and production benches. All for just $275*

As usual, we started where everyone else
left off. Behind our 3%;-digit LED display, you'll find
aunique Dual Threshold circuit that boasts 0.1%
accuracy** (that's 0.1% of the reading — not of full
scale). Nine overlapping ranges, up to .1999 Farad,
with down to 1 pF resolution. Auto over- and under-

range indications. And the 3001 isn't fooled by
dielectric absorption.

Our back panelis more intelligent, too. With
aneasy interface for remote display, sorting and
controlaccessories. And a clever way of eliminat-
ing battery problems—an AC cord.

We've put a lot of thought into our accesso-
ries, of course. With a production test fixture,aTri
Mode Comparator and a variety of test cables.
Plus one of the best manuals in the business.

We can't tell you the whole story here. Call or
write for details. Or better yet, order your Thinking
Cap today.

Smarter tools for testing and design.

GLOBAL

Call toll-free for details

Europe Phone Satfron-Waiden 0799-21682 TLX 817477 SPECIALTIES 1 - 800- 243- 607 7
Canada Len Finkler L1d . Downsview, Ontano Dunng business hours
CORPORATION

*Suggested U S resale Prices specitications subject to change without notice © Copynght 1980 Global Specialties Corporation
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Significant developments in technology and business

Circuits conference
features Japan’s

512-K ROM

by John G. Posa, Solid State Editor

Also on tap are C-MOS chip
using piezoelectric effect,
implantable neural stimulator,
ultrafast SOS processor

A half-million-bit read-only memory
to store Chinese ideograph charac-
ters; a complementary-MOS inte-
grated circuit powered solely by the
piezoelectric effect; an implantable
ncural stimulator of four ICs; a
C-MOS-on-sapphire central process-
ing unit that can crank through 32-
bit additions in 100 nanoseconds—
these are just a few of the advanced
developments to be described at the
May 19-21 Custom Integrated Cir-
cuits Conference.

Sponsored by the Institute of
Electrical and Electronics Engineers,
the gathering at the Americana
Hotel in Rochester, N.Y., is a
forum for designers of ICs so special
that the mass-production learning
curve cannot be exploited in full.
Nonetheless, the chips’ density and
speed requirements are likely to push
leading-edge technology to new
achievements —after all, the micro-
processor began as a custom design.

Trends. Three aspects of custom
fabrication stand out from the con-
ference’s program (see table). One is
the use of electron-beam lithography
to meet the requirements of quick
turnaround and ultrahigh density.
Another is the increasing reliance on
the low power of C-MOS. The third is
computer-aided design more capable
than ever of symbolic chip layout
and verification.

Japan’s Nippon Electric Co. found
that direct writing with an electron
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beam was the most suitable method
of producing its 512-Kk ROM. Four
times larger than state-of-the-art
devices, it is the biggest ROM ever
produced without resorting to full-
wafer integration.

Monday, May 19

Direct writing needs no masks,
and, in this case, l-micrometer fea-
tures were achieved. Cell size and
chip size are 44 square pm and
91,000 mil?, respectively; access time
and power dissipation are 400 nano-

Tuesday, May 20

Schottky logic

SESSION A: SESSION D:

Model characterization Custom applications
Three-dimensional University MOS circuit R.C. Foss
VLSI MOS FET of Waterloo simulation Mosaid
models - Pk

. ingle-chip erkin
Custom solid-state Eastman
imaging arrays Kodak CRT controller Elmer
B-bit-slice Rockwell

SESSION B: C-MOS CPU

Hybrids 1,000-gate Northrup
Multichip hybrid Honeywell 12 gate array Research
CShnogy ) . Custom analog Silicon
Computer-aided Tektronix processor Systems
hybrid design

Piezo-powered National

SESSION C: IC transmitter Semiconductor

Custom and high-voltage circuits
GaAs {Cs made with Hughes SESSION E:
electron beams Research Labs Circuit design techniques
Thin-film transistors Xerox
for display circuits Fast-turnaround Bell Labs
ICs for implantable Stanford custom VLSI
neural stimulator University Systematic Bell Labs
High.voltage MOS Xerox VLSI design
driver arrays NS

Custom silicon gate Harnis
60-V ac power Honeywell C-MOS circuits
i C-MOS anal d RCA
) analog an
60-V custom 18m digital circuits
driver chip
Vacuum-fluorescent AMI Composite-cell Signetics
display driver logic
Wednesday, May 21

SESSION F: Custom bipolar Sony

Fabrication technology linear LSI
Polysilicon gates Eastman 5‘? K read-only NEC
for CCD imagers Kodak it
A new silicon-gate Sony SESSION G:

MOS technology Computer-aided design

Refractory metal General Automatic custom Bell Labs
I1C technology Electric MOS LSI layout

17L vs integrated Harris Symbolic layout DMT Corp.

and design
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seconds and 800 milliwatts.

In another paper, Hughes Re-
search Laboratories in Malibu,
Calif., reports on the use of electron-
beam lithography for gallium-arse-
nide 1Cs. Its submicrometer transis-
tors exhibit power-delay products as
low as 0.46 picojoule.

When it comes to low power use,
C-MOS is the best. Taking advantage
of this fact, National Semiconductor
Corp. has developed for Gould Inc. a
chip for detecting tire profiles that
generates its own power supply from
the mechanical stimulation of a pie-
zoelectric crystal.

Inside. The crystal and chip sit
inside the tire, and when air pressure
drops low enough, the tire’s wall
excites the crystal. The iC rectifies
and limits this signal to obtain its
power and then transmits a tire iden-
tification code to the driver of the
vehicle.

Interestingly, this ID number uses
the Santa Clara, Calif., company’s
Tricode encoding scheme {Electron-
ics, Sept. 27, 1979, p. 38]. The chip
works at up to 25 volts at less than
10 microamperes.

Another project that puts C-MOS
chips in tight places is an implant-
able neural stimulator developed at
Stanford University. It is designed as
an auditory prosthesis, stimulating
the inner ear.

Consisting of four 1Cs (one is bipo-
lar), the circuit receives dc power
over a radio-frequency input and
stimulus information in the form of
digital ultrasonic pulses. Custom
design here keeps power consump-
tion down to 30 mw.

s0s. Rockwell International Corp.
modified its 8-bit-slice Schottky
bipolar central processing unit in-
tended for use in military communi-
cations. The device’s power con-
sumption was reduced by 95%, yet as
before, four of them can execute up
to 5 million 32-bit microinstructions
per second. C-MOS on sapphire got
the job done.

Throughput is so high that critical
portions of the architecture are
implemented with programmable lo-
gic arrays. Thesc PLAs use SOS
diodes to parallel-process functions
of up to 28 inputs within the span of
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a single 25-ns clock subcycle.

The chip, from Rockwell’s Ana-
heim, Calif., operation, relies heavily
on the use of computer-aided design,
as did many of the conference’s cus-
tom ICs. To be discussed are com-

puter programs for modeling bipolar
and short- and long-channel MOS
field-effect transistors, designing
custom hybrid and very-large-scale
integrated circuits, and automatic
layout and verification of MOS chips.

Data communications

Network to mediate exchange of data
among incompatible office equipment

A budding Californian company
headed by two well-known figures in
the semiconductor industry has come
up with a local-network concept that
it says will allow the often incompat-
ible pieces of automated office
equipment to communicate. Net/-
One, from Ungermann-Bass Inc., is
a packet-switched network carried
by coaxial cable and with all the
hardware and software necessary for
a fully operational net.

Interest is blossoming in such con-
cepts, with a push under way on a

standards effort [Electronics, March
27, p. 40]. Net/One joins such other
schemes as Datapoint Corp.’s ARC
network, Zilog Corp.’s Z-Net (see
“Z-Net allows easy add-ons™), and
Xerox Corp.’s Ethernet.

Wide use. However, the Unger-
mann-Bass equipment is designed
solely for networking tasks instead of
being an enhancement of word pro-
cessors or computers as in the other
approaches. Also, it can link a wide
variety of office equipment whereas
the ARC and Z-Net systems can han-

Z-Net allows easy add-ons

By incorporating a packet-switched local networking scheme into the oper-
ating system of its recently announced MCZ-2 series of office systems, Zilog
Corp. will be letting users add computing power in small increments with no
obsolescence of existing equipment. The broadcastlike operation of the net
eliminates the need for a central controller, which in turn could become a
system bottleneck.

Dubbed Z-Net by the Cupertino, Calif., firm, this local network transmits
information packets along a coaxial cable at rates up to 800 kilobits a
second. The packets are 8 bits wide by up to 512 bytes deep; header
information is additional.

The network is designed to facilitate the transmission of intrafacility
electronic mail, as well as to link local computing stations and shared
high-speed peripherals. A 600-line-per-minute printer, for example, can be
attached to an MCZ-2 work station and be used by the other MCZ-2
members of the network.

Z-Net can also be used to communicate with other networks through the
RS-232-C ports available on the MCZ-2. An important example of this is the
work station’s ability to emulate an IBM 2780 or 3780 intelligent terminal,
which in turn allows it to access Zilog's earlier MCZ-1 series.

Zilog’s local-net scheme works solely with the MCZ-2 computer | Electron-
ics, April 10, p. 34], which ranges in price from the bare-bones $5,990 2/20
to the $12,175 2/50 that includes software, 2.4 megabytes of floppy-
diskette storage, and a display. Each unit can handle five RS-232-C ports
and a parallel interface port.

When Z-Net becomes available in the third quarter, the MCZ-2 will be
offering 10 to 40 megabytes of cartridge disks that will serve as network
nodes. The network scheme can link as many as 255 single-processor
stations, and it will also link the four-processor package that will become
available in the fourth quarter. -M M.
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dle only their makers’ gear. Ethernet
initially will be maker-specific, with
the Xerox 860 word processor incor-
porating it expected to be offered
late this year.

Transport level. Net/One is the
first product from the Santa Clara,
Calif., firm started by Ralph Unger-
mann, cofounder of Zilog, and Char-
lie Bass, a former general manager
of Zilog’s Systems division. It oper-
ates at the transport level of network
protocols, one of seven levels [Elec-
tronics, Dec. 7, 1978, p. 120].

The transport control level is nec-
essary to implement a practical local
networking system. It provides for
network-independent data-flow con-
trol; it guarantees the correct deliv-
ery of an information packet; and it
reconstructs the packeted informa-
tion into a form native to each net-
work member.

The Ungermann-Bass network
goes even further to offer a choice of
virtual circuit or datagram protocols.
The datagram protocol does not
require the establishment of a virtual
circuit in order to send packets,
although a virtual circuit protocol
does perform packet sequencing.

Operating at the transport level
also requires a complete network-
control protocol, which takes care of
the functional and procedural means
of exchanging data, as well as chan-
nel selection and routing. It also
requires a complete link control,
which includes polling, error control,
and high-level synchronous data-
communications protocols.

Interfacing. In Net/One, the of-
fice equipment does not serve as net-
work nodes. The individual units
connect to RS-232-C or parallel
ports in network interface units that
store the data packets in buffers
before putting them onto the 4-
megabit/second net on a contention
basis.

The system offers two types of
interface units: the NIU-1 with four
RS-232-C and two parallel ports and
the NIU-2 with 16 RS-232-C and
eight parallel ports. The NIU-1 will
cost about $4,000 dollars, and the
NIU-2 will be about double that for
half the cost per work station if all
16 of the RS-232-C links are in use.
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The NIU modules provide the
algorithms for network use. They
pull the data packets into the buff-
ers, perform cyclical redundancy
checks, detect collisions, and send
interrupts to the bus.

They are also connected by an 8-
megabyte/s data bus, which will
allow for rapid transfers from disks.
This high-speed bus will also provide
access to high-speed computer buses
like the PDP-11 Uni-Bus.

Drivers. Although Net/One oper-
ates at a higher level than previous
packet-switched networking
schemes, it is not a panacea for
incompatibility. Software drivers,
for example, must be written to com-
plete the interface with a piece of
equipment.

Most of these drivers are available
from Ungermann-Bass and are in-
cluded in the network price. Others
can be generated by the user, typi-
cally with 500 to 750 lines of code.
To aid the user in this, an optional
network development system will be
available when Net/One goes on
sale in June. -Martin Marshall

Communlcations

Hybrid SLIC
meets REA specs

For International Telephone and
Telegraph Corp.’s MicroSystems di-
vision, happiness is a subscriber-line
interface circuit that combines ele-
ments of large-scale integration and
thick-film technologies. The Deer-
field Beach, Fla., company is includ-
ing functions left off proposed or
actual SLIC chips, including its own
3081/3082 parts.

“It still is a hybrid SLIC,” says
Wilber L. Riner, director of market-
ing and business development. “But
it incorporates a lot more functions
than are available in monolithic
SLICs, which need a Christmas tree
of parts on a printed-circuit board
before they work. And the price is
really going to surprise people.”

Riner does not say what the price
will be, since the part is still in the
breadboard stage. However, ITT Mi-

croSystems expects samples to be
ready in the 1981’s first quarter,
with production quantities following
by the middle of the year.

Added. Among the functions
added to the bipolar part is protec-
tion against lightning strikes de-
signed to meet specifications of the
U. S. Rural ‘Electrification Adminis-
tration. Meeting the requirement is
necessary to sell the part to indepen-
dent U.S. telephone companies
funded by the REA.

The part also aims at meeting the
REA specification for fighting cross
currents induced by power lines that
touch or come near to telephone
lines. The new SLIC will therefore be
marketable in Europe where such
specifications are stringent.

The MicroSystems division sees
such features making integrated
SLICs palatable to manufacturers of
equipment for central offices and
private branch exchanges. Though
the 3081/82 parts have been de-
signed into products, equipment
makers in general have been leary
about newer monolithic SLICs, some
of which have not made it out of the
design stage.

In the ITT approach, most of the
circuitry is incorporated in a medi-
um-scale integrated array. Critical
resistors and large voltage-handling
devices are on a hybrid substrate.
Thus the resistors can be trimmed
precisely by laser, and large amounts
of power can be handled without
damaging the reliability of the bipo-
lar array. External adjustments also
are easier.

“The device replaces a board of
parts and allows a 4 to | space
reduction,” says Ringer. “This al-
lows for reduged labor and board-
assembly costs, as well as savings in
reliability and space.”

Minus. With all these pluses, there
still is one minus. Riner admits that
the new SLIC will not provide certain
test functions found in standard tele-
phone equipment. “No one else does
it either,” he says. “There is not
enough commonality among SLIC
users for us to provide it.”

“In any case,” he is quick to add,
“it allows us to use the same chip in
European products where they do a

41



Electronics review

wide variety of tests. And the same
SLIC can be used in a 24-volt branch
exchange or a —50-v central
office.” -Harvey J. Hindin

Foreign investment
in U. S. firms zooms

Foreign investment resulting in 10%
or more ownership of individual
U. S. electronics and electrical
equipment makers is mushrooming.
Of the 34 transactions completed in
1979’s first half, the value of 21 is
known to be $613 million, whereas
the known value in all of 1978 was
only $109 million, the U. S. Depart-
ment of Commerce says.

Moreover, the department’s Inter-
national Trade Administration ex-
pects even bigger increases in the
second half’s data, which is collected
for many business activities, includ-
ing electronics and 16 other manu-
facturing industries. In all, ITA
counted 379 deals completed in the
first half and was able to place a
$4.4 billion value on 207. Prelimi-
nary figures for the entire year are
1,070 transactions with a known val-
ue of $12.5 billion.

Interests. Who is investing in what
U.S. electronics? An ITA interna-
tional economist, Evelyn G. Brown,
notes that Japanese electronics com-
panies are buying, although they
tend to build their own U. S. plants.
For easier market access, both
Japanese and Korean interests are

investing in U. S. electronics whole-
sale and distribution operations, she
notes. Brown’s list includes 22 buys
into wholesale areas in addition to
the 34 manufacturing investments
shown in the table.

European interests, on the other
hand, are moving to acquire U.S.
technology —““particularly in inte-
grated circuits,” Brown says—by
investing in established American
manufacturers. Last year’s acquisi-
tion of Fairchild Camera and Instru-
ment Corp. by Schlumberger Ltd. is
the most obvious example of that,
Brown points out.

More. Other French purchases on
her list include Schlumberger’s in-
vestment in Unitrode Corp.; that in
Proprietary Software Systems Inc.
by Compagnie Internationale de
Service/Information (CiISt, a soft-
ware house owned by the French
atomic energy agency); Thomson-
Brandt’s investment in Solid-State
Scientific Inc.; and a joint venture by
units of Général d’Electricité CIE-
CGE with Sensor Technology Corp.

Also, CGE’s CIT-Alcatel invested
in Telecommunications Switching
Systems Inc. and Friden Mailing
Equipment Corp. Although the last
does not fall precisely into the elec-
tronic and electrical equipment cate-
gory, officials note it is closely
related, as an electronics end-user.

West Germany’s eight U. S. deals
were dominated by the six of Siem-
ens AG. They included investments in
Litronix Inc., Microwave Semicon-
ductor Corp., Orbis Systems Inc., a
wholesaler known as Circle AW
Products, and increased holding in

FOREIGN INVESTMENT IN U.S. ELECTRONICS AND ELECTRICAL

EQUIPMENT MAKERS, JAN. 1

JUNE 30, 1979

Cases with Known value
Total cases value known ($ millions)
Canada 3 1 5.0
France 4 2 375.4*
Japan 8 5 323
The Netherlands 2 2 29.2
Switzerland 4 1 50.0
United Kingdom 5 5 68.3
West Germany 8 5 53.1
Total 34 21 613.3
*$363 million is Schlumberger Ltd.’s acquisition of Fairchild Camera and Instrument Corp.
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two affiliates, Siemens-Allis Inc. and
the separate Siemens-Allis Inc.
Switch-Gear division. Siemens is still
shopping, as the recent investment in
Threshold Technology Inc. shows
[Electronics, April 24, p. 56].

Others. Topping the government
list of British and Canadian invest-
ments were the UK National Enter-
prise Board’s deal with Inmos Corp.
and Bell Canada’s investment in
Intersil Inc., plus increases in the
Canadian telephone company’s in-
vestment in Northern Telecom Inc.
The financial holding companies
characteristic of Swiss and Dutch
businesses make it difficult to trace
their investments. The ITA says iden-
tifiable funds from Switzerland are
confined to U.S. wholesalers and
distributors, and a Dutch chemical-
making group, AKZO NV, bought
into General Circuits Inc. and Garry
Manufacturing Co.  -Ray Connolly

Fiber optics

Bell’s 2/ >-mile link
speeds data

A 44-megabit-per-second fiber-optic
system is speeding computer com-
munications in a 22-mile link in an
American Telephone & Telegraph
Inc. test. The New York City test
uses AT&T-designed interfaces and
fiber-optic cable to link standard
mainframe computers in real time.

Implications. The test may break
new technological ground. Equally
important is the usefulness of such
equipment to a Bell venture into
data communications, considered
likely now that the Federal Commu-
nications Commission has given the
go ahead to the phone company
[Electronics, April 24, p. 104].

New York Telephone has installed
the fiber-optic cable and related
interface equipment and will be
overseeing the test. The system runs
between two phone company build-
ings in Manhattan’s downtown fi-
nancial district and will eventually
carry voice transmission, as well as
data information.

The system connects three main-
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Low Cost Mini-Disk Data Storage

for EXORciser Bus Computers

e Compatible with EXORciser* and other
6800/6809 computers based on EXORciser* bus
concept.

e 40- or 77-track drives in one-, two- and three-
drive configurations add 102K bytes to 591K
bytes of random access data on-line.

e 40-track LFD-400EX™ drives store data on both
surfaces of mini-diskettes — almost 205K bytes
per disk.

e EXORciser* bus compatible controller includes
1K of RAM, provision for 3K of PROM. Mature
design features explicit clock-data separator,
drive motor inactivity time-out function, and
more.

e Support software includes disk operating sys-
tems, a file manager, text editor, assembly lan-
guage program development/debugging aids,
an extended BASIC interpreter, an SPL/M com- s
piler and business programs. Numerous pro- =)
grams available from other suppliers may be &
used with LFD-400/800EX mini-disk systems with "
little or no modification. Watch for FORTRAN & Pascal !
announcements.

Low cost Percom LFD-400/800EX mini-disk data storage systems are a fast,
dependable alternative to tape storage for 6800/6809 EXORciser* bus compu-
ters. A single 40-track LFD-400EX™ drive adds 102K bytes of formatted on-line
storage; a single 77-track LFD-800EX™ drive adds almost 200K bytes. And data
may be stored and read from either surface of LFD-400EX™ minidiskettes.

Fast mini-disk data storage makes your Motorola EXORciser* or other
EXORciser* bus computer more than just a development system or limited
gvaluation system.

For example, at the low LFD-400/800€X prices it becomes economical to
use your development system as the final working system.

Data capture/retrieval in research, test and production environments is
another application where versatile, random-access LFD-400/800EX storage can
provide efficient operation.

Equipment control is yet another area where the speed and facility of
mini-disk storage greatly expands application possibilities. Even if you use a
mini-disk only to load and control programs you'll save simply by taking a lot
less time than with slow, inconvenient tape storage. Moreover, by storing
programs on fast-loading, low cost minidiskettes you eliminate the overhead of
burning PROMs — an expense that quickly adds up to far more than the price of
an inexpensive Percom mini-disk system.

The bottom line? An EXORciser* or
Micromodule*, with percom LFD-
400/800EX mini-disk data storage,
is a remarkably adaptable mic-
rocomputer —a system that meets
the quality and dependability de-
mands of industry yet is competi-
tively priced with personal comput-
ing systems.

/"‘ﬂo(,“/
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Circle 43 on reader service card
w  trademark of Percom Data Company, Inc.
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211 N KIRBY GARLAND, TEXAS 75042

» trademark of Motorola Corporation
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PRICES
1-drive 2-drive 3-drive
__Model _system system system
LFD-400EX" $649.95 $1049.95 $1449.95
LFD-800EX $945.95 $1599.95 $2245.95
MPX Disk Operating System (2-chip ROM set)
Standard versions for most popular monitors $69.95

LFD-400/800EX Users Instruction Manual;

Includes driver utility listings, controller schematic $15.00
The system prices are single-guantity prices. A system in-
cludes (1) the drives, power supplies and enclosure, (2) the
EXORciser* bus compatible controller PC card with 1K RAM
and provision for three 2708 EPROMS, (3) an interconnecting
cable, (4) an 80-page users instruction manual, and (5) a
system minidiskette. The Percom Software Services Group
will customize the MPX DOS for a nominal charge if one of the
standard versions is not suitable for your monitor. LFD-
400EX™ systems use 40-track drives; store 102K bytes of
formatted data per minidiskette side. LFD-800EX®™ systems
use 77-track drives; store almost 200K bytes on one side of
minidiskette.

Orders may be placed by dialing 1-800-527-1592 (outside of
Texas) or (214) 272-3421 (in Texas). For additional technical

information dial (214) 272-3421.

Prices & specifications subject 10 change without notice

PERCOM DATA COMPANY, INC,

(214) 272-3421
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Meeting data-transfer demands

Communication at multimegabit-per-second rates —the natural output speed
of computers—has long been the dream of systems engineers. Though this
has been achieved without fiber-optic technology, the glass cables do offer
some pluses for computer-to-computer communication.

To begin with, glass fiber is smaller and lighter than equivalent copper
cables. Even more important, it is impervious to induced electrical fields. This
immunity means that lightning, electrical machines, or radio transmitters
cannot affect bit-error rates.

Moreover, light-carrying fibers do not interfere with one another or with
sensitive electrical circuits, so computer data is secure from external interfer-
ence or tapping. Finally, the fibers cause no sparks, tolerate mechanical
abuse, and function in water.

So the New York Telephone Company has good reason to investigate the
feasibility of linking existing computer gear and using existing protocols with
fiber-optic cable. Another strong candidate for long-distance high-speed
data communications is a satellite link, like the U. S.-to-France-and-Germany
test last year by Comsat, 18M, and French and German government commu-
nications agencies. That four-node experiment sent 1- and 2-megabit /s data

over a time-domain muitiple-access link.

-Harvey J. Hindin

frame computers at one location
with three other mainframes at the
second. “The two sets of computers
are approximately 13,000 feet
apart,” notes Howard W. Bruhnke,
southern Manhattan district manag-
er for distribution engineering.

“That can’t be compared to com-
puters set up 100 or 200 feet apart,
where the fiber-optic cable is simply
an integral part of the data bus,” he
says. The data transmission over the
long link needs no optical repeater,
although harsh environmental condi-
tions may cause greater signal atten-
uation over time, Bruhnke says.

Equipment. Bell Laboratories de-
signed the fiber-optic data interfaces
to convert the digital signals to light
pulses. Western Electric supplied the
fiber-optic cable, connectors, and the
light-emitting diodes.

The ¥s-in. cable consists of three
ribbons, each containing eight fibers.
The fibers have a 50-micrometer
core, with a 125-um outer diameter.
Bruhnke notes that the cable has the
capacity to carry 60 fibers should
future systems need it.

In the initial testing of the system,
the error rate was measurably
improved over copper cable, despite
a steamy and hot environment. The
transmission accuracy was reported-
ly 10 billion times greater than the
average rate of one error for every
10,000 bits sent over wire cable,
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according to Bruhnke.

“The system has run for three
days with only one data transmission
error. That hasn’t been the history
with copper,” notes Carl A. Larson,
supervising engineer for outside
plant lightwave installations.

The test equipment has the poten-
tial for transmitting data at speeds
of up to 274 megabits/s, although
Bruhnke is not ready to speculate on
when that may be put to use. Nor is
he willing to estimate the cost of an
eventual production system.

“The final system will ultimately
be cheaper than the test. This initial
test system is only a front-end for an
entire system,” he says. “The total
system would be comparable with
copper, but time cycles, durability,
and other parameters have to be
looked at first.”

Slower, nearer. In a related
announcement scheduled for May 6,
Honeywell Inc., International Tele-
phone and Telegraph Corp., and Du
Pont Co. were expected to introduce
components that will facilitate fiber-
optic links operating at the other end
of the performance spectrum—short
distance and medium speed.

According to industry reports, Du
Pont will provide a fiber for the
short-distance links, while an ITT
division is to unveil a new easy-to-
use connector family, and a Honey-
well operation will introduce the

necessary emitters and receivers.

Planned to operate at rates under
30 megabits/s, the links are intended
primarily for computer applications
to tie central processing units to
peripherals. The new ITT connectors
are expected to cut fiber termination
time by 90%.

The Honeywell, ITT, and Du Pont
group will join a number of compa-
nies in offering short-haul fiber-optic
links. Hewlett-Packard, for instance,
already offers a family of compo-
nents that operate at rates up to 10
megabits/s over distances up to
1,000 meters. -Pamela Hamilton

and Anthony Durniak

Packaging

14-layer pc board
sprouts many ICs

Faced with the problem of packing
thousands of hot-running large-scale
integrated circuits into a small
space, Hughes Aircraft Co.’s Radar
Systems Group came up with a mod-
ule of two l4-layer printed-circuit
boards with a heat exchanger bond-
ed between them. The module can
hold 252 1Cs and 98 decoupling
capacitors. With 20 modules,
Hughes can fit its programmable
radar signal processor into 1 cubic
foot on the F-18 fighter.

Feat. “Getting that many parts
into that small a volume and cooling
it is something,” says Donald E.
Manser Jr., head of the program-
mable processor section in the Physi-
cal Design department of the El Seg-
undo, Calif., group. “To develop 14-
layer pc boards with 10-mil lines and
10-mi spaces in production is not
exactly an industry standard.”

Going to pc boards with 14 layers
is necessary, despite the tricky man-
ufacturing processes, to interconnect
the almost 5,000 closely packed iCs
and almost 2,000 capacitors. The
processor is implemented in high-
speed Schottky TTL and emitter-cou-
pled logic—housed in flatpacks,
rather than dual in-line packages, to
save space.

What makes the board production

Electronics /May 8, 1980
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Packed boards. By developing a 14-layer pc board, Hughes Aircraft
is able to fit 5,000 ICs and 2,000 capacitors into 1 ft3.

so tough are the 21 complex process-
ing steps needed for each of the 14
layers. Moreover, each operation
depends on a correct previous step,
so any mishap at any point in the
production process can force rejec-
tion of the entire board.

Commercial versions usually have
two or four layers—seldom above
eight. “When you get to 10 and up,
the handling gets difficult, with
keeping layer-to-layer registration
the toughest part,” Manser says. To
get it, tolerances for interconnection
openings must be much tighter than
with fewer layers.

Hughes has developed special
tooling to drill the 30-mil holes,
holding tolerances to 7 to 10 mils.
The drilling is demanding, because
the thickness and complexity of the
boards means they cannot be stacked
for single-pass drilling.

Laminations. The boards are 6-
by-9-inch copper-clad panels lami-
nated together. They use seven pan-
els with copper sheets on each side,
laminated with sheets of insulating
bonding material.

To test, Hughes follows an IC
technique of including a special sec-
tion on each fabricated panel, which
itself cannot be checked after lami-
nation because such testing is
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destructive. If it
shows defects,
the panel is re-
jected. “This is
the only way,
since the typical
board has 2,000
holes and no way
can they be

checked by
hand,”” says
Manser.

Heat. Cooling

the modules is
no simple mat-
ter, he says,
since most dissi-
pate 60 to 80
watts typically,
and the ECL-
heavy boards
push 100 w. Be-
cause most air-
craft provide
only 3 pounds of
cooling air per minute per kilowatt,
“we have to distribute it as finely as
possible to each module,” he says.
To cool each type of module,
Hughes developed a family of eight
slots to regulate air flow. The slots in
the molded plastic grillwork shown
in the photograph above vary to pro-
vide 10-W cooling increments. “That
way, we can see that the hottest
boards get the most air,” Manser
says. -Larry Waller

Indus?rlal

Simple system charts
factory work flow

Venturing into a new arena, Lanier
Business Products Inc. is introducing
a low-priced system for monitoring
work flow and production in a facto-
ry. Called Alert, it keeps track of
work in progress and of where every
job is in the production cycle.

It also charts equipment downtime
and the time spent by each worker
on a job. This raw data is then pro-
cessed into a format the plant man-
agement can use to reveal how well
the plant is being run.

Attractions. Lanier feels it has
made Alert inexpensive enough, at
$150,000 for a 250-terminal system,
to be attractive to efficiency-minded
plant owners and simple enough to
use so that workers accept it, says
George O'Leary, vice president of
the recently formed Computer divi-
sion of Lanier, an Atlanta-based
manufacturer of dictation and word-
processing equipment.

A 16-key touchpad terminal, with
a five-digit light-emitting-diode dis-
play to echo keyed-in numbers, is
placed at each machine of the manu-
facturing process (see photograph),

Punch in. Production-line workers use simple, low-cost terminals to enter work-flow and
production information in Lanier's new Alert factory work-monitoring system.
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The Associate
Producer.

High quality 6-part
forms printing

132-character wide,
adjustable carriage

Device forms
control (optional)

Terminal status control panel
indicating column, error codes,
and configuration parameters

The OMNI 800* Model 820 RO
Printer has the same designed re-
liability as its associate, the 810 RO.
With more standard features and
options like expanded and compres-
sed printing, the 820 RO offers
greater flexibility for additional ap-
plications. And, should application
needs change, the 820 RO is easily
upgraded to a KSR model for a
modest cost. The productive 820

S0 IRD)

Receive-Only Printer

150 cps optimized
bi-directional printing

110 to 9600 baud
transmission speeds

RO Printer has all the quality and
performance you associate with the
OMNI 800 Family.

Tl is dedicated to producing
quality, innovative products like the
Model 820 Receive-Only Printer.
TT's hundreds of thousands of data
terminals shipped worldwide are
backed by the technology and relia-
bility that come from 50 years of
experience, and are supported by

1280-character buffer

9x 7 dot matrix full
ASCII printing

21-character operator-
programmable answerback
memory

Operator control keypad
for user configuration

our worldwide organization of
factory-trained sales and service
representatives.

For more information on the 820
RO, contact the TI sales office nearest
you or write Texas Instruments
Incorporated, PO.  [fiyyears
Box 1444, M/S 7784, Innovation
Houston, Texas

77001, or phone \l,@

(713) 937-2016. §
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rather than at a central site as with
other factory data-collection sys-
tems. Sixteen terminals are strung
along a party line using twisted-pair
wires, and 16 such party lines are
multiplexed to a Computer Automa-
tion 430 minicomputer that is the
heart of the Alert system.

In operation. Workers key in their
own identification numbers, a job
number, and then a start command
when they begin work. Stop work
and machine breakdowns are also
entered. The Alert system is thus
able to compile the data needed to
give a supervisor the big picture on
the plant floor, revealing trouble
spots before they become serious
production bottlenecks.

What makes Lanier think Alert
can compete successfully in a field
that hosts such heavyweights as 1BM,
Honeywell, and NCR? Price, for one,
is a factor. Whercas $4,000 buys a
single terminal in the more elaborate
systems, Alert averages $600 per ter-
minal over the whole system price.
The company also has some 300
sales and service offices already in
place around the U. S. and can offer
service on its new system on a 24-
hour basis, says O'Leary.

Also, Lanier has equipped Alert
with software, built around the
Computer Automation operating
system, specifically designed for
transaction processing. Ordinarily, a
manufacturer might add a produc-
tion-control program to the comput-
er that handles the accounting and
inventory control. But thesc are
batch- rather than transaction-ori-
ented —or recal-time — tasks.

Single entry. “Trying to handle
production control in a typical batch
system means one entry will often
require 10 disk accesses before all
files are updated,” O’Leary says.
“With one entry we access the disk
once and update all 10 files.”

What will come next from the
division? O’Leary is mum. But
Alert was under way well before he
arrived —from Computer Automa-
tion, where he was marketing vice
president for the Naked Mini divi-
sion. Designs for other products, he
indicates, are on the drawing board.

-Gil Bassak
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Solid state

Motorola whips up
big 8-bit batch

With a capacity to address only 64
kilobytes of memory, Motorola Inc.’s
high-performance 8-bit MC6809 mi-
croprocessor has been likened to a
500-horsepower engine with a 3-
gallon gas tank. The forthcoming
MC6829 memory-mapping unit that
will expand the address space to 2
megabytes should offer a lot more
mileage to designers of 6809-based
systems.

On a small die of about 20,000
square mils, the new chip is parti-
tioned to handle four concurrent
tasks of 64 kilobytes each, so it is a
cost-effective solution for small sys-
tems. But because as many as eight
chips can be hooked up in parallel
for a cascaded 32-task capability,
the 6829 also will fit into large 6809
systems,

The chip isolates its tasks and pro-
vides write protection so that no one

task can be written over another. It
also allows sharing of code and
resources and provides automatic
switching to the operating-system
task, which allows the programmer
to set up user/supervisor modes.

Officials at Motorola’s Austin,
Texas, MOS Integrated Circuit divi-
sion are counting on the memory
mapper to help the 6809 family
against the 8088, which is Intel
Corp.’s 8-bit version of its 16-bit
8086. Motorola is also introducing
other chips in the family and other
microprocessor ICs at next week’s
Electro/80 show in Boston.

21 lines. The 6829 memory map-
per expands memory space by apply-
ing five upper address lines from the
processor and the contents of a 5-bit
task unit to an internal high-spced
mapping random-access memory.
The resulting 10 output address
lines, combined with the processor’s
lower 11 address lines, produce 21
lines (see figure) that can address 2
megabytes. The 8088 supports 20
lines and a 1-megabyte address
capability.

As well as introducing new 8-bit
parts, Motorola will be using Electro

I TASKS 28-31

TASKS 8-11
TASKS 4-7

6829
MEMORY
MANAGEMENT
UNIT

6809/
6809E

TASK 0

MICRO-
PROCESSOR

TASK 1

TASK 2

10 ADDRESS LINES

TASK 3

SYSTEM

5 ADORESS LINES )

— BUS

11 ADDRESS LINES

TASK 0 = OPERATING SYSTEM TASK
TASK 1 = DIRECT-MEMORY-ACCESS TASK
TASKS 2-31 = USER TASKS

Increased range. The MC6829 memory-mapping unit draws on five MC6809 address fines to
expand the CPU's maximum addressable memory from 64 kilobytes to 2 megabytes.
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i Major CRT makers demand
ultimate controller.

Nationoi's DP 8350 Series of singie-
chip CRT controliers form the
heart of over 60 terminal designs
woridwide.

Over 50 major CRT terminal manufac-
turers from around the world have discov-
ered the industry’s onty complete, single-chip
CRT controllers.

National Semiconductor’s powerful
line of CRT controllers —the DP8350 Series —
requires considerably less support circuitry
than any other controller on the market.

Due in part fo their bipolar (12L) circuitry,
the DP8350 Series is widely regarded as
the ultimate in CRT display refresh circuits.

Single-chip versatility. The 40-pin
DP8350 Series —which includes the DP8350,
DP8352 and DP8353 controllers — offers

a full range of features using internal mask-
programmable ROM.

Since the need for a microprocessor
interface has been eliminated, overall system
design is greatty simplified.

The versatility inherent in the DP8350

Series cannot be understated. In the charac-

ter field, for example, both the total number
of dots per character field and the number of
scan lines per character may be specified
(up to a 16 x 16 dot matrix). The number of
characters per row (from 5 to 110) and
character rows per video frame (from 1o
64) may be specified as well.

Acomplete set of video outputs is avail-
able including cursor enable, programmable
vertical blanking and programmable hori-
zontal and vertical sync.

Doing more for less. The popular
DP8350 Series does more to lower your sys-
tem costs than any other single component.
And since it requires so little in the way of sup-
port circuits, the engineer can spend much
more time (and board space) on the more
demanding aspects of the product design.

The Practical Wizards at National not
only offer superior controllers, they also pro-
duce a wide variety of complementary design
components. Character generators, micro-
processors, memory products, just fo name
a few.

It's no wonder that the DP8350 is at
the heart of the best designs. The industry
certainly knows a winner when it sees one. 2




National’s new BLC-8715-
a more intelligent approach to data acquisition.

Hiﬁh-speed intelligent 1/0 board

offloads analog pre-processing

functions from the data acquisition
system CPU.

Nationa! announces a bright new addi-
tion to its family of Series 80 Board Level
Computers: the BLC-8715 Intelligent Analog
Input Board.

The BLC-8715 was specifically designed
for industrial data acquisition and process
control systems. This new MiCroprocessor-
based interface offloads all of the analog
data pre-processing functions normally per-
formed by the host CPU.

Andin doing so, the CPU may then devote
more of its valuable resources 1o the rest of
the control system.

Faster than a speeding digit. Besides
freeing up host system resources for more
demanding tasks, there are many reasons
why the rugged BLC-8715 smooths out pro-
cess control.

One of the most dramatic is its
A/D conversion speed. Based on National's
proven BIFET™ technology, the 8-bit
BLC-8715 Analog Input Board performs the
A-to-D conversion in a scant 8usec.

This new op amp represents the
largest single advance in bipolar op
amp design in over a decade.

National again drives home its leader-
ship in linear with the new LM11 precision DC
amplifier.

Designed by Bob Widlar, the LMt incor-
porates the best features of existing bipolar
designs —and then some:

50pA input bias current (max)

10pA input offset (max)

300uVoffset voltage (max)

3uV/°C drift (max)

As shown in the graph, the LM11's input
bias current is not only very low, it also
remains well behaved over the entire mil-
temperature range.

More versatility than ever before.The
BLC-8175 performs “front end” measure-
ment and control functions for 16 analog
processes. But that’s not all.

It also features 22 digital (TTL-
compatible) lines for controlling simple on/
off equipment functions, digital read-outs,
and even keyboard manual override systems.

And fo further increase the board’s ver-
satility, the Practical Wizards at National
designed it so that it may be configured in
either of fwo ways.

By using its standard RS232C interface,
the BLC-8715 becomes a remote “slave” to
the CPU host.

However, the infelligent 1/0 board can
also interface directly with the host system
bus. One of the many benefits of this
approach is the BLC-8715's Mailbox memory:
256 bytes of RAM that are directly address-
able by any intelligent device on the bus.

It certainly comes as no surprise that
National should be the first to take a more
intelligent approach to data acquisition and
process control.

After all, that's what Practical Wizardry
is all about.

BIFET 1s a frademaork of National Semiconductor Corporation |
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Leakage current only affects input current of the
LM11 above +125°C.

An order of magnitude better than
FETs. Overall, the new LM11 reduces DC error
terms to such an extent that the op amp is
no longer the limiting factor in many practical
designs. Especially over the mil-temp range.

Further, its offset voltage, drift and long-
term stability are an order of magnitude
better than FETs.

Although infernally compensated with
provision for offset balance, the new LM11 is
pin-compatible with, and quite similar to,
the well-known LM108A amplifier. a




STARPLEX with ISE™ the fuily
developed developmem system.

Using the STARPLEX development sys-
temwith National’s 8048 Emulator Package,
designers of 8048 Family systems get the
kind of sophisticated tool needed for efficient
microcomputer development,

And with 8048 ISE (In-System Emu-
lator), they get capabilities that up to now
simply haven't been available in this type
of instrument.

What is ISE? National’s ISE is a sepa-
rate STARPLEX module housing 32K bytes
of real-time map memory, plus ali the nec-
essary logic for breakpoints, tracing, and
memory mapping.

ROM display and disassembling. The
8048 emulator package has its own 4K
of RAM dedicated to the real-time emulation
of the processor’s program ROM. So the
designer has complete access to this mem-
ory throughout emulation.

STARPLEX aids P system development

He may examine and disassemble exist-
ing ROM contents, make changes, and
execute the altered code. This gives him con-
siderable flexibility in a new product design,
as well as in debugging existing systems con-
taining a previously masked 8048.

STARPLEX can not only develop and
debug software for the 8048 Family, but
atso for 8080 and Z-80" microproces-
sors plus BLC/SBC Series 80 boards.
NSC800, 8070 and other ISE packages
will of course become available as these
new processors are infroduced.

When you get right down fo it, National's
STARPLEX with ISE offers features not avail-
able in any other development system on the
market today. Yet it costs substantially less
to own and operate than any system cur-
rently being sold.

Practical Wizardry strikes again. 2

STARPLEX and ISE are trademarks of National Semiconductor
Corporation

280 15 a regrstered trodemark of Zilog Corporation

Ever since National introduced the first
hybrid iC pressure transducer in 1973, engj-
neers have “robotized” a wide variety of
electromechanical applications.

Today National offers the broadest line
of IC pressure transducers on the market.
Their line encompasses not only hybrids, but
a fult range of monoiithic devices as well,
All of which offer pressure systems engineers
much greater design flexibility than ever
before. At much lower design costs than
ever before.

These IC pressure transducers are
compact and easily interfaced with other
infegrated circuits. And because National
processes silicon in large volume, they can

Economical IC pressure transducers from National.

offer these products at very low costs.

in fact, their LXO5XX and LXO6XX mono-
lithics are the lowest cost IC pressure sensors
available. They offer high accuracy and +5
to =100 psi pressure ranges. Their compact
TO5 and ceramic packages allow easy PC
board instaltation which cuts costs of OEM
pressure systems even further.

Of course, the LXI6XX hybrid is also avail-
ablein a ceramic package. This fully signal-
conditioned pressure transducer features
built-in temperature compensation, high-level
output and full voltage regulation.

The LX16XX, in @ nylon or diecast zinc
housing with NPT fittings and a snap-on
connector, becomes an LXI8XX.The LX18XX

is ideal for plug-in operation with pressure
ranges from +5 to 300 psi.

For high pressure applications — 100
to 5000 psia — National offers the LX14XX
hybrid series. Housed in rugged cytindrical
brass or stainless steel, the LX14XX is avail-
able with flying leads and an optional fluid
isolator.This device is perfectly suited for sub
mersion or tough industrial environments.

For additional information, check the
coupon for the Pressure Transducer Data
Packet —including the handbook, data
sheets and application notes. Everything
you need to get in on the “robotic” revolution
from the Practical Wizards of Silicon Valley.

What'’s new from the National archives? l

006 [ Special Functions
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040 [ Pressure Transducer
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039 [ BLC-8715 Data Sheet
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West Germany
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Culligan Water: pure economy
for critical circuits at Rockwell.

Can Culligan water treatment help a major MOS/
LS!I manufacturer increase production cost effi-
ciency? Ask North American Rockwell Microelec-
tronics.

Volume manufacturing of MOS/LSI's, with elec-
tronic densities of about 400,000 circuit elements
per square inch, requires rinsing water as pure as
the production tolerances are critical. North
American Rockwell Microelectronics, a circuits
industry leader, tried to meet the need with bulk
quantity distilled water, but production engineers
weren't satisfied. Variances in purity increased unit
spoilage, and the high cost of trucking in huge
quantities of distilled water reduced profits.
NRMEC needed a better answer.

Culligan delivered the solution—A Reverse Osmo-
sis/Deionization water treatment system was
installed at NRMEC's Anaheim MOS/LS!I manufac-
turing plant. Using city water, the Culligan RO/DI
system yields product water virtually free of par-
ticulate matter, total dissolved solids and bacteria.
This results in a process water with a resistivity of
18 megohms. That's about five times as pure as
commercial distilled water. And for NRMEC, far
more cost effective.
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Your Inquiry is Welcome —Culligan RO/DI water
treatment systems are finding increasingly wide
applications in the electronics industry. To find out
how Culligan can improve your manufacturing cost
efficiency, call your local authorized Culligan
dealer. Or contact Greg Montgomery at Culligan
USA. Phone 312/498-2000. Or mail the coupon.

|..———_——————————————.—1
Greg Montgomery, Culligan USA

Northbrook. Hlinois 60062 "a|

| am interested in knowing more about Culhgan water
conditioning.
O Have representative call

O Send literature
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Company

Address

city "~ State o Zip

[m——————————————
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to unveil several coming additions to
its 16-bit 68000 family (see p. 89).
Besides the 6829 memory mapper,
other new 6809 8-bit family mem-
bers include the MC68B09, a 2-
megahertz version of the original
1-MHz machine; the MC6809E with
an external clock; the MC6839 fioat-
ing-point read-only memory; and the
MC6842 serial direct-memory-ac-
Ccess processor.

On-chip E-PROM. The company
also plans to introduce the
MC68701, a version of its 6801 sin-
gle-chip microcomputer with an
erasable programmable ROM added.
Also, four new versions of the
MC6805 central processing unit will
be discussed, including the 6805R2
with on-board 8-bit analog-to-digital
converter. All the new 8-bit chips are
planned for availability before the
year is out.

In itself, the third-quarter avail-
ability of an E-PROM version of the
6801 is not very significant. Intel has
offered single-chip microcomputers
with on-board E-PROMs for some
time, and other firms like Texas
Instruments Inc. have offered simi-
lar chips more recently.

The 68701, however, is unusual in
that programming of its 2 kilobytes
of E-PROM may be done by the chip’s
CPU with the aid of a 2-k-by-8-bit
ROM monitor package known as Pro-
bug. Thus no expensive PROM pro-
grammer is needed—all that is
required are four additional chips,
and Motorola is offering them on the
MCX6801EVM board that is de-
signed for evaluation of the 68701
computer. -Wesley R. Iversen

Testing

RAM tester weds
accuracy to speed

A strong contender in the race to a
high-speed accurate random-access-
memory tester is emerging from Ter-
adyne Inc.’s Semiconductor Test
division. The J389 relies on a
125-MHz crystal oscillator and preci-
sion-delay circuitry plus a novel
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News briefs

Memorex signs up another overseas partner

A second overseas manufacturer has entered into a technology licensing
agreement on computer disk drives with Memorex Corp. Fujitsu Ltd. of
Japan, like Olivetti Corp of ltaly, will immediately begin manufacturing
Memorex's 11.7-million-character 8-inch disk drives and will provide techni-
cal support for future 8-in. drives from the Santa Clara, Calif., maker of
computers and peripherals.

Memorex also is endorsing the combination of fixed and removable
backup media for the 8-in. drive. Its model 201 disk drive to be shown at the
National Computer Conference has 25 megabytes of backup, half of them
fixed and half removable. To compete with Control Data Corp.’s 16-
megabyte Lark disk drive (see p. 188), the Memorex unit has an average
access time of 30 milliseconds and transfer rate of 1.2 megabytes per
second.

Fledgling IC maker set to try wings

Applied Micro Circuits Corp., founded by former American Microsystems Inc.
chief executive officer and cofounder Howard S. Bobb, and former AM!
marketing manager Joseph A. Mingione, has completed the financing pack-
age with which it plans to establish an integrated-circuit manufacturing plant
in the San Diego area. AMCC will shortly introduce two families of uncommit-
ted gate arrays. One is a combined emitter-coupled-logic and TTL array said
to mesh the high speed of ECL core circuitry with a TTL input/output
section. The other family, using standard complementary-MOS processing,
will include both complex linear and high-density digital structures. The firm
also is involved in the design of dedicated custom ICs and in C-MOS
microcomputer designs and says it plans to introduce its first low-end C-MOS
microcomputer shortly.

Raytheon has big plans for intelligent terminals

An ambitious microprocessor-based family of intelligent terminals is starting
to roll out the door at Raytheon Data Systems Inc. The Norwood, Mass.,
company’s PTS-2000 has a controller that can support eight terminals with
binary synchronous communications. By the end of the year it will be
handling synchronous communications and larger clusters, and in 1981 it will
be expanded to handle multistation shared-resource word processing, the
company says. These units are compatible with IBM Corp.’s popular 3270
family of cathode-ray-tube terminals, and a larger family member due in
1982 will support local processing and distributed processing and will
compete with IBM’s model 8100 system. A typical PTS-2000 configuration
with four terminals, one controller, and a printer costs $22,170.

compensation for edge-timing errors
to provide a tester to exercise the
new RAM generation.

The new model has a program-
ming resolution of 0.5 nanosecond
and a positional accuracy of 250
picoseconds, half the figures for the
present J387A. Such accuracy “is
needed by RAM producers who clas-
sify their devices principally in terms
of cycle and access times,” says
Edward Rogas Jr., product manager
of the memory products group at the
Woodland Hills, Calif., division.

“With a highly accurate memory
system, narrow guard bands can be
used to classify devices precisely and

determine their performance,” he
says. With static RAMs approaching
cycle times of 20 ns, memory-tester
technology needs to sprint to get
ahead of the parts.

Speed. The operating speed is
20 MHz with no restrictions, as is
true of the J387A. However, all
clock edges can be recycled at 30-ns
intervals, the equivalent of 33 MHz.

With a base price of $215,000, the
J389 will be available within nine
months. On Wednesday, May 21, it
will be the subject of an “Advances
in Semiconductor Device Testing”
technical session of the Semi-
con/West conference in San Mateo,
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A whole new world
of psoftware development.

Introduci ment. Hardware prototyping mation on the MDT 1000 Series
the MDT 1 Series. Testing. Consulting. Or just learning  contact your nearest Synertek
about microprocessors. And, Systems distributor. Or call at
because the MDT 1000 is Motorola  (408) 988-5682 or 988-5689.
EXORcisor™ bus compatible, it Synertek Systems manufac-
expands in a snap to meet growing tures a growing line of evaluation
system requirements. microcomputers and keyboard
Programming the MDT 1000 modules, OEM modules, and devel-
saves time. That'’s programming as opment systems for both standard
it should be.The MDT 1000, with and custom applications
optional BAS-1, offers over 20,000
bytes of ROM-based operating
It's affordable. It's expandable.  software. This software availability is
It's a whole new world of microsoft-  made possible by the over 12.000

ware development for everyone SYM-1 single board computers
using the powerful 6500 micro- already in use today. Standard fea-
processor family—the MDT 1000 tures include a powerful 8K ROM
Series from Synertek Systems. resident assembler/editor, RAE
This is a Micro Development The best thing about the MDT
Tool that has it all —complete with 1000is that it's available right now—
CRT display, keyboard, system soft- = in 4K, 8K and 16K RAM versions
ware, three Micromodule boards at prices you would expect to pay
EPROM programmer and power for a CRT terminal or EPROM pro-
supply plus optional CAS-1 re- grammer alone. Starting at $1.495
corders. For software develop- Forcomplete technical infor-

5 SYNERTEK SYSTEMS

A SUBSIDIARY OF HONEYWELL
150 S Wolte Road. Sunnyvale. CA 94086
(408) 988-5682 or 988-5689 TWX: 910-338-0135
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Cherry

Cherry
Monobolt —
a remarkable
new structural
blind rivet.

R

Designed to
handle the
most difficult
fastening
applications.

The Cherry
Monobolt
Provides:

Superior Hole
Filling and Sealing
Cherry Monobolt expands
radiaily during setting to
fill even elliptical holes.
Guarantees joint integrity,
prevents leakage.

1>.a'

Superior Clamp-up

Cherry Monoboit pulls
sheets together consis-
tently. Produces tight,
vibration-resistant joints.

Neat Flush Finish
Mandrel breaks to fill
head profile. No mandrel

trimming or grinding
required. Lowers installed
costs.

Superior Strength — -
perior - Mechanical Values

NomlnalI 1 Typlcal Mlnlmum Lbs.
Diameter| LU L | ‘Mandrel/
/Shear |Tensile
| lnelen_tlon
3/16” \Alummum, 540 | 400 | 60

-6 | Steel 1300 | 1000 | 100
174" #\Iummum 1300 | 890 | 100

-8 Steel 12300 | 2050 | 250

Write for Product Bulletin, Cherry Commercial Fasteners,
Townsend Division of Textron Inc, 1224 East Warner
Avenue, Box 2157, Santa Ana, CA 92707. in Canada:
Parmenter & Bulloch, Gananoque, Ontario.

Made Under License From The Avdel Group of Companies.

U.S. Patent No. 4046053
is A Reg Owned By Licensor.

TOWNSEND
TEXTRON

Townsend Division of Textron Inc
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Calif. Sessions on Tuesday and
Thursday will deal with advances in
fine-line lithography and in silicon
wafer processing, respectively.

Timing. The J389 [Electronics,
April 24, p.34] derives its timing
from the 125-MHz crystal oscillator
whose 8-ns period is divided by the
precision delay lines into 0.5-ns
intervals. Cycle times and edge
delays are obtained by counting
these intervals, and 16 cycle-time
values can be programmed and
stored in RAM before each test, then
selected under microprogram control
for each cycle of a functional test.

Similarly, each of 150 edge-delay
circuits contains a RAM that stores
16 different values from 31 indepen-
dently timed edges that determine
when waveform transitions occur.
These values are sclected on a cycle-
by-cycle basis under microprogram
control, as are 16 programmed for-
mat sets that define the waveform
transitions at each timed edge.

*“By programming 16 cycle times,
16 edge-timing sets, and 16 format
sets, over 4,000 waveforms can be
selected for each cycle,” Rogas
notes, with a different set of wave-
forms available for each test in a
program. “This provides more than
enough cycle-to-cycle flexibility to
satisfy complex device waveform
and timing requirements.”

Edge checking. Other memory test
systems like the J387A attempt to
minimize timing errors by looking at
a representative edge and then
tweaking the other edges. The J389
achieves and maintains its accuracy
under a proprietary computer-con-
trolled method called automatic
edge lock (AEL). This method inde-
pendently maneuvers each edge so
that it meets the appropriate timing
by using time-domain reflectometry
with 30-ps resolution to align edge
timing at the pins of the memory
under test.

According to Rogas, AEL calibra-
tion occurs automatically. Unlike
earlier memory testers, the J389
needs no special calibration fixtures
nor an operator to judge when cali-
bration is required.

Yet another key feature of the
J389 tester is its adoption of a new

high-level programming language.
Called Pascal-T because it consists
of Teradyne-derived testing state-
ments written in Pascal format, the
language simplifies test-program
preparation such that “‘a typical Pas-
cal-T program listing is less than one
tenth the length of the equivalent
program written in older languages,”
Rogas states. “It will minimize pro-
gram generation time by as much as
50%.” -Bruce LeBoss

Industrlal

Robots to gain eyes
for seam welding

A Japanese and American develop-
ment team is building a vision sys-
tem with which a robot can see well
enough in an optically noisy environ-
ment to guide arc-welding machines
laying down seams at speeds as high
as 30 inches per minute. The Kawas-
aki-Unimation team has devised a
system that determines the deviation
from the correct seam line by com-
paring a correct template image with
the actual image.

*“Our system is special-purpose —
for arc welding only—and so we
don’t need the complexity of [out-
line] pattern recognition,” says Ichi-
ro Masaki, the manager of the team.
The robot need recognize only a line
(the seam), not objects. But, he
points out, the intense glare and
spattering from the arc constitute
optical noise sources that can con-
fuse many vision systems.

Setup. The Unika 79A, as the
team calls its vision system, uses a
solid-state television camera to pick
up the seam image, obtained
through illumination by a laser beam
projected through a slit. Every 0.1
second, the system’s processor com-
pares a learned template image with
the actual image to develop an error
signal. Optical noise is no problem,
because its correlation with the tem-
plate is zero.

To teach the robot the template
pattern, the system’s processor digi-
tizes and stores the image as a 50-
by-50-element matrix. When the
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POWER PRODUCTS

"Can you give me a
Switcher with no derating
from —40°C to +71°C?"
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Yes we can!

Let the ambient tempera-
ture inside your system climb
to +71°C. Our SA Series of
single output, off-line switch-
ers will keep delivering full
output power with extremely
low noise characteristics.
We've developed this switcher
series to cure your derating
problems, and we've designed
in features for maximum
operating efficiency. Over-
voltage and overcurrent
input/output circuitry
protects your system. Soft-
starting and remote shut-
down ensure safety and
control. Every unit in the
SA Series operates at
greater than 75% efficiency
over a full 2:1 input-voltage
span. And our units are de-
signed with unique integral
channels for greater design
flexibility in any of four
mounting planes.

Reliability. Efficiency.
Choice. 5V, 12V, 24V, and
48Vdc are available in 60W
and 125W versions. The 60W

series is unit priced at
$229.95 and the 125W at
$259.95.

Each switcher and each
unit in our long line of modu-
lar, encapsulated power
sources proudly carries the
“No Derating” feature.. . be-
cause you need cool opera-
tion. We are a Semiconductor
Circuits Company. Call on us
for problem solving. Look to
us for innovation. See our
product listings in EEM and

Gold Book and ask for a free
wall chart of our products.

Problem Solving
Through Innovation

=

SEMICONDUCTOR
CIRCUITS

218 River Street
Haverhill, MA 01830
(617) 373-9104
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Ruggedized
Microcomputer

: It’s Easy to Dcslgn
Your Severe Environment System Using our
Ruggedized Version of Intel’s 80/10A
Microcomputer and Versatile

Support Modules.

SECS 80 is a ruggedized version of Intel's iSBC* single-board computer.
Even uses the same development system software.

Meets MIL-E-5400, 4158, 16400, making it perfect for military, avionics,
and tough industrial environments.

SECS 80 comes with a multitude of support modules: RAM, ROM,
EPROM, digital tape recorder and controller, 1553 interface, A-D
converter, digital /0, high-speed arithmetic unit, and more.

You can buy a complete system or configure your own with individual
modules. Either way, this versatile microcomputer system will save you
valuable time and development costs.

Phone or write for complete details today.

ERIM sesco

Severe Environment Systems Company
A Subsidiary of Electronic Memories & Magnetics Corporation
20630 Plummer Street + P.O. Box 668 « Chatsworth, Californla91311
Telephone: (213) 998-9090 - Telex: 69-1404

T of Intel C.
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welding pass starts, the image from
the seam is digitized as a 100-by-
100-element matrix, larger because
the seam may not be in the center of
the field of vision.

The template pattern is shifted
electronically left and right, up and
down, 25 times in each direction. For
each shift the processor computes
the cross correlation between the two
matrixes—that is, it computes it in
2,601 positions (51 by 51). The shift
value that produces the highest cor-
relation represents the off-seam er-
ror of the welding head.

Hardware. Masaki says that the
team first tested the concept by com-
puter simulation using a Data Gen-
eral Nova minicomputer. But, he
notes, a minicomputer would be too
slow and too expensive for this kind
of job.

“The simulation takes several
minutes,” he reports. “Although it
could be speeded up, the mini could
not give the correlation every tenth
of a second that we need.”

So, an experimental version of the
Unika 79A was implemented as a
hardwired processor based on stan-
dard medium-scale integrated TTL
with parallel paths to provide the
required high speed at low cost.
Unimation will not disclose exactly
how many parallel paths are used.

The present timetable calls for
completion of a prototype system
during the second half of this year,
again using TTL. Maurice Dunne,
chief engineer, expects that the Dan-
bury, Conn., company will be able to
announce specifications and prices
during the second half of 1981 and
to start deliveries during the first
half of 1982. To be competitive, he
says, the vision system should add
less than $10,000 to the price of the
robot on which it is used.

Team. Masaki was sent by Kawas-
aki Heavy Industries in Kobe,
Japan, to Unimation, where he
works with development engineer
Robert Gorman and a software
team. “We've had a technology-
exchange agreement with Kawasaki
for 11 years,” says Dunne. “We are
doing this development here because
they have bilingual engineers and we
don’t.” -Charles Cohen

Electronics /May 8, 1980



POWER-ONE
D.C. POWER SUPPLIES

Now available for small systems applications

Power-One, the leader in quality open-frame power supplies, now offers a complete line of single, dual,
and triple output models for small computer systems. Also available are special purpose models for
Floppy Disk and Microcomputer applications.

Below are just a few popular examples of the over 90 ‘‘off the shelf'’ models now available from stock.

5V @ 3A, w/OVP 5V @ 12A, w/OVP 5V @ 40A, w/OVP ”Ew
SINGLE OUTPUT & & B e e
LOGIC POWER SUPPLIES s
* 56 “‘off the shelf’’ e .
models /,,:;,,;’/," ’
= P
* 2V t0 250V, 0.1A to 40A m -
+.05% regulation o~
. A 4 SK5-40/OVP
115/230 VAC input HB5-3/0VP HD5-12/OVP Switching Model
$24.95 single qty. $79.95single qty. $250.00 single qty.
5V @ 0.7A, w/OVP 5V @ 1A, w/OVP 5V @ 2.5A, w/OVP
FLOPPY-DISK SERIES 12V @ 1.1A/1.7A PK”\W —5V @ 0.5A, w/OVP -5V @ 0.5A, w/OVP

« 8 ““off the shelf"’ 24V @ 1.5A/1.7A PK 24V @ 3A/3.4A PK

models
* Powers most popular
drives
e Single/dual drive
applications CP340 CP205 CP206
¢ 2-year warranty Forone 5.25'' Media Drive Forone 8.0'" Media Drive For two 8.0'' Media Drives
$44 .95 single qty. $69.95 single qty. $91.95single qty.
HEENTD e
DUAL OUTPUT MODELS RS s
¢ 15 ‘‘off the shelf”’
models
e +5V to +24V, 0.25A
to 6A
¢ |.C. regulated i)
* Fullrated to +50°C HAD12-.25/HAD15-.25 HAAS512 HBB15-1.5
$32.95 single qty. $44.95 single qty. $49.95single qty.
5V @ 2A, w/OVP 3A, w/OVP 5V @ 6A, w/OVP
.{nR(;BLEELgUTPUT += 9Vto = 15V @ 0.4A ?V @ 1A or +12V @ 1.7A or
+15V@08A +15V @ 1.5A
* 10 ‘‘off the shelf’’
models

* 5V plus = 9V to
+ 15V outputs

* Models from 16W to

150w
s HTAA-16W HBAA-40W HCBB-75W
¢ Industry standard size $49.95 single qty. $69.95 single qty. $91.95 single qty.
\ NEW 79’ CATALOG!
AT\ Get Your FREE Copy Now!
‘ \ Phone us direct or circle the reader service
/ MBE“ .\ number below.

M ﬁPﬂlllEl'-ﬂllE,Nc

D.C. POWER SUPPLIES _
Power One Drive e Camaritlo, CA 93010 » (805) 484-2806 » TWX 910-336-1297
Electronics /May 8, 1980 Circle 59 onreader service card 59




“A computer syﬁtleiam for analog measurement
must be built from the ground up.”

When analog capability is merely tacked onto a Fred Molinari, President
laboratory computer system, performance is
predictably poor.

So when we designed LAB-DATAX, analog
measurement was our primary goal.

As aresult, LAB-DATAX is the highest per-
formance microcomputer data acquisition system
available today.

LAB-DATAX is designed to preserve signal
integrity, eliminating noise and ground loops
through a unique front connection panel.

Analog problems such as wire paths, ground
connections, and shielding have been met head-on
and resolved.

Throughput is extraordinary thanks to RT-11
FORTRAN IV software and our own DTLIB-
FORTRAN callable subroutines.

In fact, the most powerful LAB-DATAX
achieves continuous data throughput into memory
at more than 62 times the rate of DEC’s MINC-11%

Most systems are constrained by their small
selection of analog and digital I/O peripherals.
They are limited in every way.

Not so LAB-DATAX. We offer you over 100
boards in configurations to ensure the performance
vou need.

What’s more, LAB-DATAX includes the full
DEC RT-11 operating system. As well as a pro-
grammable real time clock, useful as a time base
generator for analog conversions.

LAB-DATAX is even user configurable.

A broad array of analog input, analog output, and
digital 1/0 is available for particular applications.

In all, LAB-DATAX is optimized for high per-
formance in analog measurement. Optimized for
high throughput, ease of use, and flexibility.

Proving once again that things always come out
bettelr) whe’lr‘l you start frorsn scratch. R

m i inclu = . ata Translation, 4 Strathmore Road, Natick,
6AKB RAM memory. A fixed and floating point mstractionset.  Mass. 01760, (617) 655-5300, Telex: 948474, In
A synchronous serial interface. A bootstrap loader. A dual-drive Europe: Data Translation Ltd. , Reading, Berkshire/

double-density Floppy Disk. DTLIB-FORTRAN callable subrou-
tines. And 16 slot dual-height capacity. England, Phone (0734) 669-335; TELEX: 847482.

DATA TRANSLATION

SALES OF FICES: AZ 602-994-5400; CA 415-965-9180, 213-681-5631: CO 303-371-2422; FL 305-791-9292, 813-725-2201; GA 404-455-7222; IL 312-960-4054; IN 317-788-4296;

MA 617-655-5300; MD 301-636-1151; Mt 313-227-7067; MN 612-441-6190; NC 919-723-8102; NJ 609-428-6060; NM 505-292-1212, 505-523-0601; NY 516-488-2100; OH 513-253-6175;

2{(648255129869071; OR 503-297-2581; PA 412-327-8979; TX 713-988-942], 512-451-5174, 214-661-0300, 713-780-2511, 512-828-225]; UT 801-466-6522; WA 206-455-5846; CANADA
-625-

LSI-11and MINC-11 are trademarks of Digital Equipment Corp.
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AT&T beats FCC
applications cutoff
with domsat proposal

Commerce setties
TV dumping claims
for $75 million . . .

. . . as opposition
by industry, Congress
is called futile

Carter to wait
despite IEEE push
for engineering study

Electronics/May 8, 1980

Washington newsletter

In a swift move that beat a new Federal Communications Commission
cutoff date for applications, the American Telephone & Telegraph Co. has
filed to launch and operate its first three domestic communications
satellites. AT&T says it is still negotiating with two manufacturers for the
4-t0-6-GHz satellites proposed for launching between 1978 and 1986 to
replace three Comstar satellites leased by the company from Comsat
General Corp. since they were put in orbit between 1974 and 1978. The
AT&T estimate of the project cost is $230 million, according to the FCC
filing, which says the new digital satellites will each have a capacity of
21,600 simultaneous voice conversations or 24 TV channels—a 20%
increase from the Comstar series. The new series will operate with the
same eight earth stations now in use.

Despite strong protests from domestic manufacturers and Capitol Hill, the
Department of Commerce has negotiated settlements of dumping duties on
television receiver imports from Japan for the nine years prior to April 1,
1979. If all 110 companies sign the agreement —and 22 already have —the
department’s general counsel, Homer Moyer, says the U.S. will get
between $75 million and $77 million—about 50 cents on each dollar of
what Moyer calls the $138.7 million “maximum defensible claim” of the
U. S. About $66 million of the settlement will come from the agreements,
under which no party admits to dumping, and Moyer says another $9
million to $11 million will come from settlement of 10 pending civil suits
by the Bureau of Customs charging dumping. U.S. affiliates of nine
Japanese TV makers that have already signed include General (Technika),
Hitachi, U. S. Jvc Corp., Matsushita, Mitsubishi, Nippon Electric, Sanyo,
Sharp, and Toshiba. Among the major U. S. importers that signed are
J. C. Penney, Montgomery Ward, and Sears, Roebuck.

Government and industry officials say privately that they expect the
settlement to hold despite threats of legal action by Compact — the indus-
try-labor Committee to Preserve American Color Television—and strong
protests by Rep. Charles A. Vanik (D., Ohio), chairman of the House
Ways and Means international trade subcommittee. Compact says $700
million is outstanding in dumping duties on the $2 billion worth of
Japanese TV imports over the nine years.

The White House is expected to wait until July —when it gets its requested
evaluation of engineering and science education from the National Science
Foundation and the Department of Education—before deciding what, if
any, action to take on forming a blue-ribbon commission to study U. S.
engineering. That is the initial reaction of White House technology staff
members to the call at the end of April for just such a panel by Leo Young,
president of the Institute of Electrical and Electronics Engineers. Young
made his personal proposal at the IEEE technological policy conference in
Washington, D. C., urging support for the plan by the IEEE and the
American Association of Engineering Societies. Strong government and
societal commitments in Japan and Western Europe to using technology
for increased productivity impressed on Young the need for a comparable
U. S. program to establish a national technological policy —including the
formation of a National Engineering Foundation.
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Washington commentary

Competition is coming for Comsat and the internationals

Now it’s Comsat’s turn to be restructured.
Within two weeks of the Federal Communica-
tions Commission’s ruling to deregulate tele-
communications terminals over two years and
let American Telephone & Telegraph Co. com-
pete with everyone else, the commission is pro-
posing to do much the same to international
satellite communications and Communications
Satellite Corp. Comsat has yet to respond offi-
cially to the FCC proposals, but insiders say the
company, like AT&T, is not altogether unhappy
with the plan laid out in three separate actions
designed to stimulate U. S. competition.

First, the FCC recommends that Comsat form
an arm’s-length subsidiary for all unregulated
communications business, including research
and development, to preclude the threat of
cross-subsidization of new ventures by regulated
communications revenues. Second, Comsat
would be permitted to sell its international satel-
lite services directly to U. S. users, removing the
restriction that it serve only other carriers.
Finally, Comsat and other U.S. International
carriers would be permitted to sell services for
resale and shared use—with or without added
service innovations.

Reaction at Comsat

Comsat likes the last two ideas, of course, but
is troubled by the proposal to make the company
split its businesses, as AT&T is being ordered to
do [Electronics, April 24, p. 104]. Nevertheless,
the FCC recommendation to Congress, which
created Comsat in 1962, is not all that rigid.
Interlocking directors would be permitted for
both companies, for example, although officers,
books, and facilities would be separate, and
industry observers note that Comsat already has
an effective, operating subsidiary in Comsat
General Corp., its domestic satellite company,
that could be reshaped to meet the new rules.
The parent company would then operate only in
the International Telecommunications Satellite
Organization, known as Intelsat, and its mari-
time counterpart, Inmarsat.

Since the creation of Comsat during Presi-
dent John F. Kennedy’s administration was
politically designed to prevent AT&T from
expanding its earthbound monopoly into space,
some congressional staffers see a distinct irony
in the FCC’s recommendation. It calls for “spe-
cific controls to minimize Comsat’s opportunity
to evade rate regulation through misallocation
of costs and to discourage it from using its
unique Intelsat/Inmarsat roles to maintain

exclusive access to and use of technology and
information in order to improve its position in
competitive markets.” To one senior House
Republican, that can be oversimplified to mean,
“Comsat has gone wrong by becoming a success
and must now pay a price for its innovation.”

But there are few other tears being shed for
Comsat. It already owns a large share of Satel-
lite Business Systems Inc., in partnership with
International Business Machines Corp. and Aet-
na Life & Casualty Co., both of whom promise
to be big users of the new domestic digital
system when it becomes operational next year.
Moreover, Comsat stands to enrich its coffers
substantially if the FCC proposal for it to offer
its services directly holds up. That judgment
came in response to petitions by Aeronautical
Radio Inc., the carrier for the nation’s airlines,
and the Department of Defense on behalf of all
Federal executive agencies.

The Comsat business potential from those two
segments alone is huge. And for that reason,
opposition to the new rule making from AT&T
and the international record carriers is sure to
be intense. The issue is likely to wind up in
court, say carrier officials, if it cannot be
blocked within the FcC. Considering that the
IRCs include such corporate heavyweights as ITT
World Communications, RCA Global Communi-
cations, Western Union International, and TRT
Telecommunications Corp., the fight could be a
long one.

Where the money lies

But the proposal to permit resale and shared
use of U. S. international services holds the most
moneymaking potential in the shorter term.
Telecommunications equipment makers at home
and abroad are eyeing it with pleasure as they
envision new service innovations that will broad-
en the relatively sluggish international equip-
ment market. Analysts of those markets are
already beginning new studies of where and
when the new business will come, and a better
picture of market potentials should emerge as
the FCC rulemaking advances through the hear-
ings and study process this year.

More steps remain to be taken, of course,
before the FCC recommendations become final,
some of them in Congress regarding the struc-
ture of Comsat. But now the commission finally
seems to have rid itself of the confusion and
built-in conflicts that marked its prior moves
toward an open, competitive market. And that is
a welcome accomplishment. -Ray Connolly

Electronics/May 8, 1980



NEW, FROM SPRAGUE...
IC DATA BOOK-VOL. 2 ON GONSUMER
LINEAR INTEGRATED GIRGUITS
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DISTRICT OFFICES AND SALES REPRESENTATIVES:

ALABAMA, Sprague Electric Co., 205/883-0520 » ARIZONA, Sprague Electric Co., 602/
244-0154; 602/966-7233 « CALIFORNIA, Sprague Electric Co., 213/649-2600; 714/549-
9913; R. D. Miner Co., 714/421-5586; Wm. J. Purdy Co., 415/347-7701 « COLORAQO,
Wm. J. Purdy Co., 303/777-1411 « CONNECTICUT, Sprague Electric Co., 203/261-2551;
Ray Perron & Co., Inc., 203/268-9631; 203/673-4825 « 0IST. OF COLUMBIA, Sprague
Electric Co. (Govt. sales only), 202/337-7820  FLORIOA, Sprague Efectric Co., 305/831-
3636 ¢ ILLINOIS, Sprague Electric Co., 312/296-6620 » INDIANA, Sprague Electric Co.,
317/253-4247 « MARYLANO, Sprague Electric Co., 301/792-7657 « MASSACHUSETTS,
Sprague Electric Co., 617/899-9100; 413/664-4411; Ray Perron & Co., Inc., 617/969-8100
» MICHIGAN, Sprague Electric Co., 517/787-3934 » MINNESOTA, HMR, Inc., 612/831-7400
* MISSOURI, Sprague Electric Co., 314/781-2420 « NEW HAMPSHIRE, Ray Perron & Co.,
Inc.. 603/742-2321 » NEW JERSEY, Sprague Electric Co., 201/696-8200; 609/795-2299;
Trinkle Sales Inc., 609/795-4200 « NEW MEXICO, Wm. J. Purdy Co., 505/266-7959 » NEW
YORK, Sprague Electric Co., 516/234-8700; 914/834-4439; 315/437-3711; Wm. Rutt,
inc., 914/834-8555; Paston-Hunter Co., Inc., 315/437-2843 o NORTH CAROLINA,
Electronic Marketing Associates, 919/722-5151 » OHIO, Sprague Eiectric Co., 513/866-
2170; Electronic Salesmasters, Inc., 800/362-2616 « PENNSYLVANIA, Sprague Electric
Co., 215/467-5252; Trinkle Sales Inc., 215/922-2080 » SOUTH CAROLINA, Electronic
Marketing Associates, 803/233-4637  TEXAS, Sprague Electric Co., 214/235-1256 o
VIRGINIA, Sprague Electric Co., 703/463-9161 « WASHINGTON, Sprague Electric Co., 206/
632-7761 » CANAQA, Sprague Electric of Canada, Ltd.. 416/766-6123 or 613/238-2542
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Volume 2 of the Sprague IC Data
Book series provides 340 pages
of useful information on high-
performance consumer linear in-
tegrated circuits. It features es-
sential technical data on a-m,
f-m, f-m stereo, mono & stereo
amplifiers, TV, automotive, cam-
era and specialty devices such
as optoelectronic switches and
Hall effect circuits. This newest
data book supplements the origi-
nal volume which covers digital
interface circuits.

You can obtain copies of either
Volume 1 or Volume 2 by calling
the nearest Sprague sales office
or franchised distributor. Or, by
mailing the convenient order form
below.

SPRAGUE

THE MARK OF RELIABILITY

a subsidiary of GK Technologies

Sprague Electric Co., Technical Literature Service
35 Marshall Street, North Adams, Mass. 01247

| Enclosed is check (or money order) for $
to cover the cost of:

|
|
|
|
: copies of IC Data Book—Vol. 1 (WR-500A) @ $2.00 ea. |
| copies of IC Data Book—Vol, 2 (WR-501) @ $2.00 ea. (
| |

|

|

|
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Electronics Magazine

1. Microprocessors

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

2. Applying
Microprocessors

2nd and 3rd generation tech-
nology. 26 detailed applica-
tions from data networks to
video games. $9.95

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

Electronics Magazine Books

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

No. of
Copies Title

1. Microprocessors

2. Applying Microprocessors

3. Large Scale Integration

4. Basics of Data Communications
5. Circuits for Electronics Engineers

6. Design Techniques for
Electronics Engineers

7. Memory Design: Microcomputers
to Mainframes

8. Personal Computing:
Hardware and Software Basics

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

Books

4. Basics of Data
Communications

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

5. Circuits for Electronics
Engineers

Contains 306 circuits arranged
by 51 functions from Ampli-
fiers to Voltage Regulating
Circuits. Saves design
drudgery. $15.95

6. Design Techniques for
Electronics Engineers
Nearly 300 articles drawn
from “Engineer’s Notebook.”
A storehouse of design
problem solutions. $15.95

iie

7. Memory Design: Micro-
computers to Mainframes
The technology, devices, and
applications that link memory
components and system
design. $12.95

8. Personal Computing:
Hardware and

Software Basics

More than 50 articles
from leading publications,
including specifications,
helpful hints, subject
index. $11.95

If after my 10-day free-trial examination | am not fully satisfied ! understand i
that my payment will be refunded.

[0 Payment enclosed [ Bill firm [ Bill me
Charge to my credit card:

) [] American Express [] Diners Club I
Price | Visa {1 Master Charge*
$ 8.95 I
$ 9.95 Acct. No. Date Exp.
$ 9.95 I
$12.95 *On Master Charge only, first numbers above name _ I
$15.95
Name Title I
$15.95
Company I
$12.95
Street - l
$11.95 I
City State Zip '
Signature 'l
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Software Development
Engineers

Stimulating work is available in two areas:

e Real-time software development engineers
will design and develop systems software at
the assembly language level, involving micro-
processor applications.

Sperry Flight Systems is a recognized leader in e Software development work is also available
the development and manufacture of advanced which involves higher order languages such
technology electronic systems for aircraft and as JOVIAL, PASCAL, and HAL/S.

space flight applications. Our substantial growth -

means opportunity for you in a number of stimu- JO“‘ “SI

lating assignments. Together with the obvious .

lifestyle advantages of our Phoenix location, these To be considered for these positions, or to find
positions are just right for engineers who want out more about professional opportunities at
both job and personal satisfaction. Sperry Flight Systems, send your resume and

salary history, in complete confidence, to:

Elecll‘onic Charles E. Melker.
Engineers i —
You'll be involved in challenging assignments jr

involving design of advanced digital and analog FLIGHT SYSTEMS
circuitry, involving microprocessor applications

for airborne control systems. P. O. Box 21111
These positions require at least two years Phoenix, Arizona 85036
experience in circuit design and a BSEE degree. We're an Equal Opportunity Employer.
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RCA introduces Ultricon:
Improved camera tubes for CCTV.

New Ultricon tubes
provide usable 4
pictures in twilight "{ R —— |
conditions.

RCA's new Ultricon™ camera
tubes are a major advance in
silicon-target technology.

Designed for superior per-
formance in CCTV cameras, the
Ultricon tube offers significant
improvements over standard silicon

Ultricon tubes come in two sizes: 2/3" and 1

target vidicons and heterojunction Lower highlight bloom. lighting conditions from near UV to
types. The Ultricon offers all the advan- the near IR.

Improved sensitivity. tages you expect from a silicon Fits most CCTV cameras.

The Ultricon tube also delivers target vidicon: low lag and extremely RCA Ultricon tubes are inter-
greater sensitivity throughout the high resistance to image burn-in. changeable with many existing
visible spectrum and into the near UV Plus, we have made further silicon target, heterojunction, and
and the near IR. advances to reduce highlight other type tubes.

In the visible range, the Ultricon  blooming. Which means bright spots Which means you can get more
tube’s sensitivity outshines standard  and reflections in a scene have out of your new designs. Or you can
silicon target vidicons by 25 percent.  minimal effect on the picture. upgrade an existing camera simply

And comparable high-sensitivity Because of its broad spectral by replacing your present silicon
and heterojunction types by as much  response, the Ultricon tube yields target, heterojunction, and other type
as 40 percent. acceptable pictures under most tubes with Ultricon tubes, making

700 / only the same simple camera adjust-
‘V ments needed whenever a new tube
= 600 oS is installed.
e ' The Ultricon tube comes in 2/3"
E3 <
g o\o“\ or 1" sizes with magnetic focus.
500 NP Or 2/3" with electrostatic focus.
‘L Y N\ Ultri Write for technical data.
2 © ricon X .
€ 400 < ="\ N / For cpmplete technical details on
§. S Pd . RCA Ultricon camera tubes, contact
o Y / /\ S RCA Electro Optics and Devices,
£ 300 \ S New Holland Avenue, Lancaster, PA
2 /I N N \ 17604. Phone: (717) 397-7661.
3 200 i S-T Vidicon h Or contact RCA, Buenos Aires,
< v \ . .
/ ’ A\ Argentina. Brussels, Belgium. Sao
/,’ ¥ Paulo, Brazil. Sunbury-on-Thames,
100 y; Middlesex, England. Paris, France.
17 \ Stuttgart, West Germany. Mexico
P 16 D.F, Mexico.
300 500 700 900 1100

Wavelength—nanometers.
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Intermetall readies
one-chip C-MOS
filter and codec

Olivetti continues
computer moves
with buy into IPL

Xerox and Thomson
to continue cooperation
on electronic office

Phone boxes
using credit cards
glated for UK trial
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International newsletter

Intermetall GmbH, the Freiburg, West Germany-based headquarters com-
pany of the ITT Semiconductors Group, is currently developing a filter-
codec claimed to be the first one-chip version using complementary-mos
technology. Intended for one channel in pulse-code-modulation telephone
systems, the very large-scale integrated circuit will come in two designs,
one for Europe and the other for the U. S., to accommodate the different
approximation methods in those two regions. No date has been set,
however, for when the devices will be available. The chip’s two converters
work on the charge-redistribution principle, and the two low-pass filters
are switched-capacitor types, providing a minimal signal-delay time. Fre-
quency response, delay distortion, idle-channel noise, signal distortion,
crosstalk, and gain variations exceed CCITT recommendations, Interme-
tall says. The devices, to come in a 24-pin dual in-line plastic package,
operate off +5 and — 5 v and consume less than 150 mw.

C. Ing. Olivetti & Cie. has bought 33% of IPL Systems Inc., the second
largest maker of IBM-compatible mainframes in the U. S. A later purchase
of shares, according to the deal, would boost Olivetti’s interest in the
privately held Waltham, Mass., firm to 40%. This agreement follows a
recent Olivetti contract with IPL, as well as with Hitachi, to lease 1BM-
compatible hardware and St.-Gobain’s purchase of 20% of Olivetti last
month [Electronics, April 24, p. 67]. Additionally, Olivetti has set up a
joint venture with Memorex Corp. to produce and market 8-in. mini-
Winchester fixed-disk drives; production of the 101 drive is expected to
begin in Ivrea, near Turin, around the end of the year. Olivetti will own
some 60% of the joint venture.

The recent agreement between Xerox Corp. and Thomson-CSF to develop
jointly an inexpensive optical disk reader-recorder may be just the first in a
series of accords between the two. In a joint statement, the two companies
say they are “investigating other prospects . . . for the development of
data-processing and office information systems.” Sources at Paris-based
Thomson say negotiations are under way for cooperation in word-
processing and digital facsimile equipment. Marketing agreements
between the two are also a distinct possibility, they add. Although Thom-
son has already signed a distribution agreement with 3M for its low-cost
digital facsimile machine [Electronics, Aug. 30, 1979, p. 70], Thomson
officials point out that the accord is nonexclusive and covers only distribu-
tion. The major French electronics and data-processing equipment makers,
including Thomson, C1T-Alcatel, and Cl1-Honeywell Bull, are counting on
substantial government aid as part of a national effort to develop the
electronic office equipment industry in France.

Public telephones that accept prepaid credit cards instead of cash are to go
on trial at 400 sites in the United Kingdom later this year if negotiations
under way between the British Post Office and two potential suppliers are
successful. The cards would be purchased over post office counters and
thrown away after their credit is exhausted. When the card is inserted into
a slot, its value, displayed on the phone’s digital readout, is automatically
reduced as the call progresses. The system eliminates the need for exact
change, reduces vandalism, and requires less maintenance, but poses
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International newsletter

operational problems, at least initially. The BPO is to evaluate two systems,
one from Emidata, in Slough, the other from a Swiss company, Sodeco-
Saia AG, represented in the UK by Landis & Gyr Ltd. In the Emidata
system, credit is stored on a magnetic stripe, whereas the Sodeco card —
also on trial in Brussels—stores credit data by means of a holographic
technique. The technology contrasts with bank and credit cards being
developed in France [ Electronics, Jan. 17, p. 68] and Italy that incorporate
active semiconductor devices.

Grundig looking to  Grundig AG, West Germany’s largest entertainment equipment producer,
U. S. market for with strong activities in oother consumer electronics sectors, intends to
T expand its dictating machine business in North America. The Nuremberg-
dictating machines based company wants to strengthen its position in that market either by
some sort of cooperative deal or by licensing production to another firm,
rather than by setting up its own manufacturing facility in North America.
One of Western Europe’s top producers in the field and with a nearly 50%
share of the West German dictating equipment market, it figures that
about 1.23 million pocket and office dictating machines were sold world-
wide last year, representing a value of almost $400 million, up from $360
million the previous year. Grundig thinks the market will grow by at least
4% annually through 1985, with the three major market areas being North

America, West Germany, and the United Kingdom.

British company Following the example of watches and calculators, microprocessor-based
automotive systems are already tumbling in price. Out now from the
makes low-cost British car accessory manufacturer, Mobelec Ltd. in Oxted, Surrey, is a
fuel consumption meter fuel consumption meter that sells for $98 and can be retrofitted to any
car. Based on a PIC 1655 from General Instruments’ Microelectronics
division, the Maximiser displays instantaneous fuel consumption or total
gallons consumed on a journey on a three-digit light-emitting-diode
display. An impeller inserted in the fuel line provides a direct indication of
fuel consumed, and the speed can be derived from a pickup at the back of
the speedometer. No matter what the pickup point, the meter can be
calibrated for any car to which it is fitted merely by driving at a preset
speed and then pressing the calibration buttons. Triangle Digital Services
developed the microprocessor hardware.

Addenda Now that the Medical Systems division of General Electric Co. has agreed
to pay Britain’s Thorn EMI Ltd. $37.5 million for the purchase of the bulk
of its interests in X-ray tomography and for the settlement of any
outstanding patent litigation against the U. S. company, the two firms are
exploring the possibility of Thorn EMI’s continuing the development of
imaging products for GE using the expertise of its central research
laboratories. Such products could include nuclear magnetic resonance
imaging systems, already in advanced development, that clearly display
soft tissues. . . . West German postal authorities have let a contract to
two firms for a new car-radiotelephone network that is to increase the
country’s capacity from about 18,000 subscribers now to a total of
100,000 within a few years. Philips affiliate Felten & Guilleaume Carl-
swerk AG, Cologne, and Siemens AG, Munich, are to install the network,
valued at about $22 million.
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Think Twice

Intel’s new 8272 controller for double density floppy
disks lets you command shorter design times.

Why have second thoughts
about designing a double density
floppy disk drive into your system,
when Intel’s 8272 is available now.
With a powerful command set,
microprocessor compatibility, Intel’s
HMOS* technology and the ability
to reduce CPU overhead, our con-
troller for IBM compatible single or
double density floppy disks is the
logical choice for system designers.

Now, you don’t have to spend
months building and programming
an entire board of interface logic to
control one, two, three or four double
density floppy disk drives. Just
incorporate Intel’s new 8272

controller into your design
to save time and space. Our
double density floppy disk
controller does more than
reduce your parts count 50
to 1. It gives you enough flexi-
bility to shorten your design
cycle. And Intel’s 8272 offers
you the freedom of designing in
the 5-volt world.
Freedom for the CPU.

Our new 8272 double density
floppy and mini-floppy disk control-
ler is the right solution for systems

designers. It saves time, reduces

power dissipation and slices the high
cost of burdening an 8-bit or a 16-bit
CPU with floppy disk control functions.
A powerful instruction set built into
Intel’s new 8272 controller will reduce
your programming efforts up to 50%.
Less code is required, so you spend

less time and use less memory.

Intel’s 8272 solution also tackles
the problem of CPU overhead and
software intervention. Our double
density floppy disk controller has
the capability of scanning a single
sector or an entire track’s worth
of data fields. Data on the floppy disk
gets compared byte-by-byte with
data in your system memory. And,
since a single command locates and

compares the data, no additional
software is necessary.

Faster data access.

Our new 8272 controller does more
than drive up to four floppy disks simul-
taneously. It handles parallel seek on
up to four disks for faster data access.

With multi-sector and multi-track
transfer capabilities, the CPU is freed
from time-consuming I/O commands.
Our new double density floppy disk
controller removes the
limitations of
reading

or writing only the number of char-
acters a physical sector allows. The
8272 automatically transfers data
across the disk’s consecutive sectors. ..
and, as a result, the CPU isn't forced
to wait until the next sector is
positioned. With Intel’s new 8272,
you not only free the CPU, you

get the assurance of higher system
performance.

Circle 69 on reader service card

Easy microprocessor
compatibility.

Intel delivers the new 8272
double density floppy disk controller
into the 5-volt world. That makes
our controller an easy, compatible
interface with Intel’s family of
microprocessors like our 8086,
8088 and 8085.

As part of the Intel peripheral
family, the new 8272 complements
our other dedicated LSI performers.
For example, you can team our
8272 with an 8237 DMA controller
for the most bus-efficient solution
to double density floppy disk con-
trol. And like our other family
members, the 8272 offers systems
designers highly reliable per-
formance. .. plus the support of
field personnel and complete
documentation.

Intel’s new 8272, here today.
Now, you don’t have to think
twice about designing a double
density floppy disk controller
into your system. With Intel’s
8272, you won't have to settle
for fewer features or a long
design cycle, either. Why wait.
Already second sourced, our
8272 is on your distributor’s
shelves today.
For more detailed infor-
mation, contact your local Intel
sales office or write: Intel Corpora-

tion, 3065 Bowers Avenue, Santa
Clara, CA 95051.

*HMOS is a patented Intel process.

intel delivers
solutions.

Europe: Intel Intemational, Brussels, Belgium.

Japan: intel Japan, Tokyo. United States and Canadian
distributors: Alliance, Aimac/Stroum, Arrow Electronics,
Avnet Electronics, Component Specialties, Hamilton/Avnet,
Hamilton/Electro Sales, Harvey, Industrial Components,
Pioneer, L.A.Varah, Wyle Distribution Group, Z ics.

"SEE OUR BOOTH AT THE NCC SHOW #1354-60"






Managing the unmanageable:
57 tons of engineering data--
cataloged, collated,
cross-indexed and
cross-referenced for you.

That’s processed information.

Any number of companies would like to help you with your information processing.

But only Information Handling Services provides you processed infor-
mation . . . engineering data that's already been cataloged, collated, cross-
indexed and cross-referenced for you. So that when you need one important
catalog page, Industry Standard, Mil Spec or Government Spec, you can get it.
Faster than with any comparable system in the world.

In other words, what you get from Information Handling Services isn't hard-
ware that helps process data.

It's processed engineering data, presented in a useful, usable form.

The most comprehensive engineering data base in the world.

We've been gathering and distributing engineering data for over twenty years. In
the industrial area alone, we currently have over 23,000 different manutac-
turers’ catalogs. Plus the most comprehensive collection of Military Specs in the
world. Along with 90% of the world’s most important Industry Standards. In
fact, our total data base now incorporates more than 8,000,000 pages of
technical information

Fast, easy access.

Even more important, we've organized all this information into a system that
delvers fast access. All you do is identify the product in which you're interested.
Our unigue Locator index then directs you to the catalogs you need, to all
appropriate Industry Codes and Standards, to Government and Military Specifi-
cations, even to International Standards. In minutes.

One thousand people working for you.

Information Handling Services does a better job of providing you with processed
information, because we originated Visual Search Microfilm Files (VSMF).
Today, our engineers spend tens of thousands of manhours each year simply
organizing and cataloging technical data, to make It easier for you to use.

For that matter, we have more than 1100 employees now producing a wide
vanety of information services ranging from manufacturers’ catalogs to Military
Specifications and Standards, and from an Industry Standards service to
Federal Documents, including the Code of Federal Regulations.

Interested?

Find out for yourself the difference between information processing and pro-
cessed information. We have a complete information package that will give
you more details, and that can help you determine which of our many information
services might best relate to your work. Just write: Dept. 480, 15 Inverness
Way East, Englewood, CO 80150. Or call {toll free) 1-800-821-2280, ext. 301
(1n Missoun, call 1-800-892-7655, ext. 301.)

Not information processing,
but processed information.

=
\w} Information Handling Services

An Indian Head Company
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How STC speeds
production testing
by a factor

of five to one...

Storage Technology Corporation’s revolutionary
8650 Winchester disc subsystem for big, main-
frame computers utilizes double-density re-
cording to pack twice the normal amount of data
in the same space as a conventional, single-
density disc.

Critical to the success of this technology are
complex, high-speed, analog read/write and
servo boards. In fact, STC’s read/write board
contains more than 350 separate active and
passive components.

When conventional methods were used,
it took approximately 15 minutes to test each
board. As this testing time became more and
more unacceptable, the decision was made by
STC to switch to automatic testing.

Paul Zieschang, Manager of Hardware De-
velopment, recommended that the company
assemble its own system using 12 HP-IB com-
patible insruments, an HP 9835A Desktop
Computer as system controller and a 9885 Disc.
Zieschang reports that the 9835A was chosen
because its large CRT display made it easy for
an operator to interface with the system, and

because of its programming ease. What’s more, STC incorpo-
rated diagnostics into the system which help STC technicians
better understand the testing procedure. This software even
helps technicians locate — via a flashing cursor and a graphic
display of the board’s topology — the position of any component
on the board. Finally. the 9835A also delivers a print-out of
the component’s value and STC part number.

Documentation simplifies system configuration.

According to Zieschang, some of the many application
notes supplied by Hewlett-Packard were helpful both in de-
ciding the first configuration and speeding assembly of STC’s
first HP-IB system.

Flexibility that reduces the chance for obsolescence
and speeds assembly.

Twelve HP-1B compatible instruments were chosen for this
system, according to Zieschang, because HP’s bus archi-
tecture and programming ease permit the flexiblity necessary
to make changes within the system as STC’s requirements
change and, thus substantially reduce the possibility of
system obsolescence.

HP instruments also provide STC with speed of assembly.
The company assembled and programmed its first automatic



using HP-IB
“designed
for systems”

instruments
and computers.

P EFT M

e

test system faster than other comparable ways of solving its
system test needs. Zieschang believes they will be able to
assemble and program future systems even faster.
DESIGNED FOR

The bottom line. m
dJust as important, Zieschang says the STC HP-IB compatible

SYSTEMS
systermn will reduce testing time from 15 minutes per board . .
to approximately three minutes. A factor of five to one. The HP-IB: Not JUSt a
system is also expected to reduce the time required to debug standard, but a

faulty boards from 45 to 20 minutes. In short, STC's HP-1B
system will help the company turn out more boards per
day. » s -

Why not consider the HP-IB solution ;I .
for your production test needs? For
complete details, send for our brochure,
"Do your own system design in
weeks, instead of months.” Simply
write to Hewlett-Packard, 1507 Page
Mill Road, Palo Alto, CA 94304. Or —
call the HP regional office nearest you: TR )

East (201) 265-5000, West (213) | [b] HEWLETT
970-7500, Midwest (312) 255-9800, | p
South (404) 9551500, Canada (416)——  ~4 . PACKARD

678-9430. o Circle 73 on reader service card

decade of experience.




Brand-Rex: The state-of-the-art-
company in electronic packaging,
connector and circuit assemblies
and systems.

At Brand-Rex, we make it our
business to be on the growing edge
of technology.

That's why we've moved aggres-
sively to electronic packaging,
connector and circuit assemblies
and systems. That’s why we took our
wire and cable manufacturing
know-how into electronics and tele-
communications over a decade ago.
A move that has created a company

of more than $200 million in sales with
8 divisions covering the entire spec-
trum of the interconnection market-
place. At Brand-Rex we connect
genius with common sense. Imagi-
nation with experience. Blue Sky
product planning with-down-to-earth
business know-how.

At Brand-Rex we don't just ride
the waves of progress into the future.
We make the waves.

That's what it means to be a
state-of-the-art-company.

Abbott & Company, Marion, Ohio.
Producer of electrical interconnect-

ing assemblies, harnesses, cord
sets, plugs and inserts for the con-
sumer appliance and related indus-
tries. Three plants in Ohio and one in
Tennessee.

Electronic & Industrial Cable
Division, Willimantic, Connecticut.
Wire and cable for the business
machine, utility, military, and indus-
trial process industries. Also, extrud-
ed electrical insulating materials.
Additional plants are located in Man-
chester, Connecticut and Glenrothes,
Fife, Scotland (Brand-Rex Ltd.).
Garry Manufacturing Company,

SOME RIDE THE WAVES OF

Multi-layer double-sided and i
flexible circuit Boards are manu

factured by General Circuits. Inc
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Toll Management, Key Station,
Coin Telephone and Central
Office Equipment from Teltronics

Pyle-National's C-Line connector
designed for the Marine cargo
handting industry




New Brunswick, New Jersey. Manu-
factures a variety of electronic
interconnection devices, including
integrated circuit logic panels, sock-
ets and related accessories. Also
operates a plant in Pennsylvania and
at two locations in Switzerland.
General Circuits, Inc., Rochester,
New York. Manufactures multi-
layered, double-sided and

flexible printed circuits for the com-
puter and telecommunications
markets.

Nonotuck Manufacturing Company,
South Hadley, Massachusetts. Fabri-

cates uninsulated copper and cop-
per alloy wire.

Pyle National Company, Chicago,
lllinois. Specializes in commercial
and military connectors for aircraft,
missile, industrial, railroad and gen-
eral purpose applications. Has sub-
sidiaries in Mississauga, Ontario,
Canada, and Nottingham, England.
Telecommunications Cable Divi-
sion, Willimantic, Connecticut. Pro-
ducers of a broad line of telephone
wire and cable products, including
fiber optic cables, at plants located
in Asheville, North Carolina, and

Siloam Springs, Arkansas.
Teltronics, Inc., Lakeland Florida.
Supplier of a wide range of telecom-
munications products, including
central office, pay station and key
system line units, toll restriction
devices, and test equipment for

the telephone and aerospace
industries.

BRAND-REX

BRAND-REX COMPANY, A PART OF /A‘l(ZOﬂO INC
Willimantic, Connecticut 06226
Phone: 203/423-7771
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Our production LSl tester
won't put the squeeze
on your profits.

The cost of testing seems to be sky- |
rocketing. Benchtops look cheap
enough until you start adding up
their program development and
hardware interface costs. And sys-
tems designed for both production
testing and engineering character-
ization force you to buy more than
you need. So already narrow profits |
are squeezed even more. ’

Take heart. Because we've got a
system specifically designed for
high volume, high throughput pro-
duction testing. It's called Sentinel®
and it comes complete with a sur-
prisingly low hardware cost and
virtually no software cost.

Sentinel is software-compatible
with our Sentry® systems. So you
can awoid high program develop-
ment costs by using your Sentry
programs for production testing on
Sentinel. Which means you can get
on line fast and for less money.

Unlike hardware based bench-

)

Circle 76 on reader service card
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‘ tops, Sentinel's general purpose

architecture lets you test a wide
variety of devices and technologies.
Simple peripheral chips. Complex
micro-processors. And just about
anything up to 64 pins.

For production throughput, Sen-
tinel is tough to beat. Its production-
oriented operating system mini-

mizes test plan execution time. And
its dual-level comparators eliminate
the need for multiple passes on
functional tests.

So relieve your profit squeeze.
Look into Sentinel. Low cost hard-
ware. Proven software. And the
same worldwide field service team
that gives Sentry the highest uptime
record in the industry. Call us at
(408) 998-0123. Or write Fairchild
Test Systems Group, 1725 Technol-
ogy Drive, San Jose, California
95110.

FAIRCHILD

A Schlumberger Company
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Significant developments in technology and business

System transmits
color photos at
monochrome speed

by John Gosch, Frankfurt bureau manager

University-developed method
uses wire, radio phone links;
color photos can also be
received in black and white

An engineering team at the Technical
University of Braunschweig, West
Germany, has developed a transmis-
sion system that allows color photos
to be sent over wire or radio tele-
phone channels at the same rate as
black-and-white pictures. The pho-
tos can be received either in their
original color or, in coded form, as
monochrome versions.

In conventional color photo trans-
mission methods, the red, green, and
blue components of the original are
sent one after the other, but that
takes three times longer than trans-
mitting a monochrome picture.
“That’s why topical press photos

—~COLOR PICTURE

»— COLOR FILTERS

siated to go into print as fast as
possible are sent almost exclusively
as black-and-white pictures,” points
out Hubert Niemeier, a member of
the development team at the univer-
sity’s Institute for Communications
Engineering.

With the new system—its devel-
opment was funded by the German
Research Society, a government-
financed organization—the coded
color components are transmitted
simultaneously and in compressed
form together with the black-and-
white component of the original col-
or photo. The signal compression
and the simultaneous transmission
account for the threefold time reduc-
tion compared with ordinary color
transmission schemes using phone
circuits. It takes about four minutes
to send a 9-by-12-centimeter (3.5-
by-4.7-inch) color photo with the
new method.

The institute is currently negotiat-

MONOCHROME FILM
OR PHOTO PAPER

LAMP | LAMP
PHOTOSENSORS |
| EQUALIZER
Y LUMINANCE |
MATRIX R-Y 1 COMPRES- MULTI L. s
SION PLEXER[™ "1 W
TELEPHONE
| CHANNEL
B-Y | COMPRES
SION |
TRANSMITTER | RECEIVER

Speedy. System sends color photos as fast as black-and-white. A special color receiver is
needed, but for black-and-white versions a conventional monochrome receiver suffices.
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ing with an unidentified electronics
firm about the commercial exploita-
tion of its system. Niemeier sees
press agencies, magazine publishers,
newspaper editorial offices, and tele-
vision broadcasting studios as the
prime customers. Studios could use
it for blending topical color shots
into news programs, for example.

Signals. At the transmitting end,
the original color photo is helically
scanned, with three color filters in
the scanning head serving to divide
the modulated light information into
the red, green, and blue components
(see figure). From the latter, three
photosensors generate the R, G, and
B chrominance signals, which are
subsequently matrixed to produce
the Y luminance signal and the
R-Y and B-Y color-difference
signals. The luminance information
is identical to the black-and-white
component of the original color pic-
ture, and the two difference signals
contain the color information.

Both color-difference signals are
compressed with respect to time and
applied together with the luminance
signal to a multiplexer. While a line
is being scanned, the multiplexer
sequentially feeds the R—Y, then
the Y, and then the B—Y signal to
the telephone channel. Because of
signal compression, the bandwidth
needed — 300 to 3,400 hertz—is no
larger than that required for black-
and-white picture transmission.

For recording in color, a special
color picture receiver is needed. But
a conventional monochrome photo
receiver can be used to record a
black-and-white picture, because of
the luminance information in the
signal combination. After going
through an equalizer, which com-
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pensates for nonlinearities in the
modulating lamp and the film, the
signals are used to control the expo-
sure of film or photographic paper.
The picture can be developed by con-
ventional means and then used by,
say, a newspaper to determine if a
color version is wanted.

If a color photo is wanted, the
received black-and-white picture,
which has the color-difference infor-
mation at the start and end of each
line, is scanned using a normal
monochrome television camera. Its
output is fed to a demultiplexer to
separate the composite signal into
the luminance signal and the com-
pressed color-difference signals.
Next, the latter two are expanded in
a “decompression” circuit. Its output
is then fed together with the lumi-
nance signal to a dematrixing stage
that produces the red, green, and
blue chrominance signals.

France

Wafer stepper
aligns chips fast

Researchers at Thomson-CSF’s Cen-
tral Research Laboratory believe
they have taken a giant step toward
a quicker and more accurate chip
alignment system by refusing to
repeat what their predecessors have
done. The wafer stepper for large-
scale integrated circuits, to be pro-
duced by Thomson’s Cameca subsid-
iary in 1982 [Electronics, April 24,
p. 68], will be able to produce 50
4-inch wafers per hour with auto-
matic chip-by-chip alignment precise
to within *0.2 micrometer. The
minimum line width will vary from
1.4 to 0.5 um, depending on the
optics chosen by the user.

Thanks to what Thomson calls
real on-axis alignment, the machine
will be faster and more accurate
than steppers employing video image
analysis, says Jacques Trotel, man-
ager of the firm’s microlithography
laboratory at Orsay, near Paris. The
latter has been adopted by, for one,
GCA Corp.’s Burlington division.

The alignment system is similar to
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that of the PAS 2000 stepper being
developed by Philips—formerly
called the SIRE 3 [Electronics, April
12, 1979, p. 110]. It is based on dif-
fraction grating. The difference,
according to Trotel, is that Thom-
son’s alignment pattern will be posi-
tioned directly adjacent to each cir-
cuit on the wafer; in contrast, the
PAS 2000 calls for an alignment pat-
tern distant from each circuit, which
Trotel describes as “pseudo—on-axis
alignment.” With real on-axis align-
ment, he explains, there is no need to
move the wafer into place after it has
been aligned.

Broken up. The alignment pattern
on the reticle consists of a series of
parallel, equidistant lines. During
the first masking step, a similar pat-
tern is placed on the wafer. The on-
wafer pattern differs from the reticle
pattern in that the lines are broken
up into a series of points; that is, the
on-wafer alignment pattern is a
matrix of dots.

To align the two patterns, a coher-
ent light beam, from a small laser, is
projected through the reticle align-
ment pattern onto the wafer. By
measuring the light diffracted back
up to the projection lens, the degree
of alignment can be determined, be-
cause of the diffraction characteris-
tics of coherent light waves.

The orders of diffracted coherent
waves behave in a specific manner,
and since the on-wafer pattern con-
sists of a series of points, the pres-
ence or absence of diffracted images
of those points on the projection lens
indicates the quality of the align-
ment between the two patterns. For
example, if only the first-order dif-
fracted waves show up on the lens,
the two patterns are not very well
aligned, whereas the presence of the
second- and third-order diffraction
indicates a high degree of alignment.

Totaled up. As a result, by mea-
suring the total amount of diffracted
light on the projection lens, maxi-
mum alignment can be obtained.
Measurement is accomplished
through the use of a single photosen-
sitive cell, which reacts to both
amplitude and phase variations.

Trotel says the process takes only
60 milliseconds. Chip alignment can

thus be done much more quickly
than with video image analysis,
which requires point-by-point scan-
ning. Another advantage of the tech-
nique, he says, is that video image
analysis in some cases fails to detect
very slight contrast variations,
whereas it is relatively easy to pick
up even very slight changes in coher-
ent diffracted light waves thanks to
phase variations. -Kenneth Dreyfack

Great Britain

Phone links to carry
teleconferences

Picture-phones linking offices and
homes via cheap wideband fiber-
optic links have been widely hailed
as an effective alternative to business
travel in an increasingly energy-con-
scious world. But low-cost light links
still seem a long way off, so in the
interim the British Post Office plans
to offer, starting in late 1981 or early
1982, an experimental visual services
network that does the job largely
through the existing telephone net-
work using narrowband trunk lines.
Expensive fiber-optic links will come
into play only for short hops between
customers’ premises and the local
exchange.

Piped in. The upcoming network
will pipe conferencing facilities right
into customers’ offices and factories,
most likely on a wideband optic link,
though post office engineers have
also shown how a narrowband video
signal can be squeezed down to go
over a conventional telephone pair.
The hardware the BPO has in mind
will show three conferees in close-up
or six on a split screen. It will also
provide document transmission and
telewriting services.

Actually, the BPO has had Con-
fravision, a video conference service
linking large cities, since 1971. But
to use it, the conferees have to travel
to a special studio, an obvious draw-
back. What’s more, the service uses
expensive wideband microwave links
to carry the video.

To hold down bandwidth, the en-
gineers sacrifice picture quality. The
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e Incredible
8K Cache

This is the ultimate version, the 8K
cache with everything. You have never
seen one like it before, and you may
never see another. Designed for the
11/34, 11/35 and 11/40, it has
byte and address parity,
upper/lower limit switches,
on-line/off-line manual switch
control, activity indicator lights,
8K bytes of memory (4K
words) providing a capacity
four times that of competitive
units and an interconnect
board design which
consumes no extra space

in the computer.

That’s why there is always
room in your computer for this
incredible cache. You should put

one there, especially if you are the
kind of guy who likes to optimize his
system for top performance. Our 8K super-
charger lets you tailor performance to match
your application and to establish hit-ratio
optimization. It indicates hit rate and parity error
immediately and, if errors are detected, shuts off
automatically without ever interfering with system
operation. It is, in fact, the only intelligent buffer memory
turned out by an independent manufacturer.

There are two models available, Cache/434" and Cache/440" Both are
priced competitively and are available off-the-shelf as usual. Write for
details. We'll also include information on our other buffer memories as well
as add-in memories, quad interface boards, bus

repeaters and LSI adaptors. When you see what we
send you'll know why we consider ourselves the leader

among manufacturers of DEC* enhancements. Able
Computer Technology, Incorporated. 1751 Langley Avenue,
Irvine, California 92714. (714) 979-7030. TWX 910-595-1729.

Able, the computer experts

*DEC is a registered trademark of Digital Equipment Corporation.

See Able products booth 3411,
NCC, Anaheim Circle 79 on reader service card
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On screen. The BPO has proposed an experimentai teleconferencing system that will initially use the public switched telephone network. To
do so, the standard TV bandwidth will be compressed from 5 to 1 MHz and only every other TV line will be transmitted.

television equipment will be stan-
dard 625-line television hardware,
but for trunk transmission the nor-
mal 5-megahertz video signal is fil-
tered to 1 MHz. This reduces the
horizontal but not the vertical reso-
lution, so only every other line is
transmitted. The bandwidth com-
pression equipment at the local
exchange will be shared by the users,
most likely cutting trunk transmis-
sion costs 80%.

Eventually, lower-cost 2-mega-
bit/second data links will be used to
carry the 1-MHz, 313-line TV im-
ages. The post office, in fact, is col-
laborating with other European tele-
communications agencies to develop
a codec for this purpose.

Because the hardware is standard,
say the engineers working out the
system at the BPO’s Martlesham,
Ipswich, research center, moving up
to full 625-line transmission when
low-cost wideband links become
available will be simple. Meanwhile,
they point out, because of better use
of the picture frame, faces will be as
clear, even with the reduced line def-
inition, as with Confravision.
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However, for document scanning
higher definition is needed, and to
achieve it the engineers trade in
some speed using a newly developed
digital slow-scan television terminal.
It writes a complete digitally en-
coded field of the wanted picture
into a store and then reads it out at
whatever bit rate is available up to a
maximum of 128 kilobits/second.
(This equipment will also be avail-
able to users of the BPO’s Orator
audio conferencing service now be-
ing field-tested and will be offered
separately as well for traffic surveil-
lance and other applications.)

The system employs a simple 4-bit
differential pulse-code-modulation
scheme and sends only every other
line, with 256 points per line. Over a
4.8-kb/s line, the transmission time
is 50 seconds; over a 64-kb/s System
X digital link, the time is less than 4
seconds. The system is also compati-
ble with viewdata, the interactive
service that ties terminals to data
banks through the public switched
telephone network.

First customers for the new ser-
vice almost surely will be big compa-

nies who can afford to set up small
Tv studios for teleconferencing. The
terminal equipment will be tied into
a service unit linked to a local video
services exchange via incoming and
outgoing 5-MHz channels and an
ordinary telephone pair. The broad-
band paths will carry audio, data,
and control signals multiplexed with
the line-synchronization pulses of
the video signal. They will handle
facsimile and telewriter services as
well. The telephone pair will be used
for nonvideo calls and for slow ser-
vices such as viewdata, for which a
decoder is included. -Kevin Smith

West Germany

Molecular probe
does little damage

Combining their expertise in low-
temperature physics and electron
optics, researchers at Siemens AG
have developed a technique that
probes almost nondestructively into
the molecular structure of organic
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YOUR TIMING NEEDS IN A SINGLE PACKAGE

designed to drive

2106 28000, Z80A

Model K1160A, a thick film hybrid with ac-
tive pull-up on the output, accomplishes in
one DIP package the functions that would
require, by conventional techniques, almost
a dozen and a half discrete components.

The K1160A saves you the board space re-
quired by these components, and eliminates
production man-hours wasted analyzing
oscillator circuits and matching crystal
parameters to circuit components.

Simply plug the K1160A into your design,
apply +5V dc, and you get the precise output
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Z80A microprocessor.
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Model K1150A generates two comple-
mentary CMOS compatible waveforms at
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8741 Universal Programable Interface
element.

Only .200" seated height, and using just
.820" by .520" board space, the K1150A lets
you use standard logic boards with no loss
of spacing. The single package oscillator
concept saves more than board space; it
saves design time, parts-insertion labor,
and overhead costs in selecting, qualifying,
buying, and inspecting discrete components.

Simply plug the K1150A into your design,
apply +5V dc, and the dual complementary
CMOS output waveform you need appears
at the output.
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Are bills turning
your life story into “The
Case of the Disappearing
Paycheck’? Does all
your hard-earned money
seem to vanish without a
trace left to save?

Then perhaps you
should investigate United
States Savings Bonds.

Because saving with
Bonds is so simple, it’s
elementary. Especially
if you join the Payroll
Savings Plan.

Once you sign up,
you see, a small part of
each paycheck is auto-
matically set aside to buy
Bonds.

Which means as soon
as you're paid, you save.
Before you're left trying
to deduce where it all
went.

Buy U.S. Savings
Bonds through the
Payroll Savings Plan.
And take the mystery
out of saving.

in Amer‘ica.

Ad A public service of this publication
and The Advertising Council.
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Resolved. At 4 K, Siemens researchers have been able to represent sample’'s molecular
structure without damage and with a resolution of 1.6 A (left). At room temperature and
roughly one third the dose and accelerating voltage, the structure is largely destroyed (right).

materials and achieves a point reso- previously been reported.
lution as high as 1.6 angstroms. As The technique, implemented with
far as they know, that value has not a superconducting electron micro-

Around the worid

Sharp enters facsimile competition

Sharp Corp. will join the facsimile race in September with a iong-range goal
of capturing a 10% share of the world market. Last week, it unveiled its
Hayax machine, which transmits a standard-sized page in 3 minutes in
conformance with the CCITT Group 2 specifications. The desktop unit, to
cost about $2,400, allows the operator to monitor the copy being wired
simuitaneously with the transmission. Sharp uses a specially developed
charge-coupled-device sensor to produce clear copy and an ink-jet printer
that enables plain paper to be used. Versions that can copy in 20 or 40
seconds were also demonstrated. The initial production schedule calls for
300 units per month, for the domestic market.

SGS to second-source two Mostek telecomm chips

SGS-ATES Componenti Elettronici SA has signed an agreement with Mostek
Corp., Carrollton, Texas, to make two Mostek products for the European
telecommunications market as a second source. The products are the MK
5156 codec and the MK §912 switch capacitor filter. The company, based in
Agrate, outside of Milan, says that the idea is to bring its completely
interchangeable parts to the market within a year or so. it will sell through
subsidiaries throughout the Continent.

Home alarm systems ring the bell with West Germans

The West German craving for security is giving the market for electronic and
electrical fire- and theft-alarm systems a big boost. According to the Frank-
furt-based Central Association for the Eletrotechnical Industry, last year
nearly half a million such systems were sold domestically, estimated at
roughly $250 million in value. The 1979 market growth—about 11%—far
exceeded that for the electronics and electrical industries as a whole. For this
year, the association expects the growth to continue unabated.

Fuji to up video cassette tape production 400%

Fuji Photo Film Co. will expand its home video cassette tape capacity
fourfold to 4 million units a month by May 1981. The company will spend
some $20 million—one fourth of its total capital spending during the current
fiscal year—to build a new 2.5-million-cassette/month plant. In addition, it
will increase the capacity of its existing plant from 1 million units a month to
1.5 million. Fuji’s investment plan is based on its estimate that the present
capacity will be fully utilized by the summer of 198 1. The company estimates
its share of the domestic market in home video cassette tapes at 25% to
30%, about the same as that of TDK Electronics Co. Both produce tapes for
VHS and Betamax video tape recorders.
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scope, has important implications in
biological research. One prime ex-
ample is in investigating the nature
of cancer cells.

It is alsq important in electrical
engineering, for gaining a more pro-
found knowledge of organic sub-
stances of the kind used in making
insulating materials, points out

Isolde Dietrich, the head of the
Munich research department at
which the technique was developed.
It is in fact for that purpose that the
method is initially intended.

Frozen. The key to the technique
is getting the temperature of the
apparatus and the sample to be
investigated down as low as possible.
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Using liquid helium, the Siemens
team has lowered the temperature to
4 K. That, plus the ability to keep
the system stable at that tempera-
ture, virtually freezes the molecular
structure into place, allowing a high-
resolution, high-contrast picture to
be made.

To represent a molecular struc-
ture, the sample must be bombarded
with a certain dosage of electrons.
The dosage, Dietrich explains, must
be big enough to ensure that the
signal-to-noise ratio still permits a
reasonably good picture. At room
temperature, however, the result is a
highly damaged structure: the im-
pinging electrons simply carbonize
it, leaving a residue with little infor-
mation content.

Virtually no movement. But cool
the sample to near absolute zero and
the structure freezes. The electrons
still break up the bondings between
the molecules, but the molecule frag-
ments remain intact. They cannot
diffuse, as they would at room tem-
perature, because there is virtually
no thermal energy or movement at
near absolute zero.

In implementing the technique,
Dietrich’s team uses a superconduct-
ing lens system into which the sam-
ple is placed. The system is thermal-
ly decoupled—that is, isolated—
from the outside world. With both
the system and the sample at the
same low temperature, the whole
apparatus is thermally highly stable;
temperature gradients that could
otherwise cause a lateral drift of the
sample are all but eliminated. The
material’s low expansion coeffi-
cient—less than 0.001 of the value at
room temperature —also contributes
to a stable system environment.

As the left-hand photo shows, at 4
K and with a dose of 170 electrons
per square nanometer and a beam
accelerating voltage of 220 kilovolts
the molecular structure is almost
completely intact.

The sample involved consists of
the organic substance L-valine, a
component part of protein. The
white dots represent diffraction re-
flections. From them, it is possible to
determine the atomic structure of
the substance. -J.G.
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Thereis onlyone
high performance

VLSI computer
solution.

Intel delivers it.



Architecture for hi

How Intel’s 8086
microsystem, with its
powerful structured
architecture, helps
designers meet the
complex performance

requirements of
the ’80s.
You need more than a CPU

alone to meet the performance
requirements of the '80s, because
today’s success lies in powerful
new, structured approaches to
system design. By logically seg-
menting and distributing system
functions, structured design allows
greatly increased throughput—
and shorter design cycles. For
example, with the 8086 family,
using classical mainframe multi-
processing techniques, you can
achieve 1/0O bandwidths of from

2 to 20 megabytes per second.
That'’ at least 10 times wider than
other systems. The object code
for the 8086 family is 30% denser
than the code for any other
microcomputer available today.
And, using our 8087 co-processor,
you'll be able to perform 64-bit
floating point arithmetic in less
than 15 microseconds, surpassing
existing systems by factors of

10 to 1000.

Intel’s 8086 microsystem is
the only 16-bit solution designed
specifically to accommodate
efficient multiprocessing schemes.
What's more, only the 8086 is
supported today by the VLSI
building blocks you need to
implement these high powered
multiprocessing designs. Intel’s
new HMOS* 8089 1/O processor,

for example, can increase through-




sher performance.

put by a full order of magnitude
in [/O intensive designs. And look
to Intel for high-integration co-
processors, such as 8087 numerical
data processors. They’re to
help you increase per-
formance in multi-
processing systems
using our 8086
CPU. Or, for

%»
&a. |

including our new 16K 2118
Dynamic RAM.

New fluency in high level
languages

The trend toward
structured high level
languages is one
more reason to
choose Intel’s

even faster v i o _ 8086 system
processing, Microprocessors '” "\ solution. Of
use our new ’ all the 16-bit
8086-2. It microcom-
the 8MHz sontdara puters, iny
CPU, avail- Development the architec-
able today, that Sripms ture of the
delivers the top 8086 is made

price/performance
of any 16-bit micro-
processor. Count on
Intel foroptimum

to let designers
work effectively in
high level languages
and achieve

price/performance

Intel Structured System

fastest possible

in the future, too,
as we add memory management
and protection, and software
modules in silicon.

Intel lets you implement power-
ful designs in an 8-bit format,
t0o, with our 8088. The 8088 is
hardware compatible with your
8-bit designs and software com-
patible with our 8086, to help you
get tomorrow's performance in
your system today.

You'll find other ways to
unburden your CPU and increase
throughput with Intel’s 5 data com-
munication peripherals, 7 device
controllers, 6 slave processors,
and 8 system interface circuits—
all compatible with the industry
standard Multibus™ bus. For high
performance program memory,
choose from Intel’s 16K and 32K
EPROMs, including our new high
speed 2732A. Intel also delivers
the world’s largest selection of
5-volt static and dynamic RAMs,

system through-
put with them. Because the 8086
is memory based, it allows up to
30% shorter high level language
object programs and correspon-
dingly faster instruction fetching.
And Intel lets you match your
language precisely to your task
with Pascal, PL/M, our ASM86
macroassembler, and ASM89
assembler. You'll get even more
flexibility in the future with
Intel's FORTRAN and COBOL.

Development tools for
higher performance

To help designers shorten
design cycles and save develop-
ment costs in the '80s, Intel
delivers a full complement of
structured software and hardware
development tools. Our revolu-
tionary new RMX/86™ multi-
tasking operating system, for
example, puts you months closer
to market with complete file

manipulation, task scheduling,
and interrupt capabilities. And
since this software package is here
today, you can start developing
your applications software
immediately.

To improve the performance
and productivity of your entire
development team, use Intel’s
Intellec® Microcomputer Devel-
opment System and our ICE-86™
and ICE-88™ In-Circuit Emula-
tors. They're the fastest tools
available for developing and
debugging 16-bit microcomputer
systems. For even faster time to
market, get Intel’s already tested

and debugged iSBC86/12A™

single board computer.

Meeting the demands of
anew decade today

Everything you need to
improve performance, reduce
complexity, and speed your time
to market is here from Intel today.
For more information on our
complete 8086 VLSI system
solution, mail us the coupon on
the other side of this page.

HMOS 1s a patented Intel process

Europe: Intel International, Brussels, Belgium.

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



Your first step toward higher performance

requested below and send it to of scissors handy, give usacall at
How to get more Intel Corporation, Literature 408/ 734,3102 l(lI_ite}rlat}llxre Departlf
. . Department, 3065 Bowers Avenue, ment) and we'll rush the materia
information on 80§6 Santa Clara, CA95051. Indicate  out to you. Or call your local Intel
VLSI system solutions. what your particular interestsare,  distributor.
including workshops, and we'll Intel wants to help you meet
To find out more about our make sure youget theappropriate  the performance requirements of
solutions, fill out the information  material. If youdon’t have a pair the "80s. It all starts right here.

Address AVED 4 LN

City, State, ZIP. _ . _ - | _l v, 24 8 Fyy @0

_ [ have an immediate requirement, please telephone me at ( ) .
_ I need additional information.

Please put the letter corresponding to your yearly requirements in the line to the left of those
products of interest.

w for 1-10 per year
x for 11-99 per year
y for99-999 per year

z for over 1,000 per year

A 16-bit Microprocessors ___ F EPROMS _ L Macroassembler
___ B 8-bit Microprocessors _ G Bubbles __ M Operating Systems
___ C Single-Chip ___ H Single Board Computers (RMX/86™)

Microcontrollers ___ N Telecom Products

1 Development Systems
D Peripheral Controllers __ ] Debug Tools ___ O Military Products

E RAMS K High-Level Languages — P Workshops

(— )

Indicate languages

123456 Circle No. 100 for information.
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16-bit makers solidify positions

Motorola’s announcement of raft of peripherals

for its 68000 CPU gives shape to competitors’ strategies

by Raymond P. Capece, Technical Managing Editor, and John G. Posa, Solid State Editor

The stakes have never been higher in
the contest for 16-bit microprocessor
market share, as one by one the
manufacturers are showing their
hands. The latest is Motorola Inc.,
which, while making little noise
since first going to silicon on its flag-
ship 16-bit processor—the 68000 —
has been busily chipping away at
support blocks like peripheral cir-
cuits and software to put flesh on the
bones of its offering. As a result, the
microprocessor operation, based in
Austin, Texas, together with the
microsystems operation, in Phoenix,
Ariz., is ready to announce a variety
of peripheral chips, software pack-
ages, and development products at
next week’s Electro/80 in Boston.

“But we're not selling futures,”
declares Murray A. Goldman, oper-
ations manager for the n-channel
MOS microcomputer group in Aus-
tin. He is referring to details given
by Intel Corp. of forthcoming pro-
duct lines to succeed the 8086 family
[Electronics, Feb. 28, p.89]. “Intel
has suddenly moved the battle-
ground out from 1981 to 1985, and
we'd like to keep the focus on
today.” He adds that with signifi-
cant volumes of 68000 chips coming
off the line—production has blos-
somed into thousands of parts per
month —the company has fended off
allegations that the large (70,000-
square-mil), complex (68,000-de-
vice) chips cannot be built. Another
allegation —that Motorola will not
have the peripherals to support the
68000—will be eliminated with the
announcement of nearly a dozen
chips.

Déja vu. Goldman likens the com-
petition’s release of product plans to
‘““a position we were in five years ago
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with the 6800, when we needed to
preannounce to gain market share.”
But he adds that Motorola’s micro-
computer effort has come a long way
since then, when its move from
Phoenix to Austin proved crippling
[Electronics, Nov. 24, 1977, p. 75].
But once the Austin facility was in
place, Motorola began building its
microcomputer portfolio aggressive-
ly. By 1977, it had four major pro-
grams under way: three 8-bit fami-
lies, including the 6805 low-end sin-
gle-chip microcomputers; the 6801
mid-range single-chip family; the
6809 high-end microprocessor fami-
ly, and its advanced 16-bit design,
the 68000. The first three all are to
receive new members (see p. 48).
“No other company has intro-
duced that many parts of that kind
of complexity in as little time,”
boasts Jim Fiebiger, vice president
and general manager of Motorola’s
MOS Integrated Circuit division,
which has had a compound annual

o -
“‘ ‘
i -‘(

Churning ‘em out. Jim Fiebiger says Motor-
ola’s microprocessor operation will average
a new part each month over next few years.

growth rate of some 86%. “In all, we
expect to average one part per month
over the next few years out of micro-
cessor operations,” Fiebiger adds.

Support roles. Through the end of
next year, eight different chips will
be rolling off Motorola’s lines in sup-
port of the 68000. Those due out by
year-end include:
® The 68120 intelligent peripheral
controller, a programmable device
based on the 6801 single-chip micro-
computer that will allow users to
hook devices such as printers asyn-
chronously to the 68000 bus.
® The 68122 cluster terminal con-
troller, which unburdens the 68000
of coordinating the communications
among several terminals.
® The 68540 error-detection and
-correction chip, which fixes single-
bit and detects double-bit errors in
16-bit systems and can be cascaded
to 32 bits for future systems.

Next year, Motorola will debut:
® The 68451 memory management
unit, providing address translation
and protection (and supporting vir-
tual memory) for the 68000’s 16-
megabyte address space.
8 The 68450 direct-memory-access
controller, a complex device with the
68000’s microprogrammed control
unit at its core for 4-megabyte/sec-
ond transfer of data in words or
blocks between systems (to be
wrought in silicon by Hitachi Ltd. of
Japan, a licensed second source of
the 68000 family.
8 The 68230 parallel interface and
timer, a general-purpose housekeep-
ing device to handle input/output,
interrupt, and timing needs.
® The 68561 multiple-protocol com-
munications controller, a sophisti-
cated data-communications periph-
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eral that will handle SDLC, HDLC,
Bisync, and X.25 protocols.

® The 68341 fioating-point ROM, a
packaged software routine pro-
grammed with position-independent
re-entrant 68000 code that carries
out floating-point arithmetic.

Further down the line, Motorola is
planning a dual-port random-access
memory, a bubble memory control-
ler (to be executed by Motorola’s
domestic second source, Rockwell
International Corp.), and a serial
DMA processor aimed at distributed-
processing applications.

With Motorola’s 16-bit micropro-
cessor plans bared, competing strate-
gies become all the more apparent.
In particular, support devices for the
68000, Intel’s 8086, Zilog Inc.’s
78000, and National Semiconductor
Corp.’s NSC16000 have evolved in a
manner quite unlike that of the
peripheral chips of their 8-bit prede-
cessors. These older microprocessors
were surrounded with peripheral
controllers and support chips as an
afterthought, usually in response to
customer feedback.

In contrast, the latest machines

and their companion products result
from partitioning a grander architec-
ture, envisioned by the chip makers
in advance. As such, these subsys-
tems can be recombined on silicon as
large-scale integration allows.

This explains the genesis of Mo-
torola’s and Intel’s coprocessors;
Zilog’s extended processing units, or
EPUs; and National’s slave proces-
sors: so powerful are the computers
promised by these companies that
the CPU itself had to be diced up. In
effect, then, today’s high-perform-
ance 16-bit units are really multichip
solutions awaiting H-MOS II and I1I.
Still, a look at each manufacturer’s
system architecture unveils the phi-
losophy of each.

Texas Instruments Inc., which
plans two high-performance addi-
tions to its 9900 family within a
year, is sticking with its memory-
to-memory architecture. The ap-
proach has been criticized for its dis-
proportionate number of references
to external memory, but the solution
seems obvious: “We will bring the
workspace on chip,” hints John
Hughes, manager of microprocessor
system engineering at TI.

Intel has forgone a separate mem-
ory management unit, choosing first

to offer an input/output processor,
the 8089, and a high-class mathe-
matics coprocessor designated the
8087 (see p.114). The other chip
makers have near-immediate plans
to manage memory with an external
device; with Motorola and National,
this slave makes available 16 mega-
bytes of virtual storage.

It seems that end-user systems are
not yet in Intel’s game plan; the oth-
er manufacturers are aiming straight
for that market, however. Motorola
recently revealed plans for boxing its
68000-based boards into full 32-bit
systems built around the Versabus
[Electronics, Jan. 31, p. 81], which it
is pushing to be accepted as an
industry standard. National, as well,
sees itself strong in systems, especial-
ly since its acquisition of Itel Corp.
Zilog, for its part, has always consid-
ered itself oriented toward small-
business systems. As for TI, the
more advanced of its new 9900 offer-
ings must, of course, preserve the
installed 990 minicomputer system
base. And Intel’s aversion to the sys-
tems business will be put to the test
with its next offering, due out later
this year. It will likely compare
favorably with the National, Zilog,
and Motorola families. |
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6805R2
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© 68120 INTELLIGENT PERIPHERAL
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® 68122 CLUSTER TERMINAL

CONTROLLER
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The Austin portfolio. Motorola’s Austin operation is involved in raising, and adding to, four separate microprocessor families. The 8-bit
members are based on the 6801, 6805, and 6809 CPUs. At the high end is the 68000, which does not suffer from lack of support.
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And say hello to Fluke’s
family of True RMS
Digital Voltmeters at
analog prices. The ad-
vantages of a digital
voltmeter’s speed and
accuracy have finally
come to wideband true
rms measurements.
Thanks to an exclusive
Fluke-designed micro-
electronic chip, you can
now make true rms measure-
ments with an ease never before
possible—and starting at just $1195*

Try this on your old analog meter.
Each model boasts an autoranging
LED display of volts (3% digits) or dB
(4% digits) with 0.5% midband accur-
acy. An exclusive “dial-a-reference” fea-
ture lets you match the instrument’s
dBm reference to the impedance of the
system you're working with. The
resultant direct reading of dBm eli-
minates time consuming calculations.
With the relative dB feature, you can
set the existing dB reading to zero
establishing the input voltage level
as the dB reference. Subsequent
readings will be indicated as +dB. All
with ac or ac+dc input coupling.

For simplified peaking/dipping
measurements, an analog meter com-
plements the digital display. Counter
and log output options are available
for your system applications.

Match the model to your mea-
surement needs. There’s no compro-
mise when buying a Fluke True RMS
Voltmeter. The 8920A and 8921A boast

*U.S. Prices Only

ye {0 your

og RMS Voltmeter.
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adding the new 1120A
Translator, with appropriate
" 1instrument options. you
can make your new
voltmeter IEEE-488
compatible.

See how the 8920 Series
measures up. For imme-
diate response, contact the Fluke
sales office or representative in your
area or call:

800-426-0361
If you prefer, just complete and mail
the coupon below.

10Hz to 20MHz specifications with a
2mV range to 2MHz. Choose the 8920A
with a BNC input or, for floating mea-
surements to 500V, the 8921A with
isolated banana jacks.

The 8922A, newest in the series,

includes design enhancements for ©
both audio measurements (with
specifications to 2 Hz) and rf
e applications (with an P e cccccccccc e -
11 MHz, 2 mVrange). INTHE U.S. AND NON-
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YOUR CHIPS COMEIN

MITEL’S

‘CHIP + CHIP’
TOUCH-TONE
RECEIVER.

At Mitel Semiconductor, we
practice one-upmanchip.
The MT8860 DTMF Decoder
and the MT8865 Band Split
Filter are the lowest cost

100 per cent semiconductor
solutions to a complete
DTMEF receiver available.
Smaller than conventional
receivers, this chip-set
features separate filter

and decoder components
with applications ranging
from switching systems to
mobile radio.

FEATI.IRES

* 12 mW power dissipation.

¢ Single supply voltage from
4.5 to 13 volts.

* 14 dB signal to noise ratio.
¢ Exceptionally low talk-off
rate (less than three hits on
. Mitel test tape).
»y* 30dB dynamic range.
& '* 30dB precise dial tone
| rejection.

Now available for
immediate delivery.

LAUNCHING THE CHIPS OF TOMORROW.

MITEL SEMICONDUCTOR

United States: 1735 Jefferson Davis Highway, Suite 1009, Arlington, Virginia, U.S.A. 22202. Telephone (703) 243-1600
1223 Westchester Pike, Havertown, Pennsylvania, U.S.A. 19083. Telephone (215) 449-5556.
2321 Morena Blvd., Suite M, San Diego, California, U.S.A. 92110. Telephone (714) 276-3421.
Canada: P.0O. Box 13089, Kanata, Ottawa, Ontario, Canada K2K 1X3. Telephone (613) 592-2122,
Telex: 053-4596, TWX: 610-562-8529.
18 Airport Bivd., Bromont, Quebec, Canada JOE 1L0. Telephone (514) 534-2321, Telex: 05-267474.
Europe: Hamilton Road, Slough, Berkshire, England SL14QY. Telephone 0753-36137, 0753-36138, Telex: 847730
Fredericiagade 16, Suite 309, 1310 Copenhagen K, Denmark. Telephone (01) 119302, Telex: 27246
Asia: Park-In Commercial Centre, Suite 1423, 56 Dundas Street, Mong Kok, Kowloon, Hong Kong.
Telephone 3-318256, Telex: 64235.
Copyright 1979 Mitel Corporation
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Communications

Two hams capture manufacturers’ ears

DeMaw and Hayward's years of work to improve receivers

force industry to react to their suggestions and design innovations

by Vincent J. Biancomano, Circuit Design Editor

Nestled quietly among the 34 techni-
cal sessions scheduled for the up-
coming Electro/80 conference is No.
5, “Recent Decvelopments in Com-
munications Receiver Design.” Its
presence on the program must be
considered to be as much a tribute to
two men as to the timeliness of its
subject.

The two are M. F. “Doug” De-
Maw, who organized the session,
and Wesley Hayward. DeMaw is in
Hartford, Conn., as technical de-
partment manager at the American
Radio Relay League Inc. and Hay-
ward is in Beaverton, Ore., as an
engineer at Tektronix Inc. But
together, by hard work and persis-
tence, they have persuaded rf engi-
neers to reexamine the design philos-
ophy and circuits needed to build
high-quality radio receivers for ama-
teurs, spurring commercial produc-
ers to turn out equipment with high
dynamic range and selectivity and a
high noise floor for a reasonable
price. It also took years of persis-
tence for these two *‘nonprofession-
als™ to be admitted to Electro.

And the industry has generally
been appreciative. “The technology
in the high-frequency semiconductor
area and the like was becoming
readily available, and so | viewed
this type of progress as inevitable,”
says Chip Margelli, assistant vice
president of the U.S. operation of
Japan’s Yaesu-Musen Ltd., a major
maker of amateur gear. “But Wes
and Doug did lead in attempting to
define the language, posing ques-
tions as to the type of measurements
that should be standardized in order
to gauge the performance of receiv-
ers in a real-life environment.”

Others such as Bill Sabin, an engi-
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necr at Rockwell International
Corp.'s Electronics Operations, Col-
lins Radio division, Cedar Rapids,
lowa, acknowledge the Hayward-
DeMaw contribution in educational
terms. “Their book on solid-state
design is recommended reading for
our junior engineers. And even
though receiver requirements for
commercial/military applications,
our major business, are altogether
different from those of the radio
amateur, we have on occasion picked
up some ideas from their collabora-
tion,” he says.

Pioneering. Few will deny that
many of the first circuits embodying
the design philosophies required to
achieve superior performance first
reached the general engineering
community through the pages of a
journal for amateurs, the league’s

Device

MIXERS: INHERENT TRADEOFFS
Advantages or Disadvantages or

apparent advantages

QST. And many of these papers were
written by the two men, who were
not professionally engaged in the
business of designing communica-
tions receivers.

Unquestionably, their *‘Solid
State Design for the Radio Ama-
teur” must be considered a landmark
text for those interested in actually
building high-performance equip-
ment. In addition to discussing
receiver-design basics and advanced
receiver concepts and other contem-
porary transmitter topics, carefully
and at a level that all can under-
stand, it contains practical informa-
tion that will not be found in any
other of the standard sources avail-
able to the professional or nonprofes-
sional.

Strong relationship. Dynamic
range and its relation to receiver

apparent drawbacks

Bipolar transistor
high gain

o low noise figure that provides

o easily overloaded

o intermodulation distortion
(IMD) performance poor

JFET
conversion gain

® low noise figure that provides

e good IMD, blocking, cross=
modulation performance

® not easily overloaded

# high local oscillator power
required

® operates as square-law
detector for large-input
a-m signals

Dual-gate MOS FET
performance

e good IMD, blocking, crossmod

o provides conversion gain

® not easily overloaded

o higher noise figure

® operates as square-law
detector for large input
a-m signals

Diode

1stics

o low noise figure that provides
excellent dynamic range

o excellent overload character-

¢ high local oscillator drive
required

o needs proper termination
to source-load

e conversion loss
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noise figure, minimum discernible
signal level, input and output inter-
cept, gain compression, and so on in
a superheterodyne receiver (and
other types as well) have become
important over the years because of
the signal levels encountered in cer-
tain portions of the spectrum. Dis-
tortion created anywhere in the
receiver can lead to blocking, inter-
modulation products, and cross mod-
ulation. But more often than not,
overload created at the front end, or
input stage, of the receiver creates
those conditions.

Thus, much of the work to lin-
earize the receiver’s response over
the years has been concentrated at
its front end. With the introduction
of low-noise devices such as junction
field-effect transistors, used in sin-
gle-ended mixers around 1970, the
need for an rf input amplifier in a
solid-state receiver virtually disap-
peared, and one of the major causes
of overload, or saturation, in the
receiver’s i-f stages became less of a
concern. The best JFET mixers still
continue to provide a superior noise
figure (4 decibels) and output inter-
cept (25 dB or more).

The introduction of the dual-gate
MOS FET soon after with its defini-
tive square-law characteristic per-
mitted construction of single-ended
mixers with excellent immunity to
blocking and intermodulation. With
adequate rf filtering at the input and
development of local oscillators of
high spectral purity, it was possible

Hamming it up. Wesley Hayward, a Tek-
tronix engineer, helped influence design.
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to achieve a noise figure of 8 to 10
dB, a two-tone dynamic range of 85
to 90 dB, and a noise floor of —120
dB at communication-channel band-
widths of 500 hertz with third-order
output intercept points (intermodu-
lation distortion—or IMD—indica-
tion) approaching 12 to 15 dB. Sin-
gled-ended diode mixers performed
similarly except for a bit lower noise
floor.

Recent arrivals. Double-balanced
FET mixers for suppressing the local
and signal frequencies from the out-
put, and thereby providing improved
IMD and cross-modulation perform-
ance, came into vogue during the
mid 1970s, with quiet diode-ring
mixers arriving later on. Diode rings
proved, to be among the best types of
mixer available. Despite their con-
version loss of 5 or 6 dB or so, some
provided dynamic ranges ap-
proaching 100 dB, good output inter-
cepts (up to 23 dBm), and wideband
performance, although they were
prone to odd-order harmonic mixing
and, in addition, required the proper
termination.

Now, designers are beginning to
eye the power FET as a high-level
mixer, but the minimum supply
requirements of these low-noise de-
vices, 24 to 28 volts, is at present a
stumbling block, for devices having
these specified supply values are not
convenient for the standard 12-v
mobile circuitry now in wide use. A
low-voltage FET will be developed
soon, however.

Along with the upsurge of interest
in optimizing the ability of receivers
to handle large signals has been
some reexamination of the tried-and-
true double-conversion superhetero-
dyne method.

Best route. “In 1970, I believed
that use of the single-conversion
method in hf receivers was the best
one to follow, considering the tech-
nology then available, for optimizing
the parameters under consider-
ation—cost, simplicity, image rejec-
tion, blocking, IMD, generation of
birdies, etc.,” says DeMaw, who
started his work to demonstrate
“that | could build a better receiver
than | could buy.” “Despite all that
has happened since then, I’'m still not
convinced that any other scheme
offers the overall excellence of the
single-conversion method, especially

I

Long range. Doug DeMaw of the ARRL col-
laborated across country with Hayward.

with regard to achieving good
dynamic range easily, even for some
vhf receivers.”

If anything, improvements in the
technology that have made possible
low-cost, low-noise, high-frequency
transistor and MOS FET amplifiers
and selective high-frequency filters
may indeed lead some to doubt the
rationale for pursuing the superhet
principle (which was developed to
translate high-frequency signals to
some lower frequency so they could
be amplified by conventional vacu-
um tubes and achieve selectivity at
the same time). In fact, high-quality,
low-cost receivers of the homodyne
or direct-conversion type (that is,
translating the signal frequency
down to baseband) have been resur-
rected and virtually perfected over
the past decade. But these simple
units are beset by inherent problems
of their own, too. Examples are oscil-
lator radiation and the inability to
null the audio image, thereby
decreasing the signal-to-noise ratio
because of an unavoidable doubling
of the receiver’s bandwidth.

High i-f. Conversely, the technolo-
gy that has made the dc receiver
possible is also making plausible a
superheterodyne receiver having ex-
tremely high intermediate frequen-
cy. High-frequency i-f filters having
sharp cutoff and excellent stability
now make possible so-called up-con-
verters. These are increasingly being
used to translate the incoming radio
signals to an intermediate frequency
ranging anywhere from 30 to over
100 MHz in order to achieve values
of image rejection previously unat-
tainable.
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why I put a tough guarantee on
every instrument.

Good service and dependable delivery
arc important to me, because they are
important to you. That’s why I've puta
tough guarantee on every instrument.
Either we live up to our guarantee or
you get 25% of your first month’s rental
fec back for that unit.

Here’s what I promise:

1. The instrument will arrive on the
day we say 1t will.

2. le will work properly, be calibrated
and have everything you nced
right down to the operator’s manual.

Choose from the industry’s largest
pool of general purpose test
instruments.

USIR stocks more than a thousand
models of instruments from more than

onc hundred leading manufacturers. We |

add more everv dav as new instruments
arc introduced. No one clse offers you
this much to choosc from.

See what a difference caring makes.

| Systems and computers don’t solve your

test and measurement problems. People
do. At USIR we have people who are
willing to try just a lictle harder to get
you the instrument you need, when you
need it. In short, we care.

Call or write for a complete 92-page,

| illustrated catalog today.

2121 S. El CaminoReal,
San Mateo, California,

94403, (415) 574-6006 %

| United States /

Instrument Rentals, Inc.

b

| AU.S. Leasing Company

Circle 95 on reader service card

“GET THE TEST INSTRUMENTS YOU WANT.
ON TIME. OR GET MONEY BACK.”

. us
ass

akas eEe B
28

]




Probing the news

Computers

Technology can’t outrun inflation

Computer makers find that soaring cost of materials, labor,
and money is forcing them to raise equipment prices

by Anthony Dyrniak, Computers & Peripherals Editor

Although they continue to use new
technology to shrink the physical
size of their products, computer
manufacturers are finding it increas-
ingly difficult to shrink the price
tags. The resulting price increases
that have swept the industry in the
first quarter of this year may be just
the first signs that the industry is not
as recession-proof as it had always
believed itself to be.

The round of price increases
started in earnest after 1BM Corp.
raised its rental and lease prices at
the end of December by an average
of 7% and its purchase prices some
5% on a broad range of products.
During January and February, a
number of other mainframe and
peripheral vendors, including Hon-
eywell Information Systems, Am-
dahl, Memorex, Storage Technolo-
gy, and Sperry Univac, followed suit

7]
2
=]
-
=
@
"
2
w
w
=
=
w
>
W
o«
w2
wv
=]
©
©

with price increases ranging from
5% to 15%.

March saw the minicomputer
companies and other firms join the
trend as Digital Equipment, Data
General, Datapoint, and Raytheon
Data Systems, among others, raised
their prices.

Opening the gates. Obviously, the
IBM raise gave the industry “a psy-
chological encouragement to raise
prices,” notes industry analyst Gi-
deon Gartner, president of the
Gartner Group, Greenwich, Conn.
But companies point to significant
increases in their operating costs
that they say would have forced
them to increase prices despite IBM’s
actions.

“Under stable conditions, technol-
ogy improvements rarely result in
price increases, and users have been
realizing improved price-perform-

GROSS PROFIT
MARGIN

OPERATING
COSTS

The squeeze is on. Typical of the computer industry, IBM is finding its gross profit margins
being squeezed as costs increase as a percentage of the company’s revenues.
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ance ratios,” says Richard V. Paler-
mo, executive vice president of oper-
ations at Datapoint Inc., San Anto-
nio, Texas, which aims its small sys-
tems at the office-of-the-future mar-
ket. “But with the underlying mate-
rials, labor, and money costs rising
faster than the technology offsets,
we must eventually make some
adjustment in prices to users,” he
says.

Dan Crawford, director of engi-
neering at Raytheon Data Systems
Co., Norwood, Mass., specifically
notes that “for the first time the
small integrated circuits cost more
than they did last year.” Costs of
some leading-edge devices, especially
memory chips, did come down, but
“in aggregate, the price-performance
ratio hasn’t dropped as fast,” he
says. In addition to semiconductors,
Crawford points to increases in the
costs of petroleum-based plastics
widely used in system cabinetry and
skyrocketing prices for precious met-
als. Prices have been describing a
steady upward line, even for less-
precious copper.

In agreement. William G. Moore,
corporate vice president and general
manager of computer operations for
Perkin-Elmer Corp.’s Data Systems
group, Oceanport, N. J., agrees that
“the decline in component prices has
stopped, at least temporarily.” He
notes that, despite previously negoti-
ated contracts, “in some cases the
vendor said they couldn’t deliver at
that price and we had to renogo-
tiate.”

Jeffrey Kalb, engineering vice
president at Data General, West-
boro, Mass., feels that devices whose
prices are yield-dependent, such as
memories, still have enough steam to
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Beckman’s new digital multimeter
is ready to handle any job you are.

Continuity checks. High current Beckman digital multimeter.

measurements. In-circuit resistance There are three models to choose
measurements and semiconductor from with a price tag as low as $140.
tests. Whatever the job, if a multi- All three feature Insta-Ohms
meter is called for, call for a new quick continuity indicator, (exclusive

to Beckman digital meters), 10-
amp current ranges, in-circuit
measurement capability in all
six ohm ranges, a dedicated
diode test function, and up to
two years normal operation
from a common 9V battery.

The Model 3020 has seven
functions, 29 ranges, and 0.1%
Vdc accuracy for just $170.

For just $140, there’s the
Model 3010 which has all the
features of the 3020, but with
Vdc accuracy of 0.25%.

Or, for measuring noisy,

non-sinusoidal signals, there’s

the Model RMS 3030. It features true
RMS (ac and dc) voltage and current
measurement capability with 0.1% Vdc
accuracy for only $200.

And every Beckman meter uses
band-gap reference elements, thin-
film resistor networks, gold switch
contacts and custom designed CMOS
LSI chips to assure long-term accuracy
and reliability.

So, for ease of operation and
reliability from your digital multimeter,
choose Beckman, For information
on the complete line and accessories,
write or call your local distributor or
the Advanced Electro-Products
Division, Beckman Instruments, Inc.,
2500 Harbor Boulevard,

Fullerton, CA 92634,
(714) 871-4848, ext. 3651.
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Probing the news

catch up with inflation. The bigger
problem, as he sees it, “is to amor-
tize the development costs of LSI
devices.” If the whole system is on a
limited number of chips, or even a
single chip, “you have to sell a whole
lot to recoup your development
costs.”

Russell E. Planitzer, vice presi-
dent of market development at
Prime Computer Inc., Wellesley
Hills, Mass., is confident the tech-
nology is not losing its capability to
bring prices down—the problem is
that the price tag on everything else
is increasing so fast.

“You look at the profit-and-loss
statement of any vendor and you'll
see that the biggest component is
people costs.” The current shortage
of engineers and programmers is not
helping matters either, because it is
pushing salaries of those on the mar-
ket upward, he adds.

Furthermore, the cost of money,
with the prime lending rate bouncing
around near a staggering 19%, is
constricting many of the firms, espe-
cially since most of the smaller com-
panies must pay more than the
prime rate that banks charge their
best customers.

Profit margins cut. What’s more,
the price increases are not covering
all the added costs, so that the bot-
tom line will be affected. As William
T. Altman, marketing vice president
at Raytheon, notes, “We didn’t pass
through the whole cost increase.” As
a result, profit margins will be
squeezed.

Perhaps the severity of the prob-
lem is best illustrated by the prob-
lems being experienced by industry-
giant 1BM (see chart). For 1979, rev-
enues grew only 8.5% to $22.86 bil-
lion, whereas its operating costs grew
13.2% to $17.76 billion, resulting in
a 5.2% decline in operating income
to $5.1 billion. Last month, the com-
pany reported that for the first quar-
ter of this year the trend has contin-
ued, with revenues of $5.75 billion
again an 8.5% increase compared
with the same quarter last year. At
the same time, its costs increased to
$4.65 billion, or 11.8% more than
last year. As a result, IBM’s operat-
ing income was $1.1 billion, a

decline of 3.3% from the same period
last year.

Similarly, Honeywell chairman
Ed Spencer last month blamed its
22% decline in first quarter earnings
on “lower profit margins caused by
inflationary cost pressures.” NCR
Corp.’s first quarter income was also
down 15%, even though revenues
increased 11%.

Cracks in the shield. In addition to
being susceptible to inflationary
pressure, there is that naggingly
recurrent suspicion that the industry
may be less immune to a recession
than it once thought. With the cost
of money increasing so dramatically,
some customers will postpone orders,
and others will choose to lease rather
than finance a capital investment.

IBM chairman Frank Cary com-
ments that the corporation’s results
reflect the fact that “purchases of
data-processing equipment increased
at a much lower rate than total gross
income.” Perkin-Elmer’s Moore also
notes that ‘“‘our commercial OEM
customers are having trouble financ-
ing inventory and selling systems at
levels they were a year ago.”

Data General’s president, Edson
D. de Castro, commenting on the
seeming immunity to recession of the
computer industry, says that he feels
it is not so much recession-proof as
recession-resistant. “There will be
some impact on our industry,” he
says, “but the general advantage of
computers is increased productivity.
In times of inflation, people are
motivated to improve their produc-
tivity, so they will try to do that by
buying computers.”

In any event, the industry may
have to change the way it does busi-
ness. “The bigger profit margins are
on software,”” Moore says, and there-
fore “a lot of OEMs are going to
piggyback software value-added
onto systems.” The upshot is that as
a hardware supplier, he says, Perkin-
Elmer is also making more software
available.

Finally, Moore points out, “the
only way to get to the bottom line is
to get the tax rate down.” Conse-
quently, his company is looking at
overseas manufacturing because of
the reduction in taxes and duties
such a move would mean to the com-
pany’s foreign shipments—now half
of its revenues. 0
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For one reason or another, your power
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Electronics abroad

Taiwan pushes high technology

Efforts in computers and semiconductors, including C-MOS deal
with RCA, are calculated to keep GNP growing apace

No longer content with electronics
industries best known for cheap tele-
visions and semiconductor assembly
work, Taiwan is moving deliberately
but boldly to develop its own inte-
grated-circuit and computer technol-
ogies. The effort is part of an emerg-
ing grand strategy to shift the
nation’s robust labor-intensive econ-
omy toward high-technology, “val-
ue-added” products that will keep
the gross national product growing
at its current 8% annual clip.
“Having had a solid foundation,
the electronics industries, ranging
from computer to Tvs, will be more
and more important in our present
development program,” says K.S.
Chang, Minister of Economic Af-
fairs for the Republic of China.
Research leader. Leading the way
is the Electronics Research and Ser-
vice Organization (ERSO), estab-
lished in 1974 as one of four divi-
sions of Taiwan’s Industrial Tech-

by Robert Neff, McGraw-Hill World News

nology Research Institute (ITRI).
Government-established but autono-
mous, the institute’s mission is to
providé research and technical ser-
vices that will speed technological
development by industry.

ERSO’s current annual revenues
total about $16.7 million, of which
about 42% comes from government
contracts. Besides government-man-
dated quality control of Taiwan’s
electronic products, ERSO is making
computer-based industrial control-
lers for local industry, is developing
the nation’s first Chinese-language

computers, and is the only local
designer and supplier of ICs.

But more than providing sophisti-
cated products, ERSO wants to spin
off its technology to private enter-
prise. Already, several staff mem-
bers have left ERSO to launch their
own semiconductor company,
United Microelectronic Corp., which
will be Taiwan’s first.

Transfer. The most substantial
progress has been with 1Cs. In
March 1978, less than two years
after signing a three-year technolo-
gy-transfer agreement with RCA
Corp., ERSO started producing its
own complementary-MOS circuits.
Now it is turning out 1 million chips
a month at its 72,000-square-foot
plant and headquarters in Hsinchu,
southwest of Taipei. Most of the
chips are sold to watchmakers,
though ERSO’s catalog lists 55 differ-
ent digital ICs for applications rang-
ing from remote controllers to stan-
dard logic.

With nine in-house circuit design-
ers, less than 5% of ERSO’s ICs are
custom. But director D. H. Hu
wants to boost that share and lists
Timex Corp. as one of his most
recent clients. He says ERSO’s annu-
al IC sales amount to about $8.3
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million, going to 30 to 40 local man-
ufacturers at a little higher than pre-
vailing world prices.

ERSO is developing computerized
industrial controllers to help the
local electronics and other industries
improve their productivity. It has
already sold six microcomputer-
based sequential process controllers
and plans to expand its controller
line into a family of products.

More ambitious is its effort to
develop a computer with Chinese-
character input/output employing a
completely different technique from
Japan’s kanji processors, which use
one pattern per character. Faced
with 48,000 characters versus Ja-
pan’s 5,000 or so, Hu’s staff came up
with about 500 radicals—or charac-
ter clements—from which all char-
acters can be formed. Those radicals
are stored in read-only memory and
formed into characters by a micro-
processor. The major obstacle now is
building a character generator. ERSO
has already developed a Chinese-
language 170 terminal, but Hu fig-
ures a commercial minicomputer is
about two years away. It will start
transferring its technology to local
makers before then.

Others. However, ERSO is not the
only source of electronics research
and development in Taiwan. Such
relative giants as Tatung Co.—best
known for its electrical appliances —
are busy working on their own com-
puter and IC technologies.

“We're making and testing proto-
types of all kinds of computers,
peripherals, and word processors,”
says Tatung’s chairman, T.S. Lin.
His laboratories also are making
*simple™ ICs, he says, but producing
them on an industrial scale will take
more time.

Tatung already is building its own
minicomputers for in-house use. Lin
admits that the effort has been aided
by Tatung’s marketing agreement
with Japan’s Fujitsu Ltd. to sell
Facom computers. He adds that he
can start selling Chinese- and En-
glish-language minis soon and that
Tatung will probably be the first
Taiwanese firm to do so. With rela-
tions with the People’s Republic of
China improving slowly but steadily,
Taiwan’s computer makers might
one day find themselves with a leg
up on other vendors there.
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Distribution

Precious-metal adders irk distributors

Cost and volume of paperwork to handle surcharge mount
as customers grow angry and adamant suppliers squeeze them

Distributors, those key middlemen
who handle nearly 30% of the com-
ponents business in this country, are
caught in a crossfire over precious-
metal surcharges, called adders. Be-
tween bullying from suppliers that
are imposing adders and abuse from
obdurate customers that dislike the
surcharges, the distributors’ lot has
become an increasingly unhappy
one. What’s more, an avalanche of
paperwork is burying them, causing
mounting errors and threatening to
crush record-keeping systems.

“It’s a pain in the neck, a custom-
er nightmare for us administrative-
ly,” moans Donald Sweet, assistant
to the president at Hamilton/Avnet
Electronics. The opinion was echoed
throughout the distribution industry.
With its $512 million 1979 sales,
Hamilton/Avnet, Culver City,
Calif., has the problems of dealing

with adders on a broad spectrum of
parts. The 45 or so people it has
assigned to handle adder red tape is
representative of the personnel in-
creases required in the industry:
roughly one person for each $10 mil-
lion to $11 million in sales.

In such a fluid situation, with
raised voices common, one fact
stands out: distributors, usually slow
to criticize, believe they have been
done in. “There aren’t going to be
any windfall profits due to precious
metals,” predicts Joel H. Girsky,
secretary-treasurer of Jaco Electron-
ics Inc., Hauppage, N. Y. “In fact, 1
hope we won’t have lost money when
it’s all over.” In El Segundo, Calif.,
Sidney L. Spiegel, president of the
Wyle Distribution Group, concurs.
“The issue is not making more mon-
ey, but avoiding losing money on the
gold adder. When all of this is done,

Recession warning light is bright

If potential damage by adders on profits isn't enough worry, a basic indicator
of the distributor business also is blinking a warning signal. Incoming orders
are tapering off noticeably, according to a sampling of executives. Concern
is understandable, since this sign often occurs in early stages of a recession,
and the Government says that one has started.

Says Wyle Distribution Group president Sydney L. Spiegel: ‘‘Changes of
some kind started in March. | suspect a recession.” Clouding an immediate
judgment, however, is the behavior of order and backlog figures during a
transition period. “‘They jump around so much they cannot be read clearly,’”
he adds. But in the 1974-75 bloodbath, he notes, distributors felt recession’s
cutting edge six months before manufacturers because of the shorter-term
nature of their sales agreements. Adds Donald Cassidy, president of Cetec
Corp.’s Moltronics division, South Gate, Calif., *“We're looking for a 20% to
25% reduction for the second quarter, because that's what suppliers see.”
Early resuits bear him out, with book-to-shipment ratios falling.

At Hamilton/ Avnet, where optimism is the rule, William C. Cacciatore, vice
president for worldwide operations, says incoming orders have dipped slight-
ly, “‘but nothing dramatic.”” Although bullish for the year, he does not expect
1979's 30% growth rate to continue— “That's insanity.”” For adders alone,
Cacciatore acknowledges a ballooning of expenses in their wake.
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by Larry Waller, Los Angeles bureau manager

it will cost us.” In Wyle’s case,
where an on-line computerized in-
ventory and billing system keeps
track of daily operations, exact
results are not yet clear, because of
delays and bottlenecks in processing
invoices and payments.

Nearly to a man, top distribution
officials throughout the country
agree where the trouble started (oth-
er than metal price jumps them-
selves). “The decision to go with
adders was done in an ivory tower,”
charges Seymour Schweber, presi-
dent of Schweber Electronics, West-
bury, N. Y. Instead of conferring in
advance with distributors, most sup-
pliers put together adders without
considering the difficulties, say the
critics. “The vendor told us, ‘The
price is going up and your problem
with your customers is your prob-
lem,” ” says Don Cassidy, president
of the Moltronics division of Cetec
Corp., South Gate, Calif. “We really
should have had a 60-day notice to
get the mechanics in place, but we
got nothing,” adds Spiegel.

Finding themselves flooded with
adder formulas, distributors’ staifs
could not cope with the burden of
calculating, invoicing, and tracking
payment. Even with computers the
changes generate such a mountain of
paperwork that normal routines are
disrupted. “It started like a neces-
sary nuisance and went from that to
a situation that’s bleeding the dis-
tributors,” says Schweber. “It can
bécome a hemorrhage.”

Fear customers. What concerns
most officials, besides the still-
unreckoned costs, is relationships
with key customers. Many are
understanding, since they experience
price escalation, but others are irate,
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especially when they get a much
higher bill, with no warning, due to
mistakes or oversights. ““When they
don’t get the change notice, they
won’t pay,” says H/A’s Sweet.

Byron Kirkwood, president of
Dallas-based KA Electronic Sales,
who is having few such problems
himself, says he hears talk in the
trade, particularly involving military

connectors. “A customer would let
you quote it [the adder], buy it, and
then just not pay.”

At Hall-Mark Electronics Corp.
in Dallas, Joseph Summer, director
of semiconductor business develop-
ment, notes that the customers who
are in the worst position are those
with government contacts. Such con-
tracts were frequently negotiated at
fixed prices a year or more ago and
the contractor has no way of passing
on the surcharge.

We did something
about the price of gold
when it was $35 a troy ounce.

The price of gold was one reason we pioneered
new sealing techniques for hybrid packages. And
that was when gold was a |ot less expensive than it

IS NOW

We developed complete lines of packages
especially plug-ins and DIPs, that can be welded
shut. Welding eliminates the need for gold plating
on the cover. And, in many cases, it also eliminates
the need for gold plating on the package body
itself. We also pioneered selective plating of
packages for manufacturers who attach substrates

with epoxy

You see, we enjoy cutting costs — if it doesn’t
mean sacrificing reliability. That's one reason
we've become known as the innovators in hybrid
packaging. And that's the Isotronics difference

‘The ;
Isotronics
ifference’

A good part of distributors’ anger
at suppliers comes from not seeing
adders coming soon enough. Particu-
larly troubling is their effect on back
orders, where a customer already has
a fixed price. “Customers won't
accept paying more” is the nub of
this problem. The only solution in
many cases is for the distributor
itself to foot the difference, if it
wants to keep the business, say many
officials. The adder works best with
customers when the distributor had
forewarning and data from the ven-
dor to fully explain it, says Moltron-
ics’ Cassidy. “The more authorita-
tive we can be, the better.”

By far the touchiest item deals
with “pass-throughs.” This is a con-
cept, says one distributor, that sup-
pliers are trying to impose on every-
body. It defines the adder as a cost
that the distributor is to pass to the
customer without taking any addi-
tional charges for handling.

“Everybody will have to charge,”
flatly states Cassidy, who admits his
firm already is tacking it on. Kirk-
wood of KA, who passes the sur-
charge along to customers without
charging, goes along with him some-
what. The adders cost 1% to 2% to
process, and “if the product is sold
on credit, there can be an additional
2% to 4%,” he says.

Glimmer of hope. But some rays of
hope are breaking through the
gloom, coming mainly from sup-
pliers moving toward a simple price
change and away from the adder.
Support for simple price changes
rather than adders is a subject dis-
tributors across the board can agree
on. Schweber terms price changes
“better for all concerned” and Nor-
man Hurwitz of Apollo Electronics,
Cambridge, Mass., calls them “best
of all.” The preferred way is for
manufacturers to “‘amortize the met-
al costs into the product, take an
average figure and integrate it as a
flat price increase,” says Hurwitz.
“We've said that from the begin-
ning,” notes Wyle's Spiegel.

But before price changes can be
implemented extensively, metal
prices have to stabilize enough to
establish a benchmark. When will
stabilization occur? Views run the

Isotronics, Inc., Industrial Park, New Bedford, Mass. 02745 S .
(617) 998-2000 » TWX 710 344 1961 * Cable — Isotronics gamut from Schweber’s “‘over soon
to Sweet’s “maybe a year” to Spie-

gel’s “who knows?”

FLATPACKS * PLUG-INS » DUAL IN-LINES » AID'S » STANDARD HEADERS * MICROWAVE MODULES
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Speak SCOUT, speak.

SCOUT" is a smart minicomputer. He
can tell you when one of his
boards is bad. Good SCOUT!

How does SCOUT do this?

SCOUT has ISOLITE!

Do you see the red light? It
means ISOLITE is testing
the board. If the light stays
on, the board is bad. Bad
boards don’t get to play any-
more. They get replaced
with a spare 6.25" x 8.3" card
in about three minutes.

Isn’t ISOLITE neat? It can
' even test your
HP= whole system every time

you turn SCOUT on.
Does SCOUT turn you on?

Think what three-minute maintenance
could do for your bottom line. Think what it
could do for your product line. Everyone will
love your products. You will grow very rich.

You will save up front, too.

SCOUT starts at
less than $1K for
a 16-bit CPU, 1/0,

See thelight.

32K Byte RAM Every bit of the 16-bit performance you need,
and Card Cage. SO, plus inci]redible operating economy. It's_ all
SCOUT a]SO Speaks in our how-to-save-on-maintenance primer,
this coupon and a business card. Or, for imme-
tO galu?{' SCOUT diate information, call 714/833-8830, Ext, 455.
pea )

speak. : Name Title
| Company

Address
(fity State Zip

ComputerAutomation

NAKED MIN!* Division

Where OEM'’S come first.
L 18651 Von Karman, Irvine, CA 92713
. 1 1 § 1 |

- S D . S S S S S S G G S
SCOUT and ISOLITE are registered trademarks of Computer Automation, Inc.

1
|
|
|
|

A Plug for SCOUT. Get your free copy with =
|
|
|
|
|
|
|
|
|
|
|
l

Circle 105 on reader service card






MISER

[TS THE ANSWER
TO THE HIGH COST OF GOLD

Prices being what they are,
people are taking a hard look at
the quantity and quality of gold
in their interconnection systems.

What everybody wants is the
unmatched performance and
reliability of gold, but at a rea-
sonable price. To these people,
Teradyne proudly introduces
MISER.

system price by up to twenty-
five percent or more.

HOW MISER WORKS.

Two ways, depending upon
the type of interconnection
system.

In Teradyne’s card-edge sys-
tems and MINIMAX® header,
you get MISER with the “Tri-

MISER IS AVAILABLE WITH A VARIETY OF CONTACTS.

SELECTIVE
LOW POROSITY GOLD

SELECTIVE
LOW

POROSITY !
GOLD

tuning-fork interconnection sys-
tems and MINIMAX post con-
tacts, LPG passes porosity
tests that other golds fail.

Depending upon your needs,
LPG puts from 20 to 120
microinches of gold at the con-
tact interface. The remainder of
the contact receives a gold flash.

For many systems, LPG-20,
because of its low porosity, is
sufficient. In tough applications
involving severe environments
or numerous mating cycles,
LPG-120 may be necessary.

But whatever the require-
ment, you get only the thickness
you need, and only where you
need it. Thus MISER gives you

[_L;_'.—:
..tj

TRI significant savings without com-

L METAL 1C: VIIES
promising reliability.
MISER MEANS
MISER USES Metal Inlay” A patented process | NMINIMUM SURCHARGE.
GOLD WISELY by which 150 microinches of Because MISER uses gold

MISER is Teradyne’s superior
solution to your gold problems.
MInimum Surface for Excellent
Reliability. The name says it all.

Using two different processes,
Teradyne puts more gold where
you need it, and little or no gold
where you don'’t.

MISER dramatically cuts the
cost of gold, whether you're
using card-edge, tuning-fork, or
post-and-box interconnection
systems. Which can lower your

f ERADYNE

gold over 100 microinches of
nickel over CA725 copper alloy
is embedded exactly at the criti-
cal contact area.

Although significantly less
gold is used overall, you get
much more gold where it
counts. The same is true with
Teradyne’s state-of-the-art
“Low Porosity Gold” selective
plating process.

LOW POROSITY GOLD.

When it comes to selective
plating porosity, there is gold and
then there is Teradyne’s Low
Porosity Gold (LPG). Used in

selectively, it reduces your gold
surcharge to a minimum, mak-
ing it a minor factor in your
financial costs.

If ever there was a MISER
you could learn to love, this has
got to be it. To see just how
much Teradyne’s MISER can
save you, contact Teradyne
Connection Systems, 44 Simon
Street, Nashua, NH 03060.
Tel. (603) 889-5156.
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The best way to catch
a glitch
is to trigger ontt...




with HP’s1615A Logic Analyzer.

Glitches. They're hard to see and difficult to trap. They
can appear almost anywhere. And you can seldom
predict when they’ll cause trouble. But when they do,
HP’s 1615A Logic Analyzer is the way to catch them.
Here’s why:

1) It's the one analyzer that triggers on glitches. It can
actually differentiate between valid signals and
troublesome glitches. Then trigger on a glitch so
you can see where it is and what your system was
doing when it occurred.

2) With the 1615A’s simultaneous state and timing
capability plus interactive triggers, you can capture
both state flow and timing relationships. That
means you can trigger on a glitch and view program
execution. Or, you can trigger on the glitch and
view control lines to see what may have toggled
simultaneously. Either way, it's a powerful
technique to relate a glitch to system operation.

Simultaneous synchronous/asynchronous
analysis

Since today’s systems utilize both synchronous and
asynchronous activity, your analyzer should be able to
analyze both simultaneously. And HP’s 1615A does just
that. For example, you can analyze;

Memory transactions related to handshake signals

(

DMA and control-line relationships
Control sequence for I/O port data
Activity on the input and output of I/O ports

And, of course, the 1615A, with 24 channels, lets you
analyze relationships between activity on synchronous
buses such as combinations of address. data and I/O.

Glitches aren’t the only faults

Since there are other failure modes, you want more

than glitch triggering and simultaneous synchronous/
asynchronous analysis in a logic analyzer. And HP’s
1615A gives you a lot more. Such as pattern triggering for
isolating program or data related faults; occurrence
triggering for debugging complex loop problems; menu
formats for easy set-up and analysis; and more.

For more information
There's much more to the 1615A ($6800*) and it uses in
system design and troubleshooting. For complete details
and a copy of an application note on glitch detection,
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) 955-1300,
Canada (416) 678-9430.

“DomesticUS A price only
060

HEWLETT
PACKARD
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THE 12-BITADC

OUR AD574
IS THE OVERALL
PERFORMANCE WINNE

The new AD574 is the lowest cost, most
integrated, easiest-to-use, fullest function
fast 12-bit successive approximation
analog-to-digital converter you can buy.

It makes ingenious use of linear com-
patible 2L to pack all analog and digital
functions on just two chips in a standard,
hermetically-sealed 28-pin DIP. The integra-
tion of all the stages, between sensor and
processor, in a single IC package means you
don’t have to deal with error budgets of
the many individual circuit components to
achieve a circuit with 0.01% linearity (over
temp.) and 25 us conversion time.

What's more you don’t need any
external trimmers to achieve full scale cali-
bration accuracy of 0.05%. All you do is con-
nect the analog input and start performing
CONVersions.

COMPLETE INTERFACE
FROM SENSOR TO
PROCESSOR.

M I’L successive approximation
register

B High speed 12-bit DAC

@ Internal buried zener reference

B Internal clock

B Full bus interface

B Precision comparator

== ADOTA'%

NIB

NIB
A

NIB
B

Cc

RIC CE CS A,

ADDRESS BUS




ANALOG TO uP
THE DIRECT
CONNECTION.

The AD574 is a cinch to interface directly
to most popular microprocessors with an
8-bit bus like the Motorola 6800, Intel 8080
or Mostek 3870 (F-8), or a16-bit bus like
the Intel 8086, T.I. 9900 or Motorola 68000,
without any external buffers or peripheral
interface controllers. Multi-mode 3-state
output buffers connect directly to the
data bus while the read and convert
commands are taken from the control
bus. Which means the AD574 doesn’t

tie the CPU up with conversion routines
and that the AD574 can also do very well
on its own as a stand-alone converter.
What could be simpler? And still only cost
$29.50 in 1000s. Available now from stock.

HALF THE STORY IS
THE WORLD'S FIRST

\SIQIIFT%(E):ISI&} IZ-E?IT Dl%ENC
- EFERENC]
The AD565 chip is the biggest
single reason for the high
performance of the AD574.
By itself, the AD565 is the
world’s first monolithic
12-bit digital-to-analog
converter to offer on-
board low T.C. voltage
reference. This makes it
the best 12-bit IC DAC
you can buy. There are
none faster and no
NV 4 more accurate — it
57" ) typically takes 200 ns
to settle to within 0.01%
accuracy. The ADS65 .1 50
boasts low power (just
200 mwW) and low price (just
$14 in1000s).

Which proves once again
why Analog Devices is way out
in front in converter technol-
ogy. For more information
and application details, call
Doug Grant or Don Travers

at (617) 935-5565. Or write
Analog Devices, Inc.,
PO. Box 280, Norwood,
MA 02062.

LY]

ANALOG
DEVICES

WAYOUT IN FRONT.

Analog Devices, Inc., Box 280, Norwood, MA 02062; East Coast: (617) 329-4700; Midwest: (312) 834-3300; West Coast: (714) 842-1717; Texas: (214)231-5094; 8elgium: 031/37 48 03; Denmark:
(02) 8458 00: England: 0179410 46 6; France: 687-3411; Germany: 089/53 03 19; Japan: 03/26 36 82 6, Netherlands: 076/879 251; Switzerland: 022/315760; and representatives around the world.
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We ship your shapein 3 days.
The shapes we ship in 3 days come in sky blue with deep charcoal trim in addition to the

popular beige with bronze color combination. And our Instant Optima in-stock program
ships from key locations across the country. All these colors and shapes are beautifully

GIEEE RS We make you look better faster

OPTIMA

Scientific -Atlanta

2166 Mountain Industrial Blvd., Tucker, GA 30084, Tel: (404) 939-6340, 10039 Pioneer Bivd.,
Santa Fe Springs, CA 90670, Tel: (213) 949-9571, 2100 Route 208, Fairlawn, N.J. 07410, Tel: (201) 791-6455.

A ) See us at Electro '80
Circle 112 on reader service card Booths 1133-1137

BUILD YOUR COMPUTER BREADBOARDS

& INTERFACES FASTER AND EASIER
WITH NEW VECTOR PLUGBORDS

EASY TO USE! COST EFFECTIVE! CLEAN HOLES!

-

4610 Series - For STD-
BUS-WW, solderable and
unpatterned models

4608 Series - For Intel/
National SBC/BLC 80-WwW/
solderable, or unpatterned

8804 Series - For S100 -
5 models available

4607 - For DEC LSt 11/
PDP8-11, Heath H-11

4609 - For Apple I,
SuperKim, Pet Commo-
dore with Expandamem

by ® g ;

4350 - For Tl 980 Com-
puter

Vleclot Etectionic Company oo

12460 Gladstone Ave., Sylmar, CA 91342 (213) 365-9661 TWX (910) 496-1539
Available through Distributors or Factory Direct if not available locally. 74801
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OUR WIDE CHOICE OF
NEW DISCS WILL PUT

OEMS IN FAT CITY.

e Data General announces a
choice of new winchester discs
in either 12.5 or 25 megabyte
capacities (plus optional 1.26
megabyte diskette for backup
and file exchange). This means
our OEMs can now offer the
widest range of compatible,
low-cost disc-based systems
available anywhere.

Dozens of new NOVA®
ECLIPSE® and microNOVA™
configurations will help you
fatten up sales with lower costs,
higher reliability and easier
maintenance.

Best of allthe prices are lower
than ever before. That means a
change in yoursales picture and
change in your pocket. Let Data
General fatten up your sales.
Call, or write, or send in the
coupon.

Data General Corporation, Westboro, MA (01580,
617) 366-8911. ECLIPSt and NOV A
are registered trademarks and
microNQOVA is a trademark
of Data General.
Data General
Corporation, 1980

VISIT US AT BOOTH #1339

AT NCC, ANAHEIM, CA., 6 7

MAY 19-22, 1980, /,
&2z
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Technical articles

Making mainframe mathematics

by John Palmer, Rafi Nave, Charles Wymore, Robert
Koehler, and Charles McMinn, intel Corp., Santa Clara, Calif.

O Ongoing advances in very large-scale integrated-
circuit processing now permit a complete floating-point
mathematics subsystem on a single silicon substrate. The
8087 numeric data processor is designed to function as a
tightly coupled coprocessor to a general-purpose 8086 or
8088 microprocessor. Its specialized architecture is
derived from experience gained in fitting much larger
machines with similar mathematical capabilities.

As with mainframe computers, dedicated data types,
instructions, and registers are fully integrated to enhance
the performance of the hardware and untangle the
design of software. The evolution of numeric-processing
support for mainframes and minicomputers is spotted
with gradual and often haphazard extensions imposed
upon otherwise general-purpose hardware; the 8087, in
contrast, represents one of the few attempts to rigorously
analyze in advance the hardware and software needs for
numeric processing.

This planning was expedited by the work of the Insti-
tute of Electrical and Electronics Engineers, which has
proposed a standard for floating-point arithmetic [Elec-
tronics, May 24, 1979, p. 98]. Therefore, unlike most
prior implementations, the 8087 conforms to a detailed
specification for numeric operations (see ‘“The 8087's
roots,” p. 117),

The 8087 typically offers a hundredfold improvement
in throughput over calculations done entirely in software
subroutines executed by the 8086 or 8088. The new chip
also offers enhanced precision through a 64-bit internal
data path, an 80-bit register stack, and a 68-bit arithme-
tic and logic unit.

In many ways, though, raw speed and more bits are
easily arrived at—scaling down devices can account for
both, in fact. Even the 8087’s single instruction for
calculating trigonometric functions and logarithms, rais-
ing numbers to powers (exponentiation), and finding
square roots do not warrant the careful attention that
must be given, especially with number crunching, to
possibly undesirable exceptions that are bound to crop
up in the course of the computations. Here the 8087
really shines, with its high degree of immunity against
overflow, underflow, and errors due to the rounding of
intermediate results. This degree of immunity makes the
8087 applicable in the most demanding kinds of applica-
tion—for instance, accounting, which requires exact

114

2n
o9 (af" o5 7
ol
C
L "'&

Electronics /May 8, 1980



accessible to microcomputers
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results with no rounding over a wide range (as large as
18 decimal digits).

The 8087 is the result of high-performance silicon-
gate MOS technology (HMOS), which packs the die with
scaled-down 4-micrometer transistors. On-chip substrate
biasing yields faster and more reliable operation. With
HMOS, the entire mathematics processor is about
109,000 square mils, containing the equivalent of over
65,000 devices (Fig. 1). This includes the internal regis-
ter stack, comprising more than 700 bits of random-
access memory, and a microprogram section that con-
tains over 30,000 bits of microcode. The 8087 operates
from a single 5-volt supply and is housed in a standard
40-pin ceramic package.

The coprocessor concept

As noted, the 8087 is specifically designed to operate
as a coprocessor with the 16-bit 8086 (or 8088) micro-
processor. A coprocessor extends the capabilities of the
central processing unit to which it is attached; specifical-
ly, coprocessing is a special case of multiprocessing, one
in which both processors execute from a single instruc-
tion stream. Figure 2 shows a typical configuration.

In the 8087-8086 combination, both processors oper-
ate in unison. They monitor the same instruction stream
and execute selected instructions from it. For example,
while the 8086 deals with memory segmentation, calcu-
lating the addresses of operands in memory, the 8087
can go off and perform complex arithmetic and logic
operations that would otherwise have to be computed by
the 8086 with software subroutines.

The 8087 can weed out its own instructions as they
appear on the local bus that it shares with the 8086.
When one of a particular set of escape instructions
appears, the 8087 automatically recognizes it as its own.
The 8086 calculates the memory address for the initial
operand, if any, and puts that on the bus. The 8087
latches this address, reads the operand, and begins to
execute the required numerical operation, leaving the
microprocessor free to process nonnumeric commands.
The 8087 takes control of the bus only when necessary,
to load and store operands.

The 8087 and microprocessor communicate over the
control lines shown in Fig. 2. The request/grant line is
used by the 8087 to obtain control of the local bus for
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1. Made for math. High-performance MOS
technology puts the 8087’s 65,000 devices
on a single chip measuring 330 mils on a
side. The device's register stack comprises
the equivalent of 40 16-bit registers, and a
microcode section stores over 30,000 bits.

data transfers. The queue-status lines synchronize the
fetching and decoding of instructions by the two devices.
The 8087’s busy signal informs the 8086 or 8088 that it
is executing an instruction, and the latter’s wait instruc-
tion tests this signal to find out when the 8087 is ready to
execute subsequent instructions. Finally, the 8087 can
interrupt the 8086 or 8088 if it detects an unmasked
exception. Typically, the interrupt request is routed via
an 8259A programmable interrupt controller.

This type of coprocessing increases system throughput
because no overhead is incurred in setting up the 8087
for a computation and because the 8086 does not have to
wait for results from the 8087. Indeed, the 8087 can be
viewed as an architectural extension of an 8086 or
8088 —it in effect extends the register resources and
instruction set of the CPU. Figure 3 shows the register

pool of the 8086-8087 combination.

Programming the 8086-8087 combination is identical
to programming a lone 8086. From the programmer’s
standpoint, the 8087 simply provides 68 new instructions
and data types (seven in all) on top of those provided by
the 8086.

Coprocessor programming

Table 1 lists the various instruction classes the 8087
can execute. Each instruction has one or two operands
that are loaded onto the top of the stack from an inner
stack element or directly from the local bus lines if the
operand is in memory. To bolster performance and sim-
plify software, the common, or core, instructions (add,
subtract, multiply, divide, and compare) can directly
manipulate both memory- and register-based operands.

8086 OR 8088
MICROPROCESSOR

r—4 CLOCK

REQUEST/
GRANT

>

QUEUE
STATUS

TEST

]
e

B ‘

REQUEST/ QUEUE
GRANT  STATUS

8usY

] CLOCK

087
NUMER!C DATA
PROCESSOR

LOCAL BUS

PROGRAM
MEMORY

DATA
MEMORY

MICROCOMPUTER SYSTEM BUS

8US
INTERFACE

PERIPHERAL

INPUT/
OUTPUT

2. Coprocessing. The 8087 works with an 8086 or 8088 microprocessor through a tightly coupled form of multiprocessing called
coprocessing. Both general-purpose and specialized processor eye the same data stream and perform the functions they do best.
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In the mid-1970s, Intel embarked on expanding the com-
putational capabilities of microprocessors from simple
addition and subtraction of integers to an array of widely
useful operations on real numbers. In 1977, the company
adopted a standard for representing real numbers in a
floating-point format. The floating-point arithmetic library
(FPAL), the first product to use this standard format, is a
set of subroutines for the 8080 and 8085 microproces-
sors. These routines perform limited standard functions on
32-bit single-precision real numbers; an FPAL multiplica-
tion takes about 1.5 milliseconds. The next product, the
iISBC 310 high-speed math unit, implements the FPAL in
hardware on a single card and reduces the single-
precision multiplication time to about 100 microseconds.

The 8232 is single-chip arithmetic processor for the
8080/8085 family. The 8232 can operate with 64-bit
double-precision real numbers; 32- and 64-bit multiplica-
tions take about 100 and 875 us, respectively.

In 1979, a working committee of the Institute for Electric
and Electronics Engineers solicited proposals for a stan-
dard for minicomputer and microcomputer floating-point
arithmetic. The standard used by FPAL, the iSBC 310, and
the 8232 was presented to the committee and subse-
quently expanded upon. This standard is designed to

The 8087’s roots

meet, among other things, the requirement that programs
be portable, that is, that algorithms can be run on any
machine complying with the standard and numerically
identical results will be obtained. The standard also sets
forth requirements designed to provide a high degree of
safety and reliability for numeric computation. Standard
data formats are established, and rules for rounding and
precision control are specified. Most important is the
requirement that devices satisfying this standard monitor
their own activity and, in a prescribed manner, notify the
program when numerical results are in error. This process
has become known as exception handling.

The 8087 extends Intel's standard for numerics. it
implements on a single chip the proposed IEEE standard,
including all its options for single- and double-precision
calculations. In addition, the 8087 provides many function-
al extensions to the proposed standard. It is compatible
with previous Intel numeric products, and programs writ-
ten for the 8087 will be transportable to future products
that conform to the proposed standard. As the figure
indicates, the 8087 provides over 10 times the speed of
the 8232 and a hundredfold improvement over the FPAL;
it performs 32- and 64-bit multiplications in about 18 and
27 us, respectively.

Programs are written in ASM-86, an assembly lan-
guage common to the 8086, 8088, and 8087. ASM-86
provides directives for defining all 8087 data types, plus
additional mnemonics for all new 8087 instructions. The
fact that some instructions in a program are executed by
the 8087 and others by the 8086 is usually of no concern
to the programmer.

PL/M-86, Intel’s high-level language for the 8086 and
8088, can be used to program the 8087, too. PL/M-86
provides access to many 8087 facilities—again, without
requiring that the programmer understand the details of
the 8086-8087 combination. All 8086 and 8088 address-
ing modes may be used to access 8087 operands, thereby
enabling convenient processing of numeric arrays and
other structures in memory.

Figure 4 is a block diagram of the 8087. Data arrives
via the local bus lines on the left. Operands for computa-
tions come in on the 16 address and data lines marked
AD¢-AD;s and are held in the operand queue. The
operands are converted into an intermediate format
called temporary real as they are loaded into this register
stack. This format affords more accurate results even
when using double-precision operands.

Register resources

The 8087’s substantial register bank comprises eight
80-bit registers, equivalent to 40 16-bit registers. These
registers may be used as an ordinary push-down stack,
but they can also be addressed explicitly by the program;
that is, references can be made to any of the eight
registers at any time, not simply to the top one or two.
This feature makes programming more flexible because
intermediate results can be tucked away in unused por-
tions of the stack—and retrieved later—without addi-
tional memory references.

Electronics /May 8, 1980

The stack may also be used for passing parameters to
and from subroutines. Various routines can call the same
subroutine without having to observe a convention for
passing numeric parameters held in dedicated registers.
As long as the stack is not full, each routine simply loads
the parameters onto the stack and calls the subroutine.

Associated with the stack is a 3-bit pointer called top,
and with each stack element a 2-bit tag field (Fig. 5).
The stack elements are numbered relative to the pointer;
ST(i) is the i** element from the top of the stack. The tag
field is used to detect uninitialized stack elements and to
designate special values (like zero) for exception-
handling routines written by the programmer and for
internal microcode optimization. The values represented
in this stack are in the temporary-real format. They have
64 bits of fractional precision and a range of over 10450
(15-bit exponent).

The lower block in Fig. 5 consists of a status word, a
control word, a word containing the eight tags for the
stack elements, the instruction address pointer, and the
data address pointer. The status word stores the busy
flag (which drives the busy signal), some condition
codes, the top pointer, and the following exception flags:
invalid operation
denormalized operand
division of nonzero by zero
overflow
underflow
inexact

The 8087 provides ample mechanisms for dealing with
these exceptions that might arise during computation.
The sophisticated programmer can write specific excep-
tion-handling routines and thus control the detailed
behavior of the machine. In this case, the user would
unmask exceptions and perform interrupts to exception-

plelelolvia
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8087
19 0

R1 EXPONENT MANTISSA
/2
A3
R4
/5
A6
R7
/8

FLOATING-POINT EXECUTION UNIT STATUS
FLOATING-POINT EXECUTION UNIT MODE

8086
16 0

AX
BX
cX
DX
Sl SOURCE INDEX
DI OESTINATION INDEX
BP BASE POINTER
SP STACK POINTER
P INSTRUCTION POINTER
PSW FLAGS
cS COOE SEGMENT
DS DATA SEGMENT
ES EXTRA SEGMENT
SS STACK SEGMENT

3. Pooled resources. The 8087 can be viewed as an architectural
extension of an 8086 or 8088. As such, each chip contributes its
registers to a general fund. The 8087 adds eight 80-bit registers plus
status and control words to the already healthy 8086 file.

TABLE 1: PRINCIPAL INSTRUCTIONS OF THE 8087

Class

{nstruction types

Data transfer

load and store (for all data types), exchange, free

Arithmetic add, subtract, multiply, divide, subtract reversed, divide reversed, calculate square root, scale,
increment, decrement, use remainder, round, to integer, change sign, absolute value, extract
mantissa or exponent

Logical compare, examine, test

Transcendental®

calculate tangent, arctangent, 2X — 1, Y - logy X, Y - {logy X + 1)

Constants*

0,1, 7, logyo 2, loge 2, log, 10, log, e

Processor control

load control word, store control word, store status word, load environment, store environment,
save, restore, set interrupt-enable, clear interrupt-enable, clear errors, initialize

* Combining these instructions in very simple routines provides all the common trigonometric, inverse trigonometric,
hyperbolic, inverse hyperbolic, logarithmic, and power functions.

handling routines. Alternatively, the 8087 will automati-
cally handle exceptions on chip, relieving the program-
mer of the need to write and debug such routines. Thus,
general applications programmers benefit from the
8087’s precision and safety, whereas traditional
machines would require familiarity with numerical anal-
ysis techniques and exceptions.
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The control word in Fig. 5 consists of exception masks
and control bits. For the seven exceptions having flags
there is also a mask that, if reset, allows an interrupt to
be generated. But if the mask is set, it suppresses the
interrupt and causes the 8087 to execute an on-chip
exception-handling routine. These default procedures are
designed to handle a vast majority of situations that
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4. Sectioned off. Like the 8086, the 8087 is split into a bus interface unit and an execution unit. Data from a 16-bit local bus is converted into
a temporary real format and processed by a 68-bit arithmetic and logic unit. Results are then converted back into the original data type.

come up. It is recommended that most users mask for all
exceptions except invalid operation.

The control bits in the control word specify the level of
precision as well as the actions to be taken for rounding
and for infinite results. Precision control regulates the
rounding process to one of three ranges: real (24 bits),
long real (53 bits), and temporary real (64 bits). Control
of precision is particularly useful when the programmer
wishes to simulate other machines that might have less
internal precision available than the 8087. Infinity con-
trol chooses between affine and projective infinity.

Rounding control selects one of four approaches: un-
biased round to the nearest representable number, round
up, round down, and round toward zero. The P (inexact)
exception is especially important, since it notifies the
programmer whenever the results of a computation are
being rounded. Therefore, results that must be exact can
be guaranteed as such.

Rounding control is also useful for interval arithmetic.
Calculations can be carried out, for example, by always
rounding up, then rounding down. Two sets of results are
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obtained, with the true result in between. Thus, even
when some rounding is inevitable, the 8087 can still
make guaranteed statements by specifying bounds, or
intervals, within which the exact result exists. Interval
arithmetic has other applications, too, in which the user
analyzes the effects of various types of uncertainties,
errors, and other variations in the input data.

Completing the description of Fig. 5, the instruction
and data pointers hold the address of an instruction and
the data it refers to, if any, respectively. In the event that
an exception generates an interrupt, this information is
available to the programmer for use in the exception-
handling routine.

Temporary-real format

The 8087’s architecture includes an extended interme-
diate format called temporary real that affords the user
significant advantages. As mentioned, the chip manipu-
lates both single-precision 32-bit real and double-preci-
sion 64-bit operands, and as a result of temporary real,
the commonly supplied system functions are accurate to
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double precision. That is, if x is a long-real value, then
e*, In x (the natural logarithm of x), and the tangent of
x, and so on, will all be accurate to within less than one
unit in the last place of long-real precision. In fact,
because of their delicate hardware implementations,
these functions will be more accurate—to within a few
units in the last place of temporary-real precision.

The true test of temporary real comes, however, in
calculating the most demanding function in the 8087’s
repertoire, xY. In performing this function, as many
fraction bits are lost to rounding as there are bits in the
exponent of y; for instance, if x and y are in the double-
precision format, then z = x? will lose about 11 bits.
This loss would introduce significant error in a function
that is crucial for many commerical calculations, includ-
ing those for interest rates. However, with the 8087’s
temporary-real format and logarithmic functions, x¥
(with x and y both temporary real) is accurate to about
one unit in the last place of long-real precision. Besides
ensuring accurate calculations of rates of return, the
8087 with temporary real guarantees that integral values
of the arguments of x¥ yield exact results: 2° equals 8,
not 8.00 . . . Ol.

Finally, the temporary-real format provides the means
to construct accurate mathematical, statistical, and com-
mercial libraries of functions. The user of these Jibraries
supplies data in real or long-real formats and'receives
results with identical precision. The library uses tempo-
rary-real variables to perform the calculations and thus
protects not only against roundoff errors, but also
against intermediate overflows and underflows. (Most
overflows and underflows occur on intermediate calcula-
tions, since the input and output variables are usually
within reasonably narrow ranges.)

Performance claims for most libraries are “in the
absence of overflow and underflow.” But by judiciously
using temporary-real variables, either overflows and
underflows will be of no consequence or the user will be
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DATA FIELD TAG FIELD
79 63 0 1 0
ST(4) | siGN EXPONENT FRACTION
ST(5)
ST(8)
ST(7)
ToP §T(0) f
ST(1)
ST(2)
ST(3)
16 0
e )
CONTROL‘REGISTER
X
STATUS F}EGISTER
—  INSTRUCTION POINTER  — 5. Stack. The 8087's stack contains eight 80-bit locations. Data can
= OATA POINTER =l be pushed on and popped off as with conventional first-in, last-out
stacks, or the registers can be randomly addressed. The register at
the top of the stack is singled out by the top pointer.

provided with a necessary and helpful warning.

The 8087 can operate on integer, binary-coded-
decimal, and binary floating-point numbers, for a total
of seven data types (Table 2). Regardless of data type,
operands are converted without rounding into the tempo-
rary-real format as they are fetched from memory. All
internal computations are done in the temporary-real
format. Only when the result is about to be returned to
memory is the data converted back into the format of the
data type desired by the program. The conversions to
and from temporary real are entirely transparent to the
programmer. This automatic conversion also allows
mixed-mode arithmetic, in which operands and results
need not be of the same data type.

Easily emulated

One major advantage of the 8087’s being so closely
coupled with the 8086 is that a software emulator can
be built easily. In fact, Intel provides such an emula-
tor of 8087 hardware that runs on an 8086 or 8088. It
generates trap routines that are substituted for the
8087's escape instructions. The use of these routines
allows 8087 software to be written and executed while
prototype hardware is still being developed. Then, when
prototype hardware is ready, these same programs will
run 100 times faster than the emulator. Table 3 gives an
idea of the 8087's performance. Execution times for
several 8087 operations are compared with those for
equivalent operations executed in software on a 5-
megahertz 8086. The software equivalents are the
assembly language procedures for the 8087 emulator.

The hardware preparation required to add an 8087 to
an existing 8086- or 8088-based system is an easy one,
too. The 8087 uses the same clock generator and system
bus interface components (bus controller, latches, trans-
ceivers, and bus arbiter) as the processor it supplements.
Thus the 8087 itself is the only additional chip required
for extensive high-performance numeric-processing ca-
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TABLE 2: DATA FORMATS OF THE 8087

Most significant byte Format
Range Precision
7 07 07 07 07 07 07 07 07 07 0
Word integer 104 16 bits s lo l 2's complement
Short integer 109 32 bits 1% lo I 2's complement
Long integer 10'? 64 bits lg3 o | 2's complement
Packed binary-coded decimal 10'8 18 digits |s| — D, Diof | D
Short real 10%38 24 bits s |E, Eo ]F, an] Fo 1mplicit
Long real 10%308 53 bits s |Ex Eo[Fy P2z | Fa implicit
Temporary real 10%4.932 64 bits S IE“ Eo l‘:o Foa
Integer: | Real: (—1)5 (28723 )(Fg, Fy. . .}
Packed BCD: (—1)%(Dy; ... Dg) Bias = 127 for short real, 1,023 for long real, 16,383 for temporary real

TABLE 3: EXECUTION TIME FOR ACTUAL AND EMULATED 8087 INSTRUCTIONS

Instruction

Add or subtract magnitude
Multiply (single precision)
Multiply {double precision)
Divide

Compare

Load (single precision)
Store (single precision)
Calculate square root
Calculate tangent

Raise to the appropriate power

Approximate execution time (us)
8087 (5-MHz clock) 8086 emulation
14/18 1,600
18 1,600
27 2,100
39 3,200
10 1,300
9 1,700
17 1,200
36 19,600
110 13,000
130 17,100
J

pabilities in such a system.

The transparent software and simple hardware inter-
face of the 8087 make it extremely easy to add numeric
support to existing products like board-level computers.
Intel is following this simple course in adding numeric
support to existing 8086-based iISBC 86/12 single-board
computers. As an option, a plug-in module will be
provided. The user simply unplugs the 8086, plugs in the
module (which has the 8087 on it), and then plugs the
8086 into the module.

A wide range of applications will benefit from the
8087’s combination of high performance and software
support. For instance, small, accurate, and reliable iner-
tial navigation systems can put the 8087 to work. Its
built-in trigonometric functions speed up and simplify
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the derivation of positional information, such as bearing
and acceleration data.

The 8087's ability to accept decimal operands and
produce exact decimal results up to 18 digits long greatly
simplifies the programming of business data-processing
applications. Financial calculations that rely on power
functions, like (1+i)" for compound interest, will take
advantage of the 8087's exponentiation instructions.
Business-oriented languages like Cobol also benefit from
the 8087’s accuracy and rounding.

In real-time process control situations, the 8087's
extended precision and speed enable it to handle a wide
dynamic range without loss of precision. Finally, the
direct numeric support for the 8087 available in all 8086
high-level languages makes software cost-effective. [
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NOW ZENITH GIVES YOU A
BRAND NEW WAY TO MEASURE
CRT DISPLAY QUALITY.

Now Zenith technology
comes packed into a brand new
CRT Display format. Introducing
the D12-100. This new model in
our expanding line has a diagonal
measurement of 12 inches. But
the story is much, much bigger.

THE D12-100

To deliver maximum performance
at lower cost, our new D12-100 is
designed with a 4x 5 aspect ratio
rather than the currently used 3x4
aspect ratio. In those applications
where the D12-100 is appropriate, it
offers all the reliability and depend-
dability of our fully featured, top-of-
the-line 3x4 aspect ratio models.
No wonder. The D12-100
is designed and tested to meet
the same quality and reliability

standards established forall Zenith
CRT Displays. Thousands of test
hours under extreme humidity,
vibration, altitude and tempera-
ture conditions. And exhaustive
analysis, including electron micro-
scope and thermograph scansin
the Zenith Reliability Lab.

APPLICATION
ENGINEERING

The D12-100, like every Zenith
CRT Display, can be designed to
meet your own specifications, as
well. We'll meet with you to deter-
mine your exact requirements.
And then custom build a D12-100
to fit. Since the D12-100 is also the
start of a new series of CRT Dis-
plays, we'll be happy to talk about

o

The quality goes in before the name goes on.

other screen sizes as well.

ZENITH
TRADITION

At Zenith, we're building CRT
Displays with the same commit-
ment to excellence that's made us
number one in the television in-
dustry. When you want a product
that works, with delivery on your
time schedule, plus proven re-
liability and dependability. .. you
want what we’ve been giving our
customers for over 60 years.

More big ideas are coming.
For further information and
specifications, write: CRT Display
Engineering Division, Zenith Radio
Corporation, 1000 Milwaukee
Avenue, Glenview, lllinois 60025,
or call (312) 773-0074.

National Computer Conference, May 19-22, Booth 3023-25.
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Magnetostatic-wave devices move
microwave design into gigahertz realm

Garnet films fashioned into components like delay lines and filters
do the job of SAW devices operating at much lower frequencies

by J. D. Adam, M. R. Daniel, and D. K. Schroder, westinghouse Eiectric Corp., Research and Development Center, Pittsburgh, Pa.

O Microwave-frequency information has traditionally
been processed at lower, intermediate frequencies
because it is difficult to make the needed microwave
delay lines, transversal filters, and signal-to-noise
enhancers. So a design engineer with a radar or commu-
nication set in the 1-to-20-gigahertz range must use a
mixer to convert the incoming signal to the hundreds-
of-megahertz frequency band where surface-acoustic-
wave (SAW) devices are available to manipulate the
received intelligence.

Now, however, magnetostatic-wave (MSW) devices are
becoming available to perform the functions of the
acoustic-wave devices. And they operate directly at
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microwave frequencies of 1 to 20 GHz with bandwidths
of 0.5 to 1 GHz.

Compared with SAW technology, MSW technology
offers lower propagating losses, simple transducers not
needing narrow-line-width photolithography (the line
widths required are typically 50 micrometers), and
broad frequency tunability by means of an externally
applied magnetic field.

Perhaps most important, when signals are processed at
microwave frequencies, the radar or communication-
system user has a faster decision-making capability since
the information the signal carries is handled in close to
real time. And, as a bonus, the distortion caused by the
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1. Delay line. A 20-micrometer YIG film with ground planes 0.55 millimeter above it and 0.15 mm below it (a) supports a forward volume
magnetostatic wave. The same YIG film spaced about 15 um above a coplanar waveguide (b) supports a backward magnetostatic wave.
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Early experiments on magnetostatic waves in bulk yttrium-
iron-garnet (YIG) were begun in the late 1950s, and micro-
wave delay lines were demonstrated at that time. But
materials problems made it difficult to achieve the desired
device characteristics, and reproducibility was poor. This
led to a drastically reduced effort in the field.

With the advent of magnetic-bubble memory devices,
the liquid-phase epitaxial (LPE) growth of thin-fim YIG
layers made great strides in the early 1970s. This caused a
renewed interest in MSW devices, since the LPE technique
used for bubble films lends itself to MSW films, even
though the films themselves are not quite the same. MSW
devices use pure YIG with as high a saturation magnetiza-
tion as possible, whereas bubble fims are doped to
reduce this magnetization. Furthermore, the thin-film
geometry lends itself to integrated circuit techniques, and
radar and electronic countermeasures (ECM) have
advanced to the stage where they can benefit from the
microwave capabilities of MSW devices.

Magnetostatic-wave devices: some background

Work is currently going on at a number of industrial
research laboratories and universities in the U. S., Europe,
and Japan. Westinghouse is evaluating four types of
devices to be delivered to the Air Force later this year.
They are a wideband (1-gigahertz) linearly dispersive
delay line, a stabilized oscillator, a 10-channel multiplexed
filter bank, and a programmable tapped delay line. Each
of these devices operates at a 9-GHz center frequency.

On a different Air Force contract, a signal/noise
enhancer covering the 2.5- to 5.2-GHz ECM band has
been built and successfully operated. Earlier, Rockwell
International Corp. delivered a dispersive delay line to the
Air Force. At its Aerospace division, Westinghouse is
putting together a spectrum analyzer using an MSW dis-
persive delay line operating at 3 GHz with an 800-MHz
bandwidth. These are among the first epitaxial YIG
devices delivered, indicating that prototype devices are
available to the system engineer now. Production devices
will be available in a few years.

mixer, which introduces errors into the receiving system,
is eliminated.

Under development by the Westinghouse Research
and Development Center and elsewhere, the devices are
not yet ready for general use, and mixer and intermedi-
ate-frequency device manufacturers need not worry
about the competition (see ‘“Magnetostatic-wave devices:
some background,” above). On the other hand, practical
devices have been made, and though they are not gener-
ally available, those involved in signal processing should
be aware of their performance.

The devices built to date include constant delay lines,
linear dispersive delay lines, transversal filters —such as
reflective arrays and periodic transducers—bandpass fil-
ters, resonators, and signal-to-noise enhancers. They are
based on the properties of a form of energy propagation
called dispersive spin waves (see *“MSW devices: how they
work,” opposite page).

An important device is the constant delay line, in
which all frequencies experience the same delay. It can
be configured so that the time delay is adjustable as
required, for example, for phased-array radars.

For their part, dispersive delay lines are needed in
compressive receivers, and signal-to-noise enhancers are
employed in frequency memory loops. Although delay-
line design depends on spin-wave phenomena, their oper-
ation is easily explained.

What causes the delay?

The basic magnetostatic-wave device is a constant
delay line, which delays a signal applied at an input port
a fixed amount of time before it arrives at an output
port. Because magnetostatic waves do not usually have a
linear relationship between frequency and wavelength,
their travel time between input and output ports in a
delay line varies with frequency. Normally, this would
mean delay is not constant with frequency—an unac-
ceptable situation.

Fortunately, certain device parameters can be made to
compensate for this nonlinearity. Thus a delay line is
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2. Microscan. The input signal is mixed with an up-chirp and then
passed through a down-chirp delay line. The output shows the input
frequency as time-axis spikes, where the time is proportional to the
frequency SAW lines can also provide this delay.

possible that exhibits a constant delay to within £5%
over approximately 400 MHz of bandwidth at 10 GHz.
One way to make such a delay line is to apply a steady
magnetic field normal to an yttrium-iron-garnet film, so
that forward volume waves propagate. Then, by posi-
tioning two ground planes, one above and one below the
YIG film and at appropriate distances from it, the char-
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Magnetostatic-wave devices depend on the propagation
of slow, dispersive spin waves at microwave frequencies in
low-loss ferromagnetic materials. Typically this material is
an epitaxially grown yttrium-iron-garnet (YIG) layer on a
gadolinium-gallium-garnet (GGG) substrate.

The spins are aligned along the field direction by a
steady applied magnetic field (a). A local perturbation,
caused, for example, by a current in a conductor close to
the magnetic material, creates a disturbance that propa-
gates through the YIG film (b), in much the same way as
plucking a stretched guitar string causes the vibration to
move along the wire.

The inverse conversion of the magnetic disturbance into
a current in a second conductor placed some distance
from the first completes a simple delay line. This conver-
sion is made with an MSW-to-microwave transducer.

The analogy to the guitar string can be stretched a little
further by comparing higher vibrational string frequencies
(due to increased tension) with higher frequencies in an
MSW device caused by a higher magnetic field. This
increased field aligns the spins more rigidly.

With this approach, tuning is relatively easy. For exam-
ple, the center frequency from 3- to 10-GHz is changed by
merely doubling the applied magnetic field. No physical
changes (the dimensions of the device or transducers) are
required. This allows for the implementation of electrically
variable delay lines. This effect is very difficult to achieve in
acoustic-wave devices although it is routinely done in
charge-coupled devices. The CCDs operate at much lower
frequencies (1-10 MHz), however.

In a basic MSW device (c), the electromagnetic signal is
coupled into the YIG film by a simple microstrip transduc-
er. The film is separated from a ground plane by an
alumina insulator.

Forward volume waves—one of three possible types of
waves— propagate when a magnetic field is applied verti-
cally in the Z direction. They travel within the YIG layer and
have normal dispersive characteristics where the delay
increases with frequency.

If the magnetic field is applied along the X direction,
backward volume waves are generated with an inverse
delay-frequency behavior. A third field direction, across
the film in the Y direction, generates surface waves con-
fined to the YIG surface, like surface acoustic waves.

MSW devices: how they work

In addition to the magnitude and direction of the applied
magnetic field, a third design parameter is the location of
the ground plane. The spacing of the ground plane from
the YIG surface can be exploited to achieve various device
functions. Combinations of these externally controlled
parameters yield a wide variety of device characteristics.

(b)

MAGNETIC FIELD

SIGNAL
ouT

SIGNAL
IN

GROUND PLANE X
(c)

acteristics of the wave can be modified to produce a
constant delay over a useful frequency range (Fig. 1a).

A constant delay can also be achieved with the simpler
arrangement of just one ground plane. But, with this
approach, the working bandwidth is reduced to about
85% of that of the two-ground-plane example. By adjust-
ing a steady magnetic field in the plane of the YIG film,
rather than normal to it, backward volume waves are
generated. These propagate parallel to the field direc-
tion. A single ground plane placed very close to the YIG
film again gives constant delay behavior (within *5%)
over about the same 400-MHz bandwidth at the same
frequency.

A convenient way to implement a close ground plane
spacing (a distance of less than or equal to the YIG film
thickness of 20 micrometers) is to use a coplanar wave-
guide structure rather than a microstrip structure. The
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coplanar waveguide’s ground plane is in the same plane
as the center conductor and resembles coaxial cable. The
results of Fig. 1b were achieved using one layer of a
12-um-thick insulating spacer between the YIG film and
the coplanar waveguide ground plane. For backward
volume waves, a second ground plane does not signifi-
cantly improve the constant delay bandwidth.

Typical values

A constant delay of 100 ns is typical for magnetostatic
volume waves. However, the YIG film thickness and
ground plane spacings all affect the delay. By selecting
these particular parameters, delays may range from
10 ns to 500 ns.

The location of a ground plane in relation to the YIG
surface is a design parameter for the constant delay line.
This parameter has also been successfully used to pro-
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3. Frequency memory loop. Loop gain is low for noise-llevel signals
because of high loss in the enhancer. But a strong signal causes the
enhancer loss to decrease, raising loop gain above unity. Opening
the dump switch erases the memory and restarts the process.

duce an MSW delay line with a linear delay-versus-
frequency characteristic. This device functions readily at
either 10 GHz or 3 GHz—both commonly used radar
frequencies. It also finds application in a microscanning
receiver (Fig. 2).

One delay line with linear delay versus frequency was
made from a YIG film 20 um thick placed about 20 um
from a ground plane. For this device, changing the
steady magnetic bias field from 2,400 gauss to 4,800
gauss shifts the operational frequency of the device from
3 to 10 GHz. The insertion loss of this delay line—
without either input or output impedance matching —did
not exceed 45 dB over the linear delay region at either 3
or 10 GHz. Furthermore, a reduction in the insertion loss
to less than 20 dB is expected as YIG crystal growth
techniques mature.

Though this device propagates forward waves, useful
linear delay characteristics can also be obtained from
backward volume waves with the magnetic field in the
plane of the film and parallel to the MSW propagation
direction.

Now delay varies linearly with frequency when the
YIG film is placed a distance equal to about 10 times its
thickness away from the ground plane. However, the
factor of 10 is not critical.

But unlike the first situation, where delay increased
with increasing frequency, the linear delay of this device
decreases with increasing frequency. The backward vol-
ume waves have the characteristic of decreasing delay
time with frequency.

Up-chirp and down-chirp

As with the forward volume waves, the backward
waves are readily tunable by varying the magnetic bias
field. In the language of signal processing, the delay line
for forward waves has an up-chirp response and that for
backward waves has a down-chirp response.

When a signal applied to the delay line covers the
same bandwidth but is of opposite time-versus-frequency
form—a down-chirp—the output is a sharp spike. The
incoming signal, say, at X band, is then compressed by a
pulse-compression factor of about 220. This signal-
processing function cannot be directly accomplished by
any other currently available technique at 10 GHz and is
in fact a unique capability.
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4. Enhancer. The signal-to-noise enhancer consists of an epitaxial
YIG film in contact with a narrow microstrip line. When a suitable
magnetic bias film is applied, magnetostatic surface waves are
launched in the YIG film by a microwave signal in the microstrip line.

Frequency-selective signal-to-noise enhancers or pow-
er expanders can be realized with magnetostatic waves.
These devices are used in frequency memory loops, as
seen in Fig. 3.

In contrast to the microwave limiter, which shows low
loss for small signals and high loss for large signals, the
expander shows high loss for small signals and low loss
for large signals. This characteristic is achieved over a
1-GHz instantaneous bandwidth by using the expander as
a saturable absorber of power from a microwave trans-
mission line.

In this device, the dump switch is normally closed and
the delay time is shorter than the input pulse length.
Thus, an input microwave signal whose amplitude is
above a preset value experiences a net loop gain and
circulates around the loop so as to form a continuous
wave signal.

For proper enhancer operation, the stored frequency is
quantized to the nearest mode of operation of the loop.
This means that the total phase shift around the loop
must be an integral multiple of 2.

The limiter in the circuit determines the maximum
amplitude of the stored signal in the loop. If the signal-
to-noise enhancer is operating properly, inputs with
amplitudes below the preset value (noise) experience a
net loop gain of less than 1 and are not stored.

Conventional frequency memory loops that do not
include a signal-to-noise enhancer are closed only when a
signal is detected by another circuit. These conventional
approaches are more costly and do not work as well. And
typical storage times, even using components with ultra-
flat amplitude responses, are limited by noise buildup to
fewer than 100 loop circulations.

With the signal-to-noise enhancer, however, the loop
can be normally closed and infinite storage times
obtained. Amplitude response specifications of compo-
nents can also be relaxed so that acoustic- or magneto-
static-wave delay lines may be used in the loop. In
addition, because of the frequency-selective characteris-
tics of both the enhancer and the limiter, multiple
frequencies can be stored.

In one approach to implementing a signal-to-noise
enhancer (Fig. 4), a straight-through microstrip trans-
mission line connects the input to the output port. A thin
film of single-crystal YIG (grown on a gadolinium-
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5. Taps. Transversal filters using magnetostatic or surface-acoustic-
wave action have the same basic structure. The signals picked up at
the taps are weighted and delayed portions of the original. These are
summed as desired to shape the filter bandpass.

gallium-garnet substrate) is placed above the microstrip
in direct contact with it. The film is biased by an
external static magnetic field in the plane of the film,
oriented parallel to the microstrip.

At low radio-frequency current levels, the excitation
of magnetostatic surface waves (MSSW) is linear. The
MSSWs propagate at right angles away from the micro-
strip, in this way carrying energy away from it. This
results in high loss.

Above some critical magnetic-field strength, the spin-
wave amplitudes become saturated, and the coupling
between the microstrip and the MSSWs decreases. A
smaller proportion of the energy in the line is carried
away, resulting in much lower insertion loss.

If MSSWs reaching the edge of the film are allowed to
reflect back to the line, radio-frequency energy will be
coupled into the microstrip, with some time delay. The
effect will be strong interference-fringe-type ripple in
the below-threshold frequency-response curve. To pre-
vent this, the edges of the film are ground at a shallow
angle (typically 1°) to act as an MSSW absorber.

An important characteristic of the expander is its
frequency selectivity. Measurements show that the
attenuation of a small (below-threshold) signal is not
significantly decreased by an adjacent large signal so
long as the signals are separated by more than 10 MHz.
Thus the expander can readily reject even interference
that is close by.

In common with other magnetostatic-wave devices,
the center frequency of the power expander can be
adjusted by the magnetic bias field. The low frequency
limit of approximately | GHz is determined by the finite
bias field required to magnetically saturate the YIG film.
The upper limit for uniform low threshold power levels is
about 4.2 GHz. At higher frequencies the threshold
increases to more than +20 dBm.

Operation at frequencies of up to 6 GHz has also been
demonstrated with a YIG film having a coplanar wave-
guide structure. In addition, enhancement using lithium
ferrite instead of YIG has been successfully demonstrated
in the 4- to 8-GHz band.

The magnetostatic wave devices described so far have
been based on simple transducers and have relied on
changes in the device boundary conditions to modify the
intrinsic dispersion of the YiG film. This approach can be
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carried a step further in complexity and versatility to
multiple YIG films. A few geometries comprising two
coupled YIG films have been investigated and some
promising configurations identified.

But an alternative approach to the synthesis of any
desired device characteristic is to consider the delay line
as a transversal filter. Generally the required response of
a transversal filter (Fig. 5) is obtained by summing and
weighting the outputs of a series of lightly coupled,
nonreflecting taps, which sample a signal propagating in
a delay line. This can be accomplished with MSSWs,
since the wave is accessible at the surface of the YIG film
and thus is easily tapped at arbitrary points along its
propagation path.

Transducers

As in the now-sophisticated SAW technology, tapping
can be done using single-finger transducers that are
electronically summed. Narrowband periodic transduc-
ers are available (Fig. 6) that use meander-line, parallel,
and interdigital transducers. The typical response of
these transducers is sin (x)/x.

Of these, the parallel-bar transducer approach pro-
duces output at long wavelengths and twice as many
harmonic responses as the meander line or interdigital
transducers. Useful filters require further suppression of
these sidelobes. In principle this can be achieved by
amplitude-weighting each element in the transducer. A
few of the parameters available for element weighting
are finger width, length, and distance from the YiG. This
weighting is under study at Westinghouse.

A second tapping technique uses reflecting metal
strips or etched grooves in the YIG film. In this case the
sampled portions of the wave are summed at the com-
mon output transducer. Here, a uniform periodic array
reflects magnetostatic waves over a narrow wavelength
range. This range depends on the number of, and spacing
between, the elements of the array. This effect has been
demonstrated for waves incident at both normal and
oblique angles on the array.

If the array lacks a uniform period, then different
parts of the array reflect at different wavelengths. Using
this effect the engineer can design a wavelength-depen-
dent path length for the magnetostatic waves.

Such a device is analogous to the SAW reflective array
compressor. But, in the magnetostatic wave case, the
spacing between the reflecting elements is adjustable,
which compensates for the nonlinear dispersion of the
magnetostatic waves. This yields constant delay lines as
well as delays that increase or decrease linearly with
frequency. ‘

Experiments on these devices have highlighted prob-
lems arising mainly from the strong coupling of the MSW
to the conducting strips. Solutions to these problems
require a better understanding of the reflectivity of
metal strips and grooves and the development of a model
for multiple-finger transducers, which includes the
effects of reflection and other finger interactions.

It is important to develop this model because the
ability to synthesize desirable filter and delay line char-
acteristics via magnetostatic wave transversal filters
promises tunable, resonators and oscillators with a high
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6. Transducers. Each narrowband periodic magnetostatic-wave transducer has a characteristic frequency response. The basic types are the
meander-line, the interdigital, and the parallel-bar. Each has a specific purpose for the device designer.

quality factor, as well as low-loss bandpass filters with
low spurious response and improved selectivity compared
with characteristics of current spherical-YIG devices. In
addition, constant or dispersive delay lines with band-
widths of greater than | GHz and delays in the
50-t0-500-ns range will become available for microwave
signal processing.

Keep it stable

The final important factor in the design and applica-
tion of MSW devices is the variation of the device center
frequency or delay with temperature. The center fre-
quency change of a narrowband filter as a function of
temperature in a constant-bias field is approximately
linear with temperature at the rate of +9 MHz/°C. It is
possible to improve this center frequency stability
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through the choice of permanent-bias magnetic materi-
als with a suitable temperature coefficient.

In one design, a permanent-bias magnet used commer-
cially available samarium cobalt and Rarenet-B. When
this new magnet was used, the change in center frequen-
cy with temperature was reduced to approximately
6 parts per million/°C. This kind of magnet is applicable
to all narrowband devices.

But because the group delay of a magnetostatic wave
depends on the saturation magnetization of the YIG film,
other ways are required to keep time delay constant with
temperature. One is to maintain the device temperature
outside the expected temperature excursion with an
oven. More satisfactory is altering the composition of the
YIG film so the magnetization factor is about constant
with temperature. This is under study. a
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O Minicomputer and microcomputer programmers of-
ten start out short on memory space and machine speed,
and so take it as axiomatic that assembly language must
be used to program their small machines. But there are
obvious productivity gains to be had from structured
high-level languages, gains that are at least as important
in microprocessor work as they are in mainframe work.
And high-level languages offer the possibility that
machine-independent code can be written, leaving the
software investment less at the mercy of any one hard-
ware vendor.

How can the benefits of a high-level language be
realized without paying penalties in code space and
execution time? One solution is to pick the right lan-
guage and use it on several different computers, while
paying careful attention to both efficiency and portabili-
ty. Whitesmiths Ltd. chose the language C, developed at
Bell Laboratories and used widely throughout the Bell
System, as the best tool for writing large quantities of
software for small computers.

In the past year, two to three programmers have
delivered over 30,000 lines of documented code that
supports C programming on microprocessors and mini-
computers. Compilers are currently available for Digital
Equipment Corp.’s LSI-11, PDP 11/04, 11/34, and
11770, and VAX-11/780; Intel Corp.’s 8080 and 808S5;
and Zilog Inc.’s Z80. Intel’s 8086 and 8088 microproces-
sors are also supported, but as emulations of their sim-
pler precursors, and are not yet used to full advantage.
Support for Motorola Inc.’s MC68000 is currently being
readied as well.

All PDP 1l-based code makes use of the extended
instruction set and the floating-point processor whenever
possible, but versions of the code are also available that
use neither or only one of these hardware options. This
assortment represents a broad range of hardware capa-
ble of supporting identically the same program.

Along with the C compiler comes an extensive library
of portable routines, including functions for performing
formatted and random input/output on a variety of
operating systems, including RT-11/RSTS CP/M, CDOS,
RSX-11M/1AS, 1SIS-11, VMS, and UNIX/Idris.

The C language

C was developed by Dennis Ritchie at Bell Laborato-
ries, Murray Hill, N. J., about 10 years ago; compilers
for C on the PDP 11 have been operational since the
early 1970s. C is not machine-dependent, so programs
can be freely transported from machine to machine with
the not unreasonable expectation that they will run
correctly without modification. Furthermore, there are
no committees meeting to determine a standard C; rath-
er, Appendix A of “The C Programming Language,” by
B. W. Kernighan and D. M. Ritchie (Prentice-Hall,
1978), serves to define C.

The language mirrors the abilities of many different
processor architectures and produces particularly effi-
cient code as a result. The need to break into assembly
language for efficiency’s sake is exceedingly rare. For
example, the UNIX operating system, which served as
initial host and testbed for C, has been rewritten almost
completely in C over the past several years. UNIX is not
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C language’s

grip on hardware
makes sense for
small computers

Versatile structured syntax
also permits adjustment of
program portability, length,
and speed of execution

by M. S. Krieger and P. J. Plauger
Whitesmiths Ltd., New York, N. Y.
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One of the C programming language’s unique advantages
is that it permits extensive manipulation of pointers—
variables that can be used as machine addresses. Lan-
guages such as Fortran implicitly pass pointers on subrou-
tine calls (on a call-by-reference basis), so that changes
are made to the original variable and not just to a tempo-
rary copy. Pascal permits only pointer assignment and
copying; modification must take the form of subscripting,
as in the Fortran array references.
In C, the statement:

inta[10],i,*p;
declares an array of 10 integers called a, an integer i, and
a pointer to integer p. Thereafter, the following statements
can be written:
p = &i; /* p now points ati */
*p=3; /*iisassigned3*/
More importantly, consider the traditional loop for clear-
ing 10 elements of the array a in Fortran:
do 100i = 1,10
a(i) =0
100 continue

This can be written in C as:

for (i = 0;i<10; + +i)
ali] = 0;

or, using pointers:

Pointer arithmeticin C

for (p = a; p<&a[10); + +p)

Note that + +iadds 1 to the integer i, but + +p adds 2 to
p on a computer with 2-byte integers. Pointers are
adjusted by multiples of the size of the objects pointed to.

Pointer arithmetic frequently leads to more efficient
programs—an important consideration in operating sys-
tems and microcomputer applications. In the program
above, the inner loop using pointers, *p = 0, is much
more efficient than a [i] = 0, which requires a muitiplica-
tion and an addition before the assignment can be made.
The standard method in C, for instance, of copying a
null-terminated string is to use source and destination
pointers and to write:

cpystr(s, d)
register char *s, *d;

while ((*d+ + = *s+ +) !="\0");

On an LSI-11, the move loop in this function body takes
only 4 bytes of code; on VAX it takes 5 bytes.

The danger in using pointers is that program errors
cause wild storage overwrites that are very hard to debug.
It is also easier to write programs that are hard to read, as
the last example suggests. C, however, seems to provide
just enough checking of pointer usage to catch the worst
offenses, but not enough to interfere with flexible use.

only a well-designed and reliable system, but 1s at least
as efficient as systems operating on comparable hard-
ware.

UNIX has been transported to at least three other
computers, and Whitesmiths Ltd. has developed a small-
er operating system, called ldris, with most of the exter-
nal characteristics of UNIX, also written mostly in a
highly portable version of C. Idris currently supports
several simultaneous users on an LSI-11, with reason-
able respoiise.

C provides the usual control-flow statements (if-then-
else, while, for, and case) found in most modern struc-
tured programming languages. It provides both simple
and complex data types, and new types may be created
through a definition facility called typedef.

Extensive data types

Among C’s simple data types are bit fields, characters,
short and long integers, pointers, and short and long
floating-point quantities. Complex objects are built from
the simple types, or from other complex objects, by
repetition (array of), sequencing (struct), and alterna-
tion (union). The words in parenthesis are the names of
the associated types.

The major advantage of this full set of data types is
that any construct that arises in system programming,
including hardware control registers, can be represented
in C. Furthermore, if the hardware can be addressed in
memory, as on the PDP 11 Unibus, then it can be
directly manipulated from within a C program. It is
significant that all input and output drivers provided
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with the UNIX system are written exclusively in C.

C functions are called by value. Simple data objects
passed to functions have their values passed rather than
their addresses, making it impossible to accidentally
overwrite the original. Since the value of a pointer may
be passed, calls by reference are also provided.

All C functions are recursive; it is an easy matter to
automatically declare variables local to a function, so
that a fresh set of them is allocated on the stack for each
call. If a local variable is known to be heavily used, the
programmer can request that it be held in a register,
and, up to the limit of machine resources, the compiler
will accommodate the request. Judicious use of registers
can dramatically reduce the size and execution time of a
program.

C programs are generally represented as sequences of
data objects and function bodies within multiple files.
Data objects may be global to all program files, local to
a specific program file, or local to a specific range of
code within a function. Static data, even complex struc-
tures, may be initialized at compiling time. The language
itself does not provide a controlled storage class, but that
is provided by the library functions alloc and free, which
administer a run-time heap. The language also has no
input/output statements; once again, ample facilities are
provided by the portable library.

C has a richer-than-usual set of arithmetic operators,
but confines its operands to scalars (integers, floating-
point numbers, and pointers), so that code explosion is
minimized. For example, a whole array will never be
implicitly copied by what looks like a simple assignment.

Electronics /May 8, 1980



C PROGRAM

p2/80

A-NATURAL

OEC
MACRO-11
ASSEMBLER

UNIX
ASSEMBLER
as

MICROSOFT

> anat ASSEMBLER

PROGRAM

W
<D
<

ISIS-11 CP/M
OPERATING OPERATING
SYSTEM SYSTEM

MACRO-80

N

INTEL
ASSEMBLER
asm80

INTEL
PROM
PROGRAMMER

1. Translation. Each bubble represents a separate program that does part of the translation of an application program in C or A-Natural
into a number of different forms. Output can be fed directly to standard operating systems or assemblers used with PDP 11s and 8080s.

One method of improving object-code efficiency is to
use one of the many assigning operators of C. The value
of variable y is added to the doubly dimensioned array a
(represented as a [i] {j] in C) by:

alil Gl1+=y;

This is the same as a [i] {j] = a [i] {j] + y except that
the elaborate expression on the left side of the first
expression need be evaluated only once, effecting a much
tighter code sequence.

Mixed-mode expressions are widely permitted in C,
since all meaningful type conversions are defined. The
following are all valid C statements:

double d;

char c;

int i;

int *p; /* p is a pointer */
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p = i; /* pointer gets integer */

¢ = d; /* character gets double floating */
i = d; /* integer gets double floating */

d = c¢; /* double floating gets character */

A pointer may not be multiplied by seven, however (an
operation not likely to be useful); but the programmer is
explicitly permitted to assign an absolute machine
address—which looks like an integer—to a pointer, a
very useful license for low-level handlers. (See “Pointer
arithmetic in C,” p. 130.)

By judiciously relaxing its type checking in certain
places such as this, C permits code that must normally
be written in assembly language to be intermixed with
normal data manipulations. That way, maintaining
mixed code in two different languages can often be
avoided, and the data manipulations at least can be kept
readable.

It is difficult to say precisely how efficient the code
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produced by the C compiler is. The best indicat'or is that
the output of the compiler can typically be pared down
by 15%, with relatively little effort, in the hands of an
experienced assembler programmer. With considerable
rethinking and rearrangement, that same programmer
can often gain an additional 15% saving in memory
requirements. The same savings apply to execution time,
as a general rule. .

Note that this is not the same as saying that an
assembler programmer will always beat the C compiler
by 30%. Even ignoring the tremendous savings in coding
time gained from writing in a higher-level language, the
much higher error rate that comes with assembly lan-
guage programming must also be considered. Compilers
are not as inventive as humans, but they do not get tired.

Whatever the true cost of using C, Whitesmiths has
found that it is more than repaid in lower programming
costs. And since software costs are large and growing,
while read-only memory and microprocessor costs are
small and shrinking, the benefits can only increase.

Portability

[t is important to write machine-dependent code only
with malice aforethought, keeping trickery isolated to a
minimum number of program files. This takes planning,
standards, and discipline —three things that many people
have tried in vain to legislate through compilers with
stringent checking. C does not really attempt to perform
this testing because no matter how persnickety a compil-
er is, programmers can still write bad programs unless
they adopt a style and standards not easily enforced by
the machine. Since this added discipline is unavoidable,
it may as well be used to supplement a simpler and more
flexible language. (The only real justification for this
approach, however, is that it works.)

Those 30,000 lines of code mentioned earlier break
down into 3,000 lines of assembler support for two
machines, 4,000 lines of system-dependent C for five
systems, 11,000 lines of machine-targeted C, and 13,000
lines of highly portable C. Machine-targeted C refers to
programs such as code generators and assemblers; code
that can run on any computer that supports C but whose
output is eventually uscful only on one machine—an
8080 cross compiler based on PDP 11, for instance.

Note that three quarters of this code is portable in the
usual sense of being able to run unchanged on multiple
systems, and that nearly half is truly indifferent to its
environment. Appljcations programs should fit almost
exclusively into this last, most portable category.

Machine-independent C is written with no knowledge
of the hardware or operating system on which it will run;
it calls on the portable C library for all input and output.
In addition, certain known pitfalls are avoided, such as
assuming that integers are a given size, or that bytes
within an integer occur in a given order. This style is not
hard to master, but does require constant attention to
avoid lapses.

System-dependent C is used by systems programmers
to write operating systems or interfaces to operating
systems. The RSX-11M library, for instance, includes a
function called emt, which permits an arbitrary system
call to be generated via the standard emulator-trap
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hardware mechanism on the PDP 11. Needless to say,
any code that uses emt is necessarily tied to RSX-11M
or one of its ilk. But writing in C makes the code easier
to write and to maintain. Other functions permit syn-
chronous or asynchronous system traps and Fortran IV
function calls.

Machine-dependent C is used by systems program-
mers to write those parts of an operating system that talk
directly to the hardware. In addition to the numerous
PDP 11 examples that benefit from Unibus addressing,
there are the 8080 functions, like in(port) and out(port,
data), that permit arbitrary input and output from a C
function. Hence, even on the 8080, 170 drivers can often
be written purely in C.

The point is that by rigorously factoring code into
these three categories, one can keep a remarkable quan-
tity of the software for any application highly portable,
to reduce the amount of code that must be written when
moving to a new machine. The implementer can thus
obtain the cross product of applications programs and
machines.

A simple example of this cross-product effect is
Whitesmiths’ e program, a text editor used to enter and
edit programs and ordinary text (including this article).
Written in machine-independent C, e relies on the sys-
tem-dependent interface to talk to any of a variety of
operating systems. It consists of approximately 2,000
lines of C code, and was originally implemented on a
PDP 11 under the Idris operating system.

By simply cross-compiling the C code for the 8080, e
was moved to an 8080 running CP/M. By recompiling ¢
on the PDP 11 running under RSX-11M or RT-11, the
editor was made available for those systems as well. The
very same tool is thus present on a variety of systems.
The user avoids having to learn new editors often and the
editor can be made available to diverse users. The result
is a very popular utility that runs on several operating
systems, and it can be made to run on many more.

C translation

A C program can be processed in many ways, depend-
ing upon the output desired. Each of the bubbles in Fig.
1 is a separate Whitesmiths program that does part of
the translation process; the square boxes represent the
standard assemblers and operating systems used with
PDP 11s and 8080s. A C program is first preprocessed
(by pp) to include parameter files and to define manifest
constants. For instance, if the file x.c contained:

#include “file.h”
#define EOF — |

then file.h would be included in the input strcam, and
any subsequent occurrences of the manifest constant EOF
(end of file) would result in its value being taken as — 1.
The resulting stream of data is fed to passl (pl) which
performs all remaining semantic checking and produces
a flow graph with imbedded cxpressions for subsequent
code generation.

For the PDP 11, a code gencrator (p2) produces either
UNIX assembler code or MACRO-11 for the various
operating systems of Digital Equipment Corp.; a similar
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The output of Whitesmiths Ltd.'s 8080 code generator is
A-Natural, a narrative assembly language that is easier to
read and write than conventional assembler code. It fea-
tures uniform register names and simple operator nota-
tion, plus a precedence-free left-to-right translation:

a = *bc+*hl— *hl
is A-Natural for the 8080 instructions:

LDAX B
ADD M
MOV  M,A

Note that the leftmost operand in the A-Natural expres-
sion is used repeatedly across the line, making it easy to
express multiple operations on an accumulator. The above
example could have been written:

a= *bc
a+*hl / answer ina
a— *"hl / move answer into *hl

The following two sampie functions are the only ones in
A-Natural needed in the portable ISIS-Il interface, reflect-
ing the two' places where C code is not sufficient. The first
is ihdr.8:

/ ihdr.8

/ copyright © 1979 by Whitesmiths Ltd.

/ startup code for C under ISIS

public start

public isis.

start:

sp = &stack / put the address of stack (in iend)
into sp register

call _main / call the main C function

A natural assembly language

sp <— bc / put the completion code onto the stack
call exit. / exit from C environment
isis. / isis interface packed with ihdr
¢ = *(hl = 24 sp) / system code from stack
de— sp =4 (hi+ 1+ 1) / cb address from stack
/ first save de
call isis / address of isis found in iend.8 (40)
sp — de / restore de
bc = (hl = 4+4sp) / get return code
ret

The second function is iend.8:

/ iend.8

/ copyright © 1979 by Whitesmiths Ltd.

/ system parameters for C

public isis

public _.memory

public stack
isis: = Ox40 / isis system is found at hex 40
stack: = 0xf600 / isis default stack at hex f600
—memory.: / iend should be loaded last and _memory.

will point to the beginning of usable memory

When loading or binding a C program to run under ISIS,
ihdr.8 is placed first and iend.8 is placed last. Thus, ihdr
will be entered at the start of a program; it will call the
user’'s C main program, and exit. The isis interface is
packed with ihdr. It too must be written in A-Natural
assembler language, since the ISIS calling sequence is not
compatible with that used with C. The iend.8 function
includes only those constants that must be known to ihdr
or other C functions. In particular, "_memory.’, a constant
known to the C interface, must be loaded staticaily as the
last data location.

pair of generators talks to either VAX/VMS or VAX/UNIX.
The output of the 8080 code gencrator is always A-
Natural, a narrative assembly language developed by
Whitesmiths (see “A natural assembly language,”
above).

A-Natural code is either translated (anat) into an
existing assembler language or assembled (an) into relo-
catable binary code for use with the Whitesmiths librari-
an (lib) and loader (1d80). The output can then be
executed on an existing 8080 system, or used to program
read-only memories for free-standing applications.

Thus, a C program can be compiled and tested on a
PDP 11 under, say, RT-11, then transported to an 8080
for final checkout. Even free-standing code can be large-
ly checked out in a more hospitable environment, with
suitable machine-level stubs, before being unleashed.

Popularity contest

The widespread adoption of UNIX among universities
has bred a generation of C enthusiasts that are only now
coming into the labor force in real numbers. And since C
has become a de facto standard programming language
in the Bell System, now in use on upwards of 1,000 small
and large computers, it is probably going to be around
for a while.

This is a safe bet even given the popularity of Pascal
and the strong government backing of Ada. The former
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is a2 much smaller language than C that must inevitably
be cxtended to be useful outside its original sphere of
discourse: expressing student programs in a teaching
environment, Pascal implementations tend to be either
nonstandard or nonportable.

Ada, on the other hand, is a much larger language
than C and requires many services that are usually
considered part of the operating system. Since no operat-
ing system currently exists that can support Ada without
change, it will be some time before anywhere near the
full language is available. And even the simplest use of
Ada may well call for more run-time baggage than most
small computers can support.

Regardless of the eventual success of these competing
languages, C is here now and growing fast. Implementa-
tions are springing up on the newer microprocessors and
minicomputers, and ever greater quantities of C code are
appearing in the marketplace. C compilers have been
announced for the Motorola 6800, the Zilog Z8000, and
the Intel 8086, among other popular machines. White-
smiths plans at least two—possibly three—new code
generators in the next year.

It is ironic that the ability to write very machine-
dependent code with C has encouraged its portability. By
filling the gap between assembly language and tradition-
al high-level languages, C has succeeded in wooing
numerous converts from both camps. O
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#1 IN ANALOG SWITGHES?

(HINT: IT'S NOT WHO YOU THINK.)

HERE’S THE STRAIGHT SCOOP.

Intersil is the leader in analog switching.
We’ve got the broadest line in the business, the
fastest and most accurate devices in the business,
and the technological capabilities to stay #1.
Siliconix doesn’t. Harris doesn’t. We do.

BROADEST TECHNOLOGY.
When it comes to analog switching technologies,

nobody beats Intersil: CMOS. P-JFET.
MOSFET. VARAFET. Dielectric Isolation.

BEST PERFORMANCE.

And nobody beats us at staying out on that
leading edge of performance:

Take, for example, our IH5140 family of
monolithic CMOS switches —absolutely

the fastest, lowest power, lowest leakage
devices anywhere.

Or how about our DGM182 family. It happens
to be the only true monolithic replacement for
the DGI180s and it meets all the specs.

Or if you want to talk accuracy—look at our
IH6116/6216 CMOS MUXSs. They’re at rock
bottom in error, power and leakage.

MORE NEW GOODIES.

We admit it: we’re out to stay #1 in this business.

Which is why we’ll soon be introducing the
IHS5108/5208 family of dielectrically-isolated
fault-protected MUXs. With better fault
protection and higher accuracy than the
competition. Move over, Harris.

And we’ll also be introducing the CMOS
DG200/201. With dual SPST. And quad SPST.
So look out, Siliconix.

NOW, TALK DELIVERY.

We’re delivering. On time. To specs. In quantity.
At a competitive price.

THE ANSWER.

Intersil has the switches. And the performance.
And the price. And the delivery.

So, next time you're designing in analog
switches, who’s the logical first choice?
Hint: The answer begins with an “I”’
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Designer’s casebook

Foldback limiter has

minimal parts count

by Michael G. Lyngsie
MG-EL Consultants, Copenhagen, Denmark

Providing virtually the same function as the foldback
limiter proposed by Kularatna,' but using a minimum of
parts, this circuit delivers a well-regulated 24 volts at a
maximum of 4 amperes. The circuit is extremely rugged
and will meet all but the most demanding industrial
requirements.

In operation, transistor Q, operates as a differential
amplifier to detect changes in output voltage and at the
same time to keep track of the reference voltage, Vg,
which is constant as long as IgR¢<V,—6.8. The power-
Darlington stage Q,—Q, that follows serves as the series-
pass transistor and its associated driver.

If there is a short circuit at the output or the load
requires excessive current, lg will also increase because
Q: and Q; must be driven harder. This action causes Q,
to draw off a corresponding current that is normally
delivered to the zener. Thus the zener voltage must fall,
and foldback limiting is initiated. The quiescent current
that will flow during foldback (V, = 0) is solely depen-
dent on R,, which re-initializes the supply upon removal
of the overload condition. R, can be made as large as
desired, with the only limitation being that lg, must be
greater than the sum of the leakage current (li.)
through capacitor Cs, and lpc.

Placing the series-pass transistor, Qs, in the negative
rail offers two distinct advantages. First, the device can
be operated in the common-emitter configuration, en-
abling Q; to provide voltage gain and current gain. This

enhances the dynamic range of the circuit. Secondly,
most industrial equipment utilizes a negative ground,
and so the power transistor can be directly mounted
anywhere on the chassis for efficient cooling and the
problem of electrical isolation can be eliminated. Fur-
thermore, regulation is extremely fast because the only
capacitors in the circuit are associated with the input
filter (C,) and output bypass networks. Foldback action
is not very fast, though, because of the large value of C,.
This capacitor can be made an order of magnitude
smaller without sacrificing stability.

The output voltage will be held constant to 100 milli-
volts with this arrangement. Other voltages can be se-
lected by altering the voltage-divider chain R;-RsRs.
The maximum output current is approximately:

loax = (Vo= 6.8)hte gahre 02/Re

neglecting s and the current flowing in R,.

The circuit develops a slight positive temperature off-
set of 0.4 v after warmup, due to the positive tempera-
ture coefficient of the zener diode. If this offset proves to
be annoying or unwanted, a forward-biased 1N4001 can
be placed in series with the zener to eliminate the
problem.

It is recommended that four 1,000-uF capacitors be
used for C,, instead of a single 4,000-uF device because
of the high ripple currents (and heat generation) that
will be encountered. Output ripple is only 20 mv peak to
peak at 3.5 A. If desired, the ripple may be more than
halved by the addition of another 1,000-uF capacitor at
the input.

References
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the circuit’s operating principle and purpose. We'll pay $50 tor each item published.
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Rudimentary. Simple but rugged and reliable foldback limiter delivers 24 V+ 100 mV at a maximum of 4 amperes. Output ripple is only 20 mV
at 3.5 A and may be reduced further simply by placing additional capacitors at input. Placing series pass element, Q,, in ground lead gives
circuit good dynamic range and simplifies solution of classic mounting-vs-isolation problem in dealing with cooling of the power transistor.
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Low-cost autoranger scales
DVM over four decades

by L. Y. Hung

Boston, Mass.

Autoranging capability can be added to a digital volt-
meter with this circuit, which costs less than $25. Built
around a dual-slope integrating analog-to-digital con-
verter to ensure greatest measurement accuracy, the unit
scales a 3';-digit voltmeter over a range of four decades
(%1 to 21,000 volts dc) without the need for complex
feedback circuitry.

In operation (see figure), signals to the input are
applied to the ICL7107 a-d converter through the range
switch formed by the 4052 multiplexer and the attenua-
tor that includes the CA3140 comparator and its accom-
panying decade resistor network. During each 333-

millisecond measurement cycle, the converter proceeds
to eliminate the error caused by the comparator’s offset
(autozero phase), stores the input voltage (integrating
phase), and displays the difference, in terms of a voltage,
between the integration time and the time required to
discharge a reference potential from capacitor Cg (dis-
play phase). The autorange circuit (A;~A,;) that follows
tracks both underrange and overrange conditions with
the aid of a suitable detection circuit. It generates the
appropriate signals for controlling the range switch and
thus the gain of the attenuation network.

The autorange circuit determines underflow or over-
flow at the initial portion of the autozero phase. During
this time, the voltage on pin 35 of the converter drops
momentarily. The drop switches gate A, and thereby
closes switch S, an action that brings pin 35 to logic 0
and completes the charging cycle for Cy. The rising edge
of the AZ signal that clocks the range switch is delayed
about | millisecond by A, and A, providing sufficient
time to stabilize the display and to check for the under-
range and overrange conditions.
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Searching. DVM autorange circuit uses A;—A.. to detect underflow and overflow conditions by examining the output state of ICL7107 a-d
converter, then sets gain of input attenuator network over four decades through 4052 range switch. Circuit cost is under $25.
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Dedicated to

custom I(s.
(ommitted
to excellence.

Item: The only difference between a typical IC company
and SSi is our attitude and their catalog—they sell you what
they've got... we give you what you want.

Item: 92% of all the integrated circuits we now have in
production were custom designed for individual clients.

Item: MOS, Bipolar, Linear, Digital, combinations on a single
chip—we give you exactly what you need.

If you want it your way, call SSi, Director of Marketing;
or send for our capabilities brochure today.

Silicon Systems incorporated, 14351 Myford Road, Tustin,
California 92680. Phone: (714) 731-7110 or TWX 910-595-2809.

Silicon Systems

incorporated
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The range switch is an up-down counter. It will count
down one state if an overrange signal is present and up
one state if an underrange condition exists, over the
binary range 00 to 11. The discharge path provided by
switches S;~S; reduces the residual charge on Caz dur-
ing the de-integrating phase; otherwise continuous rock-
ing between two adjacent scales may occur.

As for underrange and overrange detection, only one
quad comparator need be connected to the ICL7107, as
shown at the upper left. Both signals are derived from

the converter’s seven-segment outputs. Underranging
occurs if the displayed number is less than 200; for
overrange, the number must be greater than 1,999.

A blank display on digit 3 indicates the overrange
condition. A blank output on digit 4 and eithera 1 ora 0
on digit 3 signifies underrange. In equation form:

W e WOG3°K°(_A—3+D3)

where A;, D3, and G; are the display segments of digit 3
and K is the converter’s thousands multiplier. O

Improved burglar alarm
discourages auto thieves

by Jose S. Correa de Quieros
Engineering Faculty, University of Oporto, Portugal

Inexpensively detecting an increase in battery current —
like that caused by the car’s courtesy light—this auto-
mobile burglar alarm competes on a cost-vs-performance
basis with any of the commercial all-electronic devices
now available. The alarm also senses and responds to
severe mechanical shocks of the kind caused by breaking
glass. Standby current is only a few milliamperes.
Closing switch S, arms the alarm through device | of
the 556 dual timer after a time determined by R, and
C,, enabling the driver to exit from the auto without
triggering a false alarm. This switch also grounds the

Device II of the timer serves as the battery-discharge
sensor. Voltage divider Ry—R, detects the small drop in
the nominally set voltage at pin 8 (trigger input) of the
556 due to any current flow exceeding a few milli-
amperes. Q; and Q; then turn on (or D, and Qy, if lamps,
radios, tape players, or other loads connected to point A
or A’ are disconnected by the thief), firing D, and Qs
after a time determined by R and Cs. The horn relay at
point B is then energized and timer Q initialized. R
and C; should be set to provide a delay of 5 seconds or so
to enable the owner of the vehicle to enter and disarm
the alarm. After a time set by R, and C,, (maximum is
20 seconds), D, fires, resetting D, and the horn relay.

Capacitor C, and diode D; develop a dc average of the
pulse train that is required to power the auto’s clock via
point C, effectively preventing the pulses from generat-
ing a false alarm. Severe mechanical shocks are detected
by switch S,, which is set with the aid of a screwdriver
and a light-emitting diode that turns on when the switch
elements make contact. When S; closes in actual opera-

ignition coil so that it is impossible to start the engine. tion, D, fires immediately to set off the alarm. 0
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On guard. Auto alarm detects smail increases in battery current such as that caused by courtesy light activated by burglars, setting off horn
relay after specified delay. Switch S senses mechanical shocks of the kind caused by breaking glass and sounds alarm immediately.
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Anyone canbuildgreat performancei intoa micro.
Only Dlgltal helps yougetitall out\

lldbyDgtl s powerful
ustomers by up to 85%.



In 16-bit micros, great hardware
doesn’t guarantee great performance.

You need high-powered software too.

And only Daigital gives you both.
Because while everyone else is just get-
ting started in high-performance micros,
we’ve been shipping them for years.

So we give you all the software tools
Kou need to make the most of great

ardware.
We start where the others leave off.

Digital’s LSI-11/23 micros offer the
only double-precision floating point
processor in the industry. Built right into
the hardware so it doesn’t cost you mem-
ory overhead.

You also get a memory management
unit so efficient, you can run several real-
time K;c?rams at once.

ou get the basic instruction set
of our PDP-11 minicomputer family. It
can do in one memory cycle what others
would take four to accomplish.

But like we said, hardware is only
half the story.

The industry’s only high-
performance micro software.

Digital’s software systems are
litera]ly years ahead of the
competition.

e RSX-11M operating sys-
tem, for example, is the industry-
standard real-time software for
superminis.

Proven and refined over five
ears. And you can get it with our
SI-11/23 micros, with high-

powered languages like an opti-
mized FOR IV-PLUS
compiler and BASIC-PLUS-2.

And for your run-time soft-
ware you can use RSX-115, a
streamlined version of 11M that takes up
an incredibly small amount of memory.

Advanced development tools.
Digital’s programminﬁ tools are eas-

ily the most advanced in the business. So
you can concentrate on refining your
application software, instead of strug-
gling with it.

or example, you get an interactive
debugger that’s built right into the proc-
essor. With English diagnostics for the
linkage editor, FOR , and even
MACRO, so you can catch bugs before
your programs ever run.

Electronics /May 8, 1980

And if you ever need help in your
development work, Digital’s Command
Languaﬁe will help you solve your prob-
lem with clear, English-like statements.

The total approach to micros.

At Digital, we look at micros with a
systems understanding. Which is why
we offer our microcomputer family —in
boards, boxes and systems — with the
most advanced high-performance soft-
ware in the industry.

And why we offer hundreds of
hardware tools, including memory and
interface boards, complete development
systems, peripherals and terminals. All

backed by 13,000 support people
worldwide.

It's the total approach to micros, only
from Digital.

For more information, contact
Digital Equipment Corporation, MR2-2/
M65, One Iron Way, Marlboro, MA 01752.
Or call toll-free 800-225-9220. (In MA,
HI, AK, and Canada, call 617-481-7400,
ext. 5144.) Or contact your local Hamilton/
Avnet distributor. In Europe: 12 av. des
Morgines, 1213 Petit-Lancy/Geneva. In
Canada: Digital Equipment of Canada, Ltd.

It took the minicomputer company
tomake micros this easy.

dlifgliltiall
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Computer technology shifts emphasis
to software: a special report

Surveyed on the eve of the National Computer Conference,
industry managers are also digging into semiconductor development

by the Electronics staft

O The computer industry is being swept by an unprece-
dented shift in emphasis to software. That is the consen-
sus of engineering managers and research and develop-
ment directors at a variety of computer manufacturers
sampled on the eve of this year’s National Computer
Conference —traditionally a time for reflection on the
state of the art and its practitioners.

Their comments point to fundamental changes for the
industry in the decade ahead. Fueled by user demands
for complete solutions to problems rather than just com-
puting tools, the vendors are turning their attention to
more sophisticated systems software. At the same time,
the explosion of new applications for computing power is
creating a demand for programmers that is outstripping
the supply. Minicomputer and even microcomputer man-
ufacturers, which traditionally emphasized the hardware
features of their machines, are now stressing the soft-
ware support behind their products.

“Where we sold hammers, lumber, and nails before,
now we have to go into the prefab house business,” says
Steven J. Gaal, vice president for software development
at Data General Corp., Westboro, Mass. “It’s because of
the shortage of systems pro-
gramming people in all [ap-
plications] sectors.”

And the manufacturers
realize that after more than
a decade of talking, some-
thing must now be done to
improve both the software
and the productivity of the
people producing it.

“Fast-growing companies
like Prime will stop dead in
their tracks unless they can
increase the throughput of
their technical [program-
ming] staffs,” says Joseph
F. Cashen, vice president of
engineering at Prime Com-
puter Inc., Wellesley Hills,
Mass. “We just can’t hire
enough new people to keep
going otherwise.”

The growing interest on
the part of these computer
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technology managers in software is clearly reflected in
this year’s NCC technical program (see program preview,
p- 150). Software-intensive applications such as office
automation are highlighted. Programmer productivity
improvements will be studied in sessions on software
engineering and high-level languages.

Of course these computer technologists continue to
follow the hardware trends as well. New hardware orga-
nizations that link multiple processors are being exam-
ined, and research into computer architecture stresses
support for existing software.

Very large-scale integration, now on the verge of
practicality, is distorting what used to be the clear-cut
boundary between the computers and the chips used to
build them. This is forcing computer specialists to turn
their attention to semiconductor technology and the
techniques used to design and package chips. No longer
willing to leave their hardware future to the semiconduc-
tor makers, many computer manufacturers are
researching new device technologies ranging from gal-
lium arsenide to Josephson junctions. Some are looking
to work with traditional semiconductor vendors on the
design of gate arrays or sim-
ilar semicustom approaches,
while others are developing
in-house custom LSl capa-
bilities.

Furthermore, the individ-
ual semiconductor chips are
becoming so powerful that
they are overlapping with
traditional computers, cre-
ating a continuum of com-
puting power. It becomes
difficult, for instance, to dif-
ferentiate a 16-bit micro-
processor that can address
16 megabytes of main mem-
ory from a mainframe.

But now, as never before,
software is sharing the spot-
light with hardware. “The
complexity and capabilities
of hardware are underutil-
ized currently because the
industry just doesn’t have
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enough applications programs to take full advantage of
them,” says Ian R. G. Edmonds, vice president develop-
ment programs and planning at Prime. “Price/perform-
ance of hardware has improved by leaps and bounds, but
there’s been zero improvement in programmer produc-
tivity (see table).”

The successful computer firms of the future, he says,
will be those offering programmers better and easier
means of developing applications programs. These
means include hardware that stresses ease and simplicity
of use, but just as important— probably more so—will be
software tools like very high-level languages, packages
which allow users to access a data base without applica-
tions programs, and what are being called ‘“program
generators.” These packages lead a programmer by sim-
ple steps through the creation of a routine, querying him
about what needs to be achieved in each step and then
converting his instructions into software steps. These
techniques need lots of work, but have tremendous
potential for speeding a programmer’s job, he says.

Gordon Bell, vice president of engineering at Digital
Equipment Corp., Maynard, Mass., agrees that the per-
sonnel shortage is going to be a difficult problem to
solve. “We may be hit harder in software than in hard-
ware [engineering],” he warns. “The long-term solution
is to look at the disciplines using data processing and to
induce these disciplines to help solve the software prob-
lem in their areas—physics, for instance, or business. |
see computer science shaking out as a basic science,
much as chemistry or biology is today, with a stress on
areas like information and data bases, perhaps. Then it
could be adapted to the needs of the specialities.”

The microcomputer demand

In addition to the shortage of minicomputer and main-
frame programmers, there is an even larger problem
being caused at the other end of the computer industry
by the tremendous sales volumes in the microprocessor
and microcomputer business. Andrew Grove, president
of Intel Corp., Santa Clara, Calif., predicts that unless
new techniques and software structures are used, some 1
million software engineers will be required by 1990 just
to service this low end of the computer continuum.

On the other hand, John Hanne, manager of product
development for Texas Instruments Inc.’s Computer
Systems division in Austin, Texas, feels that although
there probably will be some temporary shortages of
programmers, ‘“‘the economic system will take care of it
in the long term. That is, more folks will become
programmers because it will become a more rewarding
career paying bigger salaries.”

The increasing importance of software to the total
computer system will result in fundamental changes in
the structures of the computer industry. “I see the estab-
lishment of multiple divisions at HP that are dedicated to

This article was written by Computers & Peripherals Editor
Anthony Durniak on the basis of reporting by James B.
Brinton and Linda Lowe, Boston; Wesley R. Iversen, Dallas;
Larry Waller, Los Angeles; Martin Marshall, Palo Alto;
Pamela Hamilton, New York; and Managing Editor Alfred
Rosenblatt.
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DATA-PROCESSING INDUSTRY GROWTH TRENDS
1955 1965 1975 1985

Industry 1 20 80 320
Machine performance 1 10? 104 108
Programmer productivity 1 24 5.6 13.3
System reliability 1 5 24 120

SOURCE: ART BENJAMIN ASSOCIATES LTD

the development of software,” says E. David Crockett,
the computer strategy manager for the computer groups
of Hewlett-Packard Co., Palo Alto, Calif. “It’s quite a
departure from our traditional concept of a division, one
in which people manufacture a product, put it in boxes,
and ship it out the door.”

Specific plans for the allocation of those divisions have
not yet been formulated at HP, but Crockett cites the
growing number of programmers at the company to
support his projection. “We started in 1966 with a
handful of programmers. Now, 60% of the research
people in the computer groups [which include calculators
and peripherals] are programmers. If we just talk about
people working on the central processing units, that
figure is 75%—and it is growing,” he notes.

This growing staff also represents the major portion of
all computer companies’ research and development
budgets —typically over 55%.

The Sperry Univac division of Sperry Corp., Blue Bell,
Pa., recently coordinated all its software research proj-
ects under a director of software technology—a move
that had been taken in hardware many years ago. Proba-
bly the most important thrust for Richard Wexelblat, its
director of software technology, is the human-machine

1. More complete solutions. Computer makers are supplying more
than just software development tools these days, says Steven J.
Gaal, vice president for software development at mini maker Data
General; extensive prefabricated solutions are wanted.
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interface as an on-line tool for com-
puters. “We want to see practical
natural language-acquisition rules
applied directly to actual systems
and data bases,” he says. Univac is
doing research to develop “‘a real
English-language interface which
can be typed in to support inquiries
from occasional users.” But, he adds, “we don’t want to
talk English to a full-time data user, either,” who prefers
the cryptic but time-saving codes now used.

Wexelblat points out that he wants the machine to
respond a third of the time with the right response, to
ask the user to rephrase the question a third of the time,
and to say it didn’t understand the question a third of the
time. *“In other words, | don’t want the machine to ever
come back with the wrong answer or incorrect data,” he
emphasizes.

NCLC

Better human interfaces

HP’s Crockett says his company is also working on
improved human interfaces and sees the evolution of
“natural” languages stemming from the artificial intelli-
gence research now under way at a number of universi-
ties: “We’re going to see increasingly friendly systems,
so much so that the end user, rather than a professional
programmer, will be able to program the system for his
needs. Such things as menu-driven programming will
help this along. Then, in conjunction with the ‘natural’
languages, we will see speech recognition appear.”

This so-called user-friendly software will be especially
important in applications in the office, where a larger
number of inexperienced users will depend on computer
systems. “In the future we're going to have more and
more software that doesn’t require any programming
effort on the part of the user,” agrees Vic Poor, senior
vice president for research and development at Data-
point Corp., San Antonio, Texas. “In order to expand
our market, we've got to go into areas where the custom-
er doesn’t forever have to bring in more and more
programmers to do more and more coding before he can
get anything to run.”

But “‘the price of programs will rise, if only because of
the programmer shortage,” Data General’s Steven J.
Gaal says. As a result, business practices will change
radically. “We will see a marked increase in software
unbundling, and higher explicit prices for software, espe-
cially more use and service charges.”

At Data General, Gaal says, they “‘are trying for
higher programming productivity by using structured
high-level programming. Thus we are developing modu-
lar programs which can perform on different systems
with only different headers,” for example.

At the Perkin-Elmer Computer Group’s Computer
Systems division, Sal Alini, director of software develop-
ment, sees two primary directions: “Higher-level lan-
guages and a more transportable set of primitives—we
need machine-independent code,” he says, “and the way
to do that is through machine-dependent software ker-
nels.” The rest of the software can be written in
machine-independent, high-level language.

Alini also cautions, however, that software reliability
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and maintainability will be more important. “Whether
at the system or the user level, software must be easily
maintained,” he says, because it is impossible to detect
all errors before it is shipped to the customer. “You can’t
test all end permutations that may be found when the
software is used. You have to optimize the ways to react
to bugs as they come up.”

Over the last four years Control Data Corp. has also
been phasing in a high-level programming language for
all its systems program development. A derivative of
Pascal, the Cyber Implementation Language, or Cybil as
it is known around the Minneapolis, Minn., firm, is used
with a two-part compiler, according to Russ Petersen, a
section manager at CDC’s Arden Hills (Minn.) Program-
ming division. A common front end of the compiler
begins the translation process, while the back end, cus-
tomized for the particular computer being programmed,
generates the actual object code.

But perhaps more crucial to improving programmer
productivity are the computer-aided design and simula-
tion tools Control Data is developing. The computer-
aided design system for software, or CADS for short, has
interactive debugging aids, maintains data dictionaries,
and performs other housekeeping chores that aid com-
munications between programmers on a development
team. And the simulation tools let software development
proceed before the hardware is finished.

Software engineering, the 10-year-old concept of
applying engineering discipline to the programming art,
influences the way CDC programmers work, Petersen
says. “‘For example, the concept of code reviews is readi-
ly accepted today,” and structured programming tech-
niques are widely used.

Ultimately, CDC would like to reach a point where the
software would resemble hardware and ‘“components
would be taken off the shelf and put together,” adds H.
Nix Fraser, vice president of systems operations, adding,
*“The hardware people have done a better job in specify-
ing and maintaining interfaces between components than
we have.”

Software paraprofessionals

CDC is also experimenting with new employee training
and work practices. To begin with, the Control Data
Institute, an educational subsidiary, is training what
Fraser calls ‘“‘software paraprofessionals, or software
technicians,” junior programmers without college train-
ing who concentrate on coding. “We’re trying to break
down the development process to use more of these
technicians,” Fraser says. “We're trying to do the same
thing in software that hardware people did.” After all,
he notes, “a senior hardware designer doesn’t solder his
prototypes —a technician does that.”

Similarly, Honeywell Corp. is encouraging all its divi-
sions to use structured software design methodology it
dubs “Wellmade.” Wellmade was developed at the Cor-
porate Computer Sciences Center in Bloomington,
Minn. Robert Kelley, a senior principal research scien-
tist there, says a formal language is first used to describe
the operation to be performed and the structure of the
data to be manipulated, and then the algorithm, or
procedure to be followed, is designed. One of the beau-
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The problem for International Business Machines Corp.
when it comes to discussing technological trends in the
computer industry appears to be an embarrassment of
riches.

It is hard to single out just one research project from
among the hundreds the company funds with its $1.3
billion research and development budget —and that figure
excludes product programming and all R&D for Federal
government projects.

But Lewis M. Branscomb, vice president and chief
scientist for the corporation, says a primary thrust is to
examine logical extensions to current technology. ‘‘We
look at how far the laws of physics and chemistry allow us
to go on purely technical grounds. Then we look at what
the most attractive choice there will be to what there is
now,” he says. Examples he cites include semiconductors
versus superconducting material and megnetic versus
optical data storage.

Ore logical alternative to current technology is appar-
ently Josephson junction semiconductors, the subject of
the entire March, 1980 issue of the IBM Journal of
Research and Development.

Under study at IBM’s Thomas J. Watson Research Lab-
oratory in Yorktown Heights, N. Y., since 1967, the pro-
gram has since been expanded to include the IBM
research center at Zurich, Switzerland, and the Data Sys-
tems division's laboratory at East Fishkill, N. Y. —the home
of the logic chips for most IBM computers. In addition to
its exploration of the superconductivity and tunneling phe-
nomena basic to the Josephson effect and developing
Josephson devices themselves, the company has demon-
strated LSl-type circuits with 13-picosecond switching
speeds [ Electronics, June 21, 1979, p. 46] and developed

R&D at IBM

the novel packaging techniques needed for them.

In an article in the IBM Research Journal, Wilhelm
Anacker, manager of the exploratory cryogenic technolo-
gy department at Yorktown Heights and head of the
Josephson technology project, explains the attraction.
With such devices he feels it could be possible to build a
computer with cycle times of 500 to 5,000 ps, which,
**combined with current computer architecture, could pro-
vide mainframes with 10- to 100-fold higher computing
rates than that of an IBM 3033 mainframe system."’

Of course such a computer is still a way off since many
design and packaging problems remain to be overcome.

ties of the Wellmade method, Kelley notes, is that “it
leaves the door open for further theoretical work™ in
software engineering.

A vivid example of the new attention being paid to
software is the joint effort between the Japanese govern-
ment and its leading computer manufacturers [Electron-
ics, Jan. 18, 1979, p. 63 and Aug. 16, 1979, p. 76]. The
five-year program has budgeted ¥56.4 billion ($235
million at ¥240 to the dollar) to research operating-
system kernels, network and data-base management,
virtual machine techniques, and very high-level language
processors. The ultimate objective is to facilitate
Japanese language processing, according to executive
director Masato Nebashi.

Cost balance changing

In addition to being international, the problems of
software development are becoming pervasive through-
out the continuum of computing power. “The problems
in the microprocessor area are exactly the same as in the
mainframe area,” points out Bruce Russell, the director
of special systems who heads up the research and devel-
opment effort in software at Megadata Corp., the Bohe-
mia, N.Y., maker of microprocessor-based intelligent
cathode-ray-tube terminals. “Software costs are going to
swamp everything else. This means you must design
software not, as in the past, primarily to take up as little
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memory as possible out of the CPU. Designers will soon
be concerned mostly with the cost of software because
the cost of the CPU and memory has gone so low.”

To cut costs, the software will have to be reusable.
“We want software that can be used in more than one
application —and this means software that is modular,”
Russell says. “We also want to be able to use higher-
level languages to make the initial coding easier and to
design the modules to be easy to maintain.”

According to Russell, the standard interface between
software modules must be maintained religiously. It may
also be necessary, for example, to go through a proce-
dure call and return, instead of directly accessing the
data: ““This takes more run time, but it could be worth it
in terms of the cost of building and maintaining the
software.” Russell is direct in his advice concerning this
extra time. “*Spend the cycles!” he declares. “*We aiready
have the power in the 16-bit microprocessors, and we
will have even more in the 32-bit processors to come.
“We've got performance to burn. Spend some of it to
ease the software problem.”

Of course still of major interest to the computer
manufacturers are ways to provide this hardware per-
formance.

Jeffrey C. Kalb, vice president of engineering at Data
General, sees the ability to place more and more gates
onto a single silicon chip as the forcing factor. “We'll
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have 32-bit microprocessors by
1985, he predicts, ‘“‘and other
sophisticated chips will be avail-
able.”

Reflecting growing computer in-
dustry concerns, however, Kalb is
looking to ways to preserve his archi-
tectural and design flexibility in the
face of this growing circuit integration. “Lots of bigger
computer systems are not yet amenable to the small
geometries of MOS—they need speed and drive capabili-
ties that MOS can’t deliver,” he notes. These demands
become especially evident on 32-bit computers. But,
Kalb says, no one computer maker “has to support a
design-from-scratch effort. Therefore, I think the time
of the gate array has come.” In fact, he says, “Data
General is looking at gate arrays seriously for the first
time as a major component of computer design.”

The costs of semiconductors also concern him. “The
industry is nearing some limits especially in the materi-
als costs of packaging, silicon, petrochemicals, etc.” Fur-
thermore, “the industry is now becoming labor- and
capital-intensive. This bodes ill for rock-bottom prices.”

As for the type of computers to be built with these
chips, Data General will stay with bus-oriented architec-
tures, Kalb says. “They are flexible and expandible.” A
perfect example of this, he notes, is the new single-chip
Eclipse microprocessor that combines custom LSI tech-
niques with a bus-oriented design [Electronics, Feb. 14,
1980, p. 119].

How best to use the latest semiconductor technology is
also the primary question on the mind of David I
Caplan, the new vice president and director of develop-
ment at Perkin-Elmer Corp.’s Computer Operations,
Oceanport, N. J.

“You can get big chip makers to optimize chips for
your own use. When we look at those standard chips on
the market today, we become convinced we have to go
more and more toward individual chips to build new
architectures,” he says. Perkin-Elmer recently bought a
company to develop its custom LSI designs. It does no
manufacturing, but it does supply the entire company,
including the instruments and optical groups, with LSI
designs. “Ultimately we will be creating our own masks
and designing the chips around our architecture. Our LSI
people are using a cell approach in this designing,”
Caplan says.

NLCLC

The only standard chips Caplan is especially inter-
ested in are “MOS memories. The 16-K chip is now
standard and the 64-K chip starting to become avail-
able.” But using these parts will require new memory
system designs. “We've done a lot of prototype work in
error-correction code techniques because the soft-error
rate is a lot higher with the higher densities,” he says.

Although Hewlett-Packard is known for its custom
C-MOs-on-sapphire work, it is keeping its technological
options open. It has 11 IC facilities working with nine
different semiconductor technologies, according to
Crockett. The C-MOS on sapphire goes into the new
model 1000L, 300, and 3000 series (Fig. 3). But the
model 250 and desktops are all in n-channel MOS. “We
believe it is healthy to have internal competition between
n-MOS and C-MOS-on-sapphire technologies,” he asserts.

Hardware development at Prime Computer also is
being directed with an eye toward keeping open such
technological options as fully customized LSI and VLSI
chips, partially customized devices like gate arrays and
programmable array logic, standard microprocessors,
and even good old medium-scale integrated circuits.

Prime will be looking to use these chips to develop
products offering more capabilities within the traditional
price range of its equipment. Much attention will given
to developing the high end of its product line, but Prime
will also be working at extending its low end to machines
that act as nodes in networks, which Cashen sees as one
of the major directions for the industry in the 1980s.

Reliability stressed

Another consideration in designing and building sys-
tems will be ease of use and error correction. *“Dropping
hardware prices are bringing equipment within the reach
of less sophisticated users, and simplicity, maintainabili-
ty, and reliability of machines will be a big advantage in
that market,” Cashen believes. Incorporating more self-
diagnostic capability into machines will also be a way to
conserve scarce technical people. “It’s cheaper to throw a
lot of silicon into error correction because it saves you
manpower that would otherwise be all tied up in exten-
sive testing, diagnostics, and maintenance,” he says.

Naturally not every company in the business is looking
to leading-edge LSI technology. “We're not technology
pioneers, but manufacturers,” states Angus McLagan,
director, hardware engineering at Computer Automation
Inc., Irvine, Calif. Such an approach, therefore, eschews

it's already too late to register by mail for the NCC being
held Monday, May 19, through Thursday, May 22, at the
Anaheim Convention Center opposite Disneyland on
Katella Avenue in Anaheim, Calif., but on-site registration
is available. Attendance at all four days of the conference,
exhibit, and personal computing festival is $75, including
the price of a copy of the proceedings. Students can get in
for $10 but without the proceedings.

Those wanting to go just to the exhibits can do so for
$25 for four days, or $10 for only one day. A single day at
the program and exhibits is $25. The personal computing

If youwanttogo. . .

festival by itself is $9 for the four days, $15 with the
personal computing proceedings, or $5 for one day with-
out proceedings.

In addition to the main conference itself, there are
separately priced professional development seminars that
cost $50 each.

Staffers will be on hand to register you—and explain
this price list—starting at 4 p.m. Sunday, providing an
opportunity to beat the crowds that are sure to materialize
when registration opens at 7:30 a.m. on Monday. Regis-
tration the rest of the week also starts at 7:30 a.m.
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not only radical new computer architectures, but also
first use of new semiconductor devices. Instead, it puts a
premium on innovative methods of implementing present
machine organizations, or microarchitectures, with
available, proven chips, according to McLagan. Exam-
ples at Computer Automation are two new central pro-
cessors under development to upgrade present machines
and, above all, preserve existing software. These are new
versions of the LS1-2/20 and the Naked Mini-4.

Mainframe concerns

On the other hand, the big mainframe makers are
perhaps the most concerned with future semiconductor
technologies. Sperry Univac, Control Data, Honeywell,
NCR, and Burroughs all have in-house semiconductor
production facilities and are researching a variety of new
fabrication techniques and design procedures. Naturally,
IBM is leading the way with research in semiconductor
technologies, including studies of the underlying chemis-
try and physics (see “R&D at IBM,” p. 145, and Fig. 4).

There are three concurrent efforts going on between
Univac’s Blue Bell, Pa., headquarters and Sperry’s Cor-
porate Research Center in Sudbury, Mass., says Joseph
B. Tomei, director of device research. The first deals
with silicon-based components using semicustom or
quasicustom design techniques. The second is in gallium
arsenide, which will be the next in line for implementa-
tion. Sudbury has been doing materials research in gal-
lium arsenide for over two years, and at Blue Bell, work
has been going on since the summer of 1978. Another
important area of concern for Univac is in Josephson
junction technology, which Tomei feels is up to 15 years
away as far as an actual product goes.

“We try to cover technology so that it is there on a
timely basis for development efforts,” Tomei observes.

But no matter what device technology is applied,
““using LSI and VLSI with 200,000 or 300,000 gates per
chip causes a partitioning problem,” he notes. “How do
you do implementations that work?”” He sees the need

2. Programmer shortage. The scarcity of software personnel is
beginning to worry the industry, according to Gordon Bell, engineer-
ing vice president at Digital Equipment Corp. He thinks this problem
may be harder to solve than it has been in hardware design.

for custom chips, but notes that the semiconductor
makers are not “interested in custom or specialized
circuits. Even a semicustom gate-array structure isn’t
something that you see too many of.”

Univac is counting heavily on a computer-aided design
group that does layout, sets packing density require-
ments, and establishes wiring algorithms. A lot of the
work is done in conjunction with several universities,
according to Tomei.

Developing and/or acquiring software to help design
these gate arrays is one of the biggest problems facing
Univac, says Tomei. Only with the smaller arrays can
some of the layout be done by hand. Tomei believes that
a software package will be in place within the next six
months to automatically generate these gate arrays.

As for the device technologies, Tomei notes that “gal-

3. Customization. Computer designers are finding that large-scale integration makes it difficult to distinguish the computer from the chips.
Hewlett-Packard Co., for instance, managed to fit 90% of its seven-board 3000 series central processing unit onto three custom chips.
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lium arsenide is five or six times
better than silicon. The power levels
required are a factor of 40 to 100
times less than with silicon technolo-
gies,” he says. He doesn’t see the
companies leading the gallium arse-
nide development effort—Rockwell,
Hewlett-Packard, and McDonnell
Douglas—as parts vendors. So Univac is doing its own
development in that area. “We want to make sure we
have gallium arsenide covered.”

“In the layout studies, we’re looking at how to attack
the design problem of meshing memory with logic,”
Tomei says. “But the minute you put logic on a memory
chip, you're leaving the realm of the standard chip—
which isn’t good unless you want to make all your own
semiconductors.”

“But there will be a blurring of memory,” he says,
especially with faster device technologies — because when
memory is on a separate board as little as a foot away,
*“it is by definition slow,” according to Tomei.

Computing near 0 K

At Blue Bell, the research into Josephsoq junctions
with its potential for ultrafast computing is a three-
month effort so far—most of the work until now has
been done at Sudbury. Blue Bell will be looking at
lead-based junctions (similar to those 1BM has pio-
neered), while Sudbury explores neodymium-based junc-
tions. Some of the immediate problems Tomei sees
include how to test the devices and connecting to the
liquid helium environment the devices require.

Lloyd Thorndyke, CDC’s senior vice president for
research, cautions that the “center of mass is not in the
[semiconductor] foundry, but in how to cope with the
technology once you've got it.” To that end CDC has
developed an extensive set of design tools and testing

4. Helping hands. The increasing complexity of software and hard-
ware design makes use of computer-aided design imperative, indus-
try managers say. An engineer at IBM's East Fishkill, N. Y., facility is
shown using its automated design system for gate-array layout work.
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techniques to help design its Cyber 200 supercomputer
[Electronics, Feb. 1, 1979, p.42]. These are used to
design its LSI 168 emitter-coupled-logic gate arrays,
developed with Fairchild Camera and Instrument Corp.’s
semiconductor operations and equivalent to Fairchild’s
F200K chips. These tools—essentially computer-aided
design software—first simulate a chip’s operation to
ensure that it will perform as expected, then facilitate
the layout of the chip, verify that the design is accurate,
and finally produce the masks for the metalization layers
that interconnect the gates arrayed on the chip.

Thorndyke points out that as the hardware becomes
more complex, such computer-aided design techniques
will become more critical. “If one’s going to build larger,
more complex machines, the only way to do it is through
simulation.”

Of course this implies spending a fair amount of
money on computers that help build computers. Thorn-
dyke says this will pay for itself by improving the
productivity of the hardware designers.

Still, research and development money is not limitless,
and Thornydke says that since the industry is faced with

‘an increasing capital requirement, it must change the

way it does business. In particular, he advocates closer
cooperation between the semiconductor and computer
houses. “We can leverage our development dollar by
working with someone else who does what they do best.”

To encourage this cooperation, of course, the comput-
er companies have to be convinced that the semiconduc-
tor companies are still interested in the business, which
will be relatively low in volume compared with the
demands of new chip applications in the consumer and
automobile area. But Thornydke is convinced that semi-
conductor companies will continue to woo computer
companies’ high-technology business because “the low-
technology, high-volume products have low margins.”
And if they don’t fulfill his plan, then “foreign suppliers
will supply the high-technology parts.”

Nonetheless, CDC is keeping its fingers in the device
research pie. It is following Josephson junction work,
although it has no research of its own, and is also
examining gallium arsenide. Furthermore, the company
has developed and fabricated its own 256-K bubble mem-
ory chip, that it says involved advanced mask-making
techniques.

Power for terminals

The availability of cheap memory chips and complex
custom circuitry has a company like Datapoint thinking
about putting a full business processor in every terminal
in a distributed processing system. “And we can do that
because they’re going to be so cheap that you don’t think
anything about wasting them,” Vic Poor says.

Poor notes that Datapoint’s bus-oriented Attached
Resource Computing system is perfect for tying their
powerful terminals together. “ARC is our fundamental
architecture. We see our product strategy over the next
five years capitalizing entirely on the approach,” Poor
says. And that means a good portion of Datapoint effort
will be aimed at improving ARC software.

ARC encompasses multiple processors or computers
running independent “partitions” tied together by a
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S. Functional partitioning. No longer depending on new semiconductors to differentiate their products, some computer makers are doing
more design innovation. Magnuson Computer Systems functionally partitions its CPU and then hangs it on a flexible bus-oriented system.

high-speed bus. As Poor puts it, “the software that
supports an ARC system today is pretty primitive com-
pared to what it could be. . . . The bandwidth—the
amount of data you can pass between processors—is
enormous. And in a typical ARC application out there
today, those buses are just loafing.”

At present, Datapoint refers to file processors and
applications processors separately, with peripherals at-
tachable to the applications processors on a local basis.
But over the next five years, the distinction between a
file processor and an applications processor will disap-
pear, says Poor, and peripherals will be attachable in any
manner, no matter where they are physically located.

Network architectures

Gordon Bell of DEC is also concentrating on the archi-
tectures of networks rather than those of processors.

“We continue to think about bus orientation; it is a
major issue and computer designers are far from
exhausting the capabilities of buses,” he says. “But the
bus itself is moving upward into a more global context—
networks. Our ultimate goal is total transparency,
whereby all machines within an organization could be
coupled together so that the user would simply see more
capability at his terminal and deal with architecture far
less than today.”

Bell foresees the black boxes of 1985 containing a
number of buses; three-level bus structures would not
surprise him, nor would the addition of a number of
specialized buses, perhaps with specialized processors
hung from them—communications and fast-Fourier-
transform types are just two of those he mentioned.
*“Such specialized processors already are available today,
but at high cost; by 1985, signal processing, say, will
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either cost far less to begin with or be available cheaply
through networked resource sharing. There will be a lot
of signal-processing hardware available below
$100,000.”

“But I'm less concerned with what’s in black boxes
than how to hook them up—to the degree that network-
ing and interfacing with other machines conditions unit
architecture, I'm watching it closely.”

At Magnuson Computer Systems Inc., technical direc-
tor Carl Amdahl (son of 1BM-compatible market pioneer
Gene Amdahl) adds that “circuit technology is available
to everyone within a relatively short time.” Thus, he
says, “it is only through architectural advantages that a
computer manufacturer can exploit and maintain a mar-
keting and performance advantage.” The Santa Clara,
Calif., company uses a “function-slice” architecture in
its IBM-compatible M80 series mainframes, rather than
to organize its design around bit-slice processors.

This functional slice approach employs three 32-bit-
wide buses within the mainframe. The first of these is
the system bus between main storage and the cpu. The
second two are within the CPU: a CPU data bus and a
control bus. The cards in the mainframe sit on these
buses and can pick off specialized processor functions,
such as arithmetic processing and local storage functions
(Fig. 5).

“The bit-slice approach creates cards that perform all
functions upon a small window or slice of data,” notes
Amdahl. “With our functional slice approach, each card
performs only certain functions but on the entirety of the
data. This allows us to add functions to the bus, with
each function being implemented as a separate processor
or as a piece of a single processor.” The ability to
upgrade that results helps prevent obsolescence. O
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NCC

Technical agenda
reflects state of

O Although often bypassed by attendees in favor of the
razzle-dazzle of the exhibit floor, the technical program
of the American Federation of Information Processing
Societies’ National Computer Conference continues to
provide the broadest view of computer technology.

This year’s view will also be more clearly focused and
easier to handle, says program chairman Don B. Medley.
Instead of the 156 sessions that overwhelmed attendees
at last year’s NCC in New York, this year’s program
features a more manageable 95 sessions. “We cut back
tremendously to reduce the number of parallel sessions.”

Hewlett-Packard Co. chairman David Packard will
kick off the conference with his keynote address on
Monday at 9:30. The technical sessions themselves start
that afternoon. They are grouped into eight broad cate-
gories covering basic computer technologies themselves
and their applications (see chart).

computer art

Reflecting the increasing emphasis on software in the
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industry, some 20% of the sessions pertain to software
engineering. These will examine the tools and techniques
for systematic software development and ensuring pro-
gram correctness and reliability. Of special interest will
be a look at Ada, the Department of Defense’s high-level
programming language, on what session leader Hal Hart
of TRW Inc. calls its first birthday.

Office automation, the hottest business application of
this technology these days, will be explored in several
sessions that range in content from how to analyze the
office procedures to be automated to what is available in
electronic mail systems.

Data-base processors seem to dominate the sessions
devoted to computer architecture. The impact of very
large-scale integrated circuits will be examined as well.

Roughly half of these sessions will have published
papers—a total of about 145. The other half will feature
panels of experts who will deliver oral remarks. Medley

WEDNESDAY

says the mixture is perfect for covering the computer
industry. *“This is particularly important in fast-moving
technical areas,” he observes.

Also, he notes that many busy experts in the field are
neither able nor willing to write papers these days. “But
we still want published papers because these provide a
record of the state of the art at this point in time.”

The popular professional development seminars,
instead of lasting an entire day as in the past, now come
in half-day versions as well, Medley notes. “This enables
a person to attend a seminar in the morning and then go
to related technical sessions in the afternoon that can
expand upon or enhance the material presented in the
seminar.”

This year’s NCC promises a full schedule. Bring com-
fortable shoes—getting to sessions around the mammoth
Anaheim convention center will entail a great deal of
walking.
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in-circuit test systems
other ATE companies
hope you won't ask.

Three questions about digital




Introducing GenRad’s enhanced 2270—the first analog/digital in-circuit

test system with all the right answers.

Our new system is so unique, so advanced, so accurate, it begs to be compared with
every other system on the market.

To make your comparison a little simpler, we’ll give you the three toughest questions
you can ask about any test system.

1. Can your system test MSI and LSI boards?

This simple question will weed out quite a few systems right off the bat. Most systems
can power an MSI or LSI, but that’sit. GenRad’s 2270 accurately verifies the functionality
of adevice.

2. Canit test each device comprehensively? Simultaneously?

This is where the competition starts dropping by the wayside. Almost every other
in-circuit system can only test a single pin at a time. That’s hardly the way to test a com-
plex device. Hardly the way to test a board quickly and efficiently.

i GenRad’s 2270 uses a new technique called “parallel stimulus/response.” It simulta-
"> neously tests both the inputs and outputs of each device. And since each pin is backed

4 by amemory, it can deliver a complete stored pattern sequence in a burst. That means
you can test every device comprehensively. Efficiently. Simultaneously.

3. Can it easily differentiate between a bad interconnect and a

bad device?

g Every other company has to answer no. So you may end up throwing out
W 2 2 perfectly good device because of a bad connection. And that can cost you
S \ thousands of dollars every year.

: With the GenRad 2270, our unique new SCRATCHPROBING™ tech-
3 nique lets you know exactly what’s wrong in seconds. If an IC tests faulty, just
&¥ run the probe across the pins. You’ll know in seconds whether it’s the IC at fault
R or the interconnect.
" That’s the new 2270 from
GenRad. Compare it. Ask these
questions of any other ATE company
in the industry.

But don’t hold your
breath waiting for an answer.
For more information,
write GenRad, Concord, MA
01742. Or call the sales office

The GenRad 2270’s powerful and flexible Automatic Test Generation software
» nearest y0u. package automatically defines digital stimulus and expected responses for each IC.

GenRad

Put our leadership to the test.

Atlanta (404) 394-5380; Boston (617) 646-0550; Chicago (312) 884-6900; Cincinnati (513) 831-9210; Dallas (214) 234-3357;
Los Angeles (714) 540-9830; New Jersey (201) 791-8990; New York (212) 964-2722; San Francisco (408) 985-0662;
Washington, D.C. (301) 948-7071.

Circle 153 on reader service card



If that isn't enough to wake you through 100%. Medulate or sweep competition. You'll see that, once
up, this is: $970" the frequency through three again, we've caught the other
That's right, well under a decades. Modulate phase plus or guys napping
thousand dollars for the most minus 50 degrees. For information, circle our
versatile test instrument we make The main generator output can  reader service number or contact
Model 148 contains two complete also be internally or externally us direct
generators: a main function triggered and gated, or varied in Wavetek, PO. Box 651
generator and a modulation symmetry for pulses and ramps. San Diego, CA 92112. Phone (714)
generator And here’s another eye-opener  279-2200 TWX 910-335-2007
The main generator outputs —an "overload” alarm lights
200uHz to 20 MHz with up to 30 when your output is being WAVETEK
volts peak-to-peak. You can distorted.
modulate the amplitude from zero Check us out against the *US Price
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Recovering analbg signals
economically from BCD outputs

A monolithic digital-to-analog converter makes it simple to add
analog meters to an instrument or create feedback to its analog inputs

by Gary Grandbois, Frecision Monolithics inc.. Santa Clara, Calf.

O Low-cost digital meters, with their highly accurate
readouts, now adorn most instruments and control sys-
tems. Nevertheless, the input and control signals of this
equipment remain analog, and they cannot easily or
inexpensively be made to benefit from the accuracy of its
binary-coded decimal output.

A low-cost monolithic BCD digital-to-analog converter
(Fig. 1) is intended to remedy this situation. Designated
the DAC-20, it produces an output current as a function
of its input BCD number and reference current.

The two-digit DAC-20 is the first of a new breed of
low-cost BCD interface converters. A bipolar multiplying
d-a converter with complementary current outputs, it
can be used with either positive true or negative true
(complementary) logic. The DAC-20’s output features
wide voltage compliance of —10 to + 18 volts, making
possible direct current-to-voltage conversion through a

resistor to ground or another voltage source.

Nor does it matter what kind of BCD output an instru-
ment has, be it bit-parallel digit-serial (multiplexed BCD)
in format or fully parallel (for printers). A BCD d-a
converter such as the DAC-20 can be readily interfaced
to an instrument with any of these BCD outputs through
direct connections or via opto-isolators for high common-
mode-voltage protection.

Analog indications still in demand

Despite the fact that much of the output of instru-
ments and controls is digital numeric data, analog output
displays are still in demand. A BCD d-a converter can be
used in an instrument to drive an analog meter or
strip-chart recorder, for example. This allows the instru-
ment user to grasp output information with relative ease.
An analog hard-copy output of an instrument enables

MOST SIGNIFICANT DIGIT

LEAST SIGNIFICANT DIGIT

. -
T N - »
v’ VLC By Bz Ba B4 35 BG B, Bg
BIAS OUTPUT
NETWORK CURRENT
)
CURRENT T
. swnc,,ﬁsolalol“lolololol ST
b IR [ SR r| S = L - - - L~ L- CURRENT
+
Vaee| _\
REFERENCE
AMPLIFIER
COMPARATOR v

1. Analog output. This monolithic BCD d-a converter allows instruments and controls with BCD outputs to drive analog displays
inexpensively. The output current from the device's analog switches can be converted into a voltage through a resistor termination.
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the user to focus on a graph’s or curve’s particular
segment and spot trends that would normally be
obscured by digital readouts.

Analog output meters for instruments are ideal for
indicating the degree and direction of trends and for
revealing rates of change. On the other hand, digital
displays provide precise readings without the analog
display’s ambiguity and vulnerability to the subjectivity
of the viewer’s interpretation. Thus the ideal display is
one that combines a digital and analog readout. Not
surprisingly, a recent trend is to supply analog readout
options for digital multimeters in the form of analog
meters or bar graphs.

Process control is another application. The output of a
digital instrument monitoring a process can be fed into
the DAC-20. The DAC-20’s output is then fed back to
the monitored-process input to complete a loop. As in the
analog meter application, the only additional component
required is a precision voltage reference input for the
DAC-20. A thermocouple monitor, for example, can be
turned into an oven controller.

A particularly useful application of a BCD d-a convert-
er is adding more functional capability and intelligence
to any instrument that uses a seven-segment-type numer-
ic display. The input analog-to-digital converter or front-
panel thumbwheel switches employed in such an instru-
ment make use of a BCD coding format.

Parallel BCD formats are usually found in older instru-
ments and ones not designed with large-scale integrated
circuits. This output format allows easy interfacing to
the DAC-20’s input. Bit-parallel digit-serial (multi-
plexed) BCD formats are usually available in 4-bit ar-
rangements, where successive 4-bit digits are multi-
plexed on a 4-bit bus and identified by additional signal
lines known as digit strobes (or digit-select lines). These
multiplexed lines must be demultiplexed into a fully
parallel format, however, before a DAC-20 BCD d-a
converter can be used. A latch IC can perform this
function ahead of the DAC-20. It can be used for
systems with inter-digit blanking (where dead time is
available between digit select lines) and active-low digit
strobes. Each time the digit-select line goes low, the 4
bits of BCD data are loaded into the 4-bit latch.

In scale

The combination of latch and BCD d-a converter can
be applied to a variety of systems, including those that,
like modern weighing scales, use digital panel meters.

In auto-null and auto-tare weighing-scale applications,
the DPM serves as the a-d converter, producing a multi-
plexed BCD output. Besides activating a digital display,
the DPM’s output can be fed into a BCD d-a converter
through an 8-bit latch. Figure 2 shows a weighing-
system circuit in which a BCD d-a converter is used along
with zero-offsetting negative feedback. When the trans-
ducer and DPM combination reads a number other than
zero (for those cases in which a zero reading is in order),
the number is loaded into the 8-bit latch, causing the
BCD d-a converter to supply a difference voltage to the
DPM over a return loop. This voltage acts to return the
weighing system rapidly to a zero input reading.

Use of the DAC-20 BCD d-a converter in the circuit of
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2. Automatic zeroing. A BCD d-a converter can be used for zero-
oftsetting applications. The digital panel meter and transducer com-
bination displays a nonzero value, which causes the d-a converter to
generate a negative error-correction feedback signal.
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3. Bipolar nulling. For bipolar automatic nulling applications, addi-
tional components such as an analog switch (CD4066) and a differ-

ential amplifier (OP-02) are needed. This allows the BCD d-a convert-
er to function as a sign and magnitude circuit.
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4. Selt-calibration. A digital voltmeter (the 4'/>-digit a-d converter)
can have self-calibration with the use of a BCD d-a converter. The
instrument’s error code is loaded into the 8-bit latch, causing the
BCD d-a converter to supply the proper correction voltage.
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5. Resistance. A BCD d-a converter can provide a digital voitmeter with high and low resistance measurement capability. A programmable
current source provides the resistance-to-voltage conversion in the resistor ladder network, for input to the digital voltmeter.

Fig. 2 permits the nulling of 4'%-, 5%-, and 6':-digit
panel meters. The applications are many and varied.
They range from auto-tare digital scales, where the tare
button is pushed to subtract the weight of the empty
container (the tare weight) from subsequent weighings,
to push-button zeroing, to cancel non-ideal transducer
and signal-conditioning offset voltages.

Nulling voltmeters automatically

The approach illustrated in Fig. 2 can also be used for
automatic nulling of digital voltmeters. Through the use
of a 4-bit latch at the digital voltmeter’s output, a
DAC-20’s output can be fed back into the voltmeter’s
differential input for analog subtraction. The DAC-20
essentially adds null correction to the last two least
significant digits of the voltmeter’s a-d converter input.
The 4-bit latch stores the null word and loads it into the
DAC-20 upon a null command from a push button. The
DAC-20’s nulling output is subtracted at the voltmeter’s
input until either the latch is cleared or a new null is
entered. No potentiometer adjustments are needed since
the entire operation is automatic.

In weighing applications, of course, there are no nega-
tive weights and this nulling circuit is in fact useful only
for unipolar operations. For bipolar nulling applications,
therefore, a sign-and-magnitude BCD d-a converter is
needed (Fig. 3). Adding a complementary-MOS IC
switch, a bit-level shifter, and a differential amplifier to
the DAC-20 BCD d-a converter provides the necessary
sign-drive and output-polarity reversal.

Thus equipped, the DAC-20 can be used to drive an
analog meter where only the magnitude and the sign of a
digital instrument’s output are observed. The most sig-
nificant digits of a digital voltmeter’s output are latched
into the 4-bit latch 1C, which supplies a continuous
digital input to the DAC-20. The converter’s output is
manifested as a continuous analog display on the meter.

Electronics /May 8, 1980

Self-calibration of instruments is another useful appli-
cation of the DAC-20 BCD d-a converter. This can be
achieved in conjunction with a laboratory standard for
voltage, current, resistance or temperature.

Figure 4 illustrates one such application in which the
two-digit BCD d-a converter is used in conjunction with a
nonvolatile memory that stores the system’s digital error.

Regardless of the number of BCD d-a converter digits,
the device’s drift as well as that of the reference voltage
are assumed to be less than two least significant digits—
stable enough in terms of this circuit. Thus when a
laboratory calibration standard with an output of 10"
(where n is the number of digits) is applied to the
instrument’s input, the error code is loaded into the
dual-digit 8-bit C-MOS latch. This latch then supplies the
proper correction voltage, through the BCD d-a convert-
er, at the push of an activating calibration button.

Although the error-correction technique in Fig. 4 is
nonlinear, the error is less than | LSB over the instru-
ment’s full 100-count range. This can be seen from:

AVg = (% error X Vi) — (% error X AVy)

where Vy is the reference voltage.

Assuming that both the error and the Vg corrections
are small (on the order of 1% each), the equation
reduces to:

AVg = % error X Vg

and the BCD d-a converter adds the stored error term to
the a-d unit’s reference voltage for a correct display.
Since the BCD d-a converter’s correction voltage
applies to only the last two digits, its inherent drift is
reduced by the ratio of the d-a and a-d converter
codes—that is, 100/10,000 or Yieo for a 4'/2-digit instru-
ment, and Yo for a 3'4-digit one. Even the use of the
lowest-grade BCD d-a converter like the DAC-20Q is
possible in the circuit of Fig. 4. Such a converter contrib-
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6. Auto-calibration. Automatic calibration of a digital multimeter's resistance measurements is possible with the use of a BCD d-a converter.
This circuit functions in the samé manner as the one in Fig. 4 except for a reversal in the sense of correction.

utes only a maximum temperature coefficient of 0.8
parts per million/°C to a 4'/2-digit instrument.

The application of the DAC-20 BCD d-a converter is
also useful in resistance measurements. The converter’s
wide output compliance of —10 to +18 v and its low
temperature coefficient of 50 ppm/°C make it ideal for
such applications.

An important feature permitted by the DAC-20 is
that its input current can be reduced by a factor of 10
under logic control. This makes it possible to measure
high and low resistance by gain-switching a multimeter’s
a-d input converter to compensate for the current
change. Thus pn-junction resistances can be measured
with and without forward biasing, for high- and low-
resistance measurements, respectively.

A resistance-measurement circuit (Fig. 5) involving
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resistance-to-voltage conversion via a programmable
current source can make use of the DAC-20. The input
resistor network of a multimeter can be used to program
the output current.

A further refinement of the circuit in Fig. 5 makes
possible the automatic calibration of multimeter resist-
ance measurements. All that is needed is the addition of
a self-calibrating circuit with a BCD d-a converter
(Fig. 6). This circuit functions in the same manner as the
one in Fig. 4, except that the sense of correction is
reversed —that is, I, is used instead of T,. An increase in
the voltage causes a decrease in the instrument’s reading,
and vice versa. This circuit also requires the use of a
calibration standard resistor of a power of 10 (here, 1
kilohm), so that the stored correction term or error is a
decimally related value. a
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...over 23,000 different, useful electro-
mechanical components including SOCKETS: low
profile sockets, standard profile sockets, 6 to 64
pin sockets, soldertab sockets, wire-wrappable
sockets, tin-plated sockets, gold-plated sockets
...and CONNECTOR JACKS: press mount jacks,
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100-MHz oscilloscope displays
innovations in digital storage

Overcoming some of the drawbacks of earlier digital storage oscilloscopes,
unit samples at rates closer to theoretical maximum and coins new specification

by Thomas P. Dagostino and Michael R. Turner, Tetronix inc., Beaverton, Ore.

[J Digital storage oscilloscopes are finding quick accept-
ance among those who understand their advantages. And
recent innovations incorporated in the model 468 porta-
ble oscilloscope have overcome some of the problems of
earlier digital scopes, such as jitter and envelope error,
while at the same time boosting the useful storage band-
width of the instruments.

An important advantage of the digital storage scope is
ease of operation. Waveform storage is usually con-
trolled by a single switch or push button, a system much
easier to use than, for example, variable-persistence sto-
rage with a cathode-ray tube, where several interactive
potentiometers control the storage of a signal.

Another advantage is evident after a waveform has
been acquired. Digital storage scopes have bright, crisp
displays with better contrast than CRT storage scopes.
The information in memory can be displayed on the
screen using a constant refresh rate. Thus the display
quality can be as good as that offered in nonstorage
modes. Storage time is essentially unlimited and no
fading or blooming will occur, no matter how long the
waveform is stored or displayed.

With their ability to store multiple waveforms, digital
storage scopes can be used like split-screen bistable
storage scopes. What'’s more, some of them allow cap-

DRIGINAL SIGNAL

SAMPLED DATA ALIASED SIGNAL

tured waveforms to be expanded and repositioned. Thus
two waveforms can be overlaid for comparison, with fine
enough trace quality to make this feature quite useful.
Additionally, internal or external waveform processing
is possible with digital scopes. Features such as signal
averaging to remove random noise or cursors for digital-
ly controlled time and voltage measurements are avail-
able. If more extensive processing is needed, data can be

1. Aliasing electronically. The 5-MHz signal shown above was
sampled at a rate of once per cycle, far above the Nyquist limit.
Connecting the sample points with only the knowledge that the
original signal was a sine wave gives the aliased 1-MHz signal below.
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2. Aliasing by eye. Even though samples were taken at a rate welt
below the Nyquist limit, the display above looks like many untrig-
gered sine waves because the eye tends to join points closest in
space. The expanded display below shows the signal’s true shape.
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Building on the strength of its 100-MHz 465 oscilloscope,
often referred to as the ‘‘King Kong of oscilloscopes’
because of its towering market position, Tektronix has
raised the 468 digital storage oscilloscope. At first glance
the new scope even looks identical to the 465B44, the

King Kong in a digital worid

465B oscilloscope introduced at NCC last spring [Elec-
tronics, May 24, 1979, p. 281] with the optional DM44
digital multimeter “‘penthouse” added.

In nonstorage mode, the 468 is the functional equivalent
of the 465B; it displays dual traces up to 100 MHz at 5 mV
per division, has a 2-ns-per-division sweep rate with X10
sweep magnifier, and provides trigger viewing, a variety of
triggering modes, and an alternate sweep mode. In adding
storage capabilities, Tektronix designers revised operation
of the DMM, making it a digital storage pod.

The 468's pod is autoranging, so the range-selection
push buttons of the DM44 have been replaced with keys
to select store or nonstore operation, storage mode, and
reference storage. The resistance, temperature, and peri-
od (1/time) functions of the earlier penthouse have also
been eliminated to make room for buttons, which select
pre- or post-trigger view and sine or pulse interpolators.

With the pod, bright-spot cursors select time- or volt-
age-measurement points. The cursors are placed on the
waveform using the cursor position knob on the pod. The
knob also selects the number of sweeps to be averaged if
that storage mode is selected. With all these changes, the
user can call into play the 468’s full storage/display
capabilities. -Richard W. Comerford

transmitted over interfaces such as GP1B or RS-232.

Digital scopes have also had their limitations. Perhaps
the major one is the limit on storage bandwidth that has
resulted from the relatively low speed and high cost of
analog-to-digital converters and memory. Whereas a-d
technology is advancing continually, digital storage
scopes have a long way to go before competing with the
fastest CRT storage scopes. Whereas the latter instru-
ments can hold nonrepeating signals with frequencies of
up to 400 megahertz (2,500-centimeter/microsecond
beam writing speeds) with variable-persistence storage
and 100 MHz (350 cm/us) with bistable storage, digital
storage had been limited to nonrepeating waveforms of
about 1 MHz before the 468.

The storage bandwidth limitations of digital storage
scopes have their roots in both sampling theory and
display technique. Disregard for these limits results in
different forms of aliasing—the signal displayed does not
provide a good representation of the actual signal
acquired. Aliasing can occur either because of the way in
which the signal is sampled or because of the way the
human eye perceives it.

Recovering signals

Sampling theory states that to be recovererJ complete-
ly a signal must be sampled more than twice per cycle.
Another way to describe the limitation is by the so-called
Nyquist frequency, which is equal to one half the digitiz-
ing rate. No signal at or above the Nyquist frequency
can be recovered. Note that the Nyquist frequency rate
is an asymptotic limit—exactly two samples per cycle
will not do.

If a signal is sampled two or fewer times per cycle, a
phenomenon called aliasing can occur, in which the
reconstructed signal turns out to be a lower-frequency
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version, or alias, of the actual signal. Figure 1 shows a
5-MHz signal digitized at 4 MHz and the resulting
display, an aliased image that appears to be a 1-MHz sine
wave. Aliasing can only be prevented one way —by sam-
pling a signal more than two times per cycle of the
highest frequency it contains.

The storage bandwidth limitations of digital storage
scopes are also determined by the way a stored signal is
displayed. With the dot display used in some digital
storage scopes, another type of aliasing— perceptual
aliasing —can take place with signals that are well below
the Nyquist frequency. Perceptual aliasing—seeing the
wrong signal despite theoretically adequate sampling —is
a result of the eye’s tendency to join the closest points in
space to make an image, although these may not be the
closest points in time. Figure 2 illustrates this. Joining
the sample points eliminates perceptual aliasing, a solu-
tion incorporated in several digital storage scopes.

Phantom carrier

Whether the dots are joined or not, another type of
perceptual error can occur in which the displayed signal
seems to be amplitude-modulated —that is, it appears as
a carrier wave inside an envelope. This envelope error is
a function of the number of samples per period, or
sample density—when the digitizing rate is too low,
samples will not always be taken at, or very close to, the
peaks of the waveform. Figure 3 shows the envelope
error increasing as the number of samples per cycle, or
sample density, decreases with a fixed digitizing rate.

A third type of problem that is display-related and
greatly annoys users is horizontal jitter.

With digital storage, the trigger point is a reference
for stopping signal sampling. Since that point occurs
asynchronously with respect to the sampling clock there
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3. Pseudomodulation. A perceived envelope, seen most noticeably at bottom right of figure, results even when a vector interpolator is used
to correct sample points because those points do not occur frequently enough to capture values at or near the signal's maxima or minima. For
each of the above displays (showing 2, 8, 16, and 24 cycles), 64 samples are taken regardless of the number of cycles.

is a ' sample interval uncertainty each time a wave-
form is acquired. When the same waveform is acquired
many times, the resultant display can look much the
same as a jittery analog display. Jitter becomes very
noticeable in expanded waveforms or waveforms with
low sample density, where *'2 sample interval can be a
significant fraction of the screen or a waveform cycle.

Recognizing these disadvantages that have plagued
other digital storage scopes as well as the advantages
digital storage offers in a general-purpose oscilloscope,
Tektronix developed its 468, which combines 10-MHz
useful digital storage with all the nonstorage capabilities
of the industry-standard, 100-MHz 465B (see “King
Kong in a digital world,” opposite page). Key to over-
coming the disadvantages was the development of a very
fast digitizer in combination with stored-signal-process-
ing capabilities that permit the user to select a display
scheme that is appropriate to the particular measure-
ments he is making.

The heart of the 468 acquisition system is a 25-
megasample-per-second a-d converter. Inside this very
high-speed converter are 255 strobed comparators with
decoding logic to convert the outputs of the comparators
into an 8-bit data word. The digitizing rate varies from
10 samples per second at a 5-second-per-division sweep
speed to a maximum of 25 million samples per second at
sweep speeds of 2 microseconds per division and faster.
Until now, this maximum digitizing rate has been speci-
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fied by digital storage scope manufacturers to suggest
the storage bandwidth of digital storage oscilloscopes.

Although this specification indicates the Nyquist fre-
quency, it does little to allow a potential user to compare
them with CRT storage scopes. This is because the fastest
signal that can usefully be digitized and displayed
depends not only on the digitizing rate but also on the
display technique. This combination is embodicd in the
concept of useful storage bandwidth (USB) (see **About
the new scope specs,” p. 164).

Reducing samples

For sine waves, approximately 25 samples per cycle
are necessary for a dot display to give an accurate
representation of the signal. Were it to provide such a
display, the 468’s useful storage bandwidth with this
type of display would be | MHz. Joining the dots with
vectors improves this ratio to only 10 samples per cycle,
so the USB is therefore 2.5 MHz. But by internally
processing a stored signal using its sine interpolator, the
468 requires only 2.5 samples per cycle to display sinu-
soidal signals accurately and thus achieves a useful
storage bandwidth of 10 MHz.

The use of this proprietary sine interpolator prevents
envelope errors from occurring during sine-wave mea-
surement; it looks at the relative location of each sam-
pled point before interpolating intermediate points
between the last two sample points. Several factors in the
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Sampling theory states that more than two samples per
cycle of a sine wave are needed to characterize the signal.
But despite this mathematical acceptability, ergonomically
speaking, a signat shown with little more than two dots per
cycle is impossible to understand. Increasing the number
of samples per cycle begins to show the shape of a sine
wave, and at approximately 25 samples per cycle the
display is unmistakably that.

When vectors are used to connect the slightly more than
two samples per cycle of a sine wave, the display is again
meaningless. As the number of samples increases, how-
ever, the sine-wave image starts to appear. Now approxi-
mately 10 samples per cycle alone are needed to define it.

Since mathematically the signal can be defined with
little more than two samples per cycles, it should be
possible to represent the signal to a user with fewer than
10 samples per cycle. If the digitized information is passed
through an interpolator—in this case, a digital low-pass
filter—the original signal can be recreated from fewer
samples.

With the sine interpolator in the 468, only 2.5 samples
per cycle of a digitized sine wave are needed to display
that waveform. This is a sample reduction factor of 10
over a simple dot display and a factor of 4 over a simple
vectored display. The accompanying screen photos dem-
onstrate the result of digital interpolation.

With this background, the useful storage bandwidth of
digital storage oscilloscope can now be defined with the
following equation:

DOT INTERPOLATION

USBwzy = digitizing ratemmz /K

where K is 25 for dot displays, 10 for vector displays, and
2.5 for a sine interpolator like that used in the 468.

design of the interpolator are balanced against each
other, the most important being processing time, ampli-
tude response as the signal approaches cutoff frequency,
and impulse response. Basically, the sine interpolator can
be considered an approximation of an ideal brick-wall
filter, which drops all frequency components above the
usable storage bandwidth.

As such, the interpolator works wonders with sinusoi-
dal signal samples, but its manipulation of pulses would
be less than ideal. This is why a pulse interpolator like
that in other digital scopes is also provided.

Fourier analysis shows that a step consists of many
harmonics all summed together. As the step time
decreases, a system with a greater bandwidth is required
to pass the signal without degrading its rise time. If a
step that contains significant energy beyond the cutoff
frequency is put into the sine interpolator, it will emerge
with preshoot and overshoot. This preshoot and over-
shoot on a square wave are similar in appearance to the
Gibbs phenomenon.

If the signal presented to the 468 sine interpolator has
many samples on the rise time, the convolution of the
impulse response of the filter and the input waveform
will not produce any distortion. When there are less than
three samples, the preshoot and overshoot will begin to
manifest themselves.

When there is only one sample on the rise, the convo-

VECTOR INTERPOLATION

SINE INTERPOLATION
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160 nanoseconds

RISE TIME

80 ns

/ 3
T —
(d) (e)

4. A matter of interpolation. Signals with rise times of 160, 80, and 6 ns are reconstructed using a sine interpolator (a, b, and c, respectively)
and a pulse interpolator (d, e, and f). When fewer than three samples are taken during rise time as in ¢, the sine interpolator produces
overshoot and undershoot in the reconstruction. For this reason, both interpolators are included in the 468.

lution of the input step and the impulse response of the
filer yields the integral of the impulse response. This
integration can be plainly seen in Fig. 4. As the number
of samples on the rise decreases (Figs. 4b and 4c) the
amount of preshoot and overshoot increases. Figures 4d,
4e, and 4f show the input waveforms processed by the
pulse interpolator of the 468.

To provide the greatest possible measurement accura-
cy with all possible input signals, it was decided that the
468’s users should be able to select the form of interpola-
tion, hence the inclusion of the pulse interpolator.

Judicious use of the 468’s high sampling rate permits
it to address other shortcomings digital storage scopes
have had. The time resolution of digital scopes is not as
great as that of CRT storage scopes: digital sampling is a
discrete process, whereas CRT storage is continuous,
making CRT-stored signals infinitely divisible. This has
made certain measurements more difficult, if not impos-
sible, with digital storage scopes.
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For example, suppose the one-time occurrence of the
time difference between two 10-us pulses about 7 sec-
onds apart were to be measured. Using CRT storage, the
time base could be set to one division/s and the scope
triggered by the first pulse. The time between pulses
could then be read from the screen-stored signal as the
length of time from the start of the trace to the displayed
second pulse.

Resolving the differences

Making this measurement with most digital storage
scopes would be more difficult. First, a sample rate fast
enough to guarantee capturing the pulses—say 5 micro-
seconds per sample—would be needed, as well as a
record length long enough to capture over 7 s of informa-
tion. Assuming a 10-s record length and 5 us per sample,
2 megabytes of memory would be needed in order to
acquire the signal.

The 468 allows this type of measurement with its
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envelope mode, which effectively uses two sampling rates
to capture the pulses and the time difference.

The overall sample rate is controlled by the time/divi-
sion setting. Each horizontal division represents 50 sam-
ples; dividing the time/div setting by 50 gives the sample
rate. For instance, if the time/div setting is 1 s/div, the
sample interval is 1 s/50 samples, or 20 milli-
seconds/sample.

But the 468’s high-speed a-d converter can go much
faster. In this situation, it is beneficial to use the convert-
er’s full sampling capability to determine during which
two 20-ms sample intervals the two 10-us pulses
occurred. The envelope mode runs the converter at a fast
rate (in this case 200 nanoseconds/sample) and looks for
the minimum and maximum values that occur in the
window between sample storages. These values are re-
corded in memory, and the 468 display (Fig. 5) shows a
10-s record with the two 10-us pulses easily and clearly
displayed.

The envelope mode is also useful for catching glitches
or indicating occasional dropped or extra pulses in a
pulse train, when multiple sweeps are acquired and
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5. Judicious capture. To display two 10-us pulses the scope must
sample at 25 megasamples/s. Since retaining all samples for the
10-s interval shown would require massive memory, only the maxi-
mum and minimum of each 50 samples are stored in envelope mode.

displayed. In this mode, the firmware routine that trans-
fers information from the acquisition memory to the
display memory also performs another minimum and
maximum comparison. The new data is compared with
that already in the display system, and only the mini-
mum and maximum values for each sample window are
retained. This enables the user to see how an input
waveform is changing over a user-selectable number of
sweeps—from 1 to 256, as well as continuously.

The 468’s unique envelope mode is also useful as an
aliasing indicator. If aliasing is not occurring, the enve-
lope mode display will look like the normal storage
acquisition display. If a signal is being undersampled
and aliasing is occurring, the envelope mode will indicate
this with a solid band across the oscilloscope’s CRT
display.

The 468’s display also incorporates jitter correction,
solving a problem that has plagued all other commercial
digital storage scopes. The jitter-correction circuit cor-
rects for the *'2 the sample interval shifting of a
waveform caused by the asynchronous relationship
between trigger point and sample clock.

First, during acquisition the time between the trigger
and the next sample clock is measured. A horizontal
offset is then computed and the offset summed with the
ramp displaying the digitized waveform. This results in a
stable waveform on the CRT display, even when the
waveform has been expanded. Though the technology
needed to correct jitter is not too difficult to implement,
other scope manufacturers seem not to have felt the need
to include it.

These innovations address three shortcomings present
in previous digital storage oscilloscopes. Display interpo-
lation improves the useful storage bandwidth possible
with a particular sample rate. The envelope mode detects
aliasing and also catches glitches and other fast pulses.
Jitter correction helps make the displays useful, even at
low sample density. Such advances let digital oscillogra-
phy achieve its full potential.
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TIGHT MONEY
INTRODUCED NEW KINDS OF

BOARD TEST PROBLEMS.

Solving board-test
problems within a
tight-money budget.

Old ways of testing
IC boards don't work very
well on pP-based products.
So farattempts to fill the testing
gap have proved expensive
or inadequate. Or both. And they
usually need an engineer to run them

The MicroSystem Analyzer,
on the other hand, doesn't need an
expert or a five-figure budget to
troubleshoot fast and accurately to
the node level.

To do this, Millennium pio-
neered the concept of testing from
the inside out. Instead of making
edge connections or using a bed of
nails, you unplug your microproces-
sor and plug our system right into
your uP socket. To test any board
or node with which the uP can com-
municate, just push a couple of but-
tons, and you're off and running at
system speed up to 5 MHz—so you
catch more faults. And in a true
system environment.

Simple programming;
exhaustive testing.

It doesn't take much prepara-
tion to run complete system tests.
You can write test programs using
your system’s programming
language, and conduct Go/No Go
functional testing of your produc-
tion boards. With Signature Analysis,
you can trace a fault to a defective
node. And in the near future, Millen-
nium will be oftering FASTPROBE

Circle 169 on reader service card

software that turns your MicroSystem
Analyzer and a PDP-11 minicom-
puter into aninteractive fault-isolation
system that's simply unexcelled.

To make things even easier,
you can easily modify your existing
diagnostics to run on the Micro-
System Analyzer.

The low price of success.

This new approach to testing
also breaks some cost barriers. With
a starting price of $4600, you can
afford to share your test, QA, and
maintenance loads. And, when you
change to a different microprocessor,
all you do is change the low-cost
personality cards in the Analyzer.

For factory-field compatibility,
your service force can also take it
right to the customer, replace only
defective boards on-site, spearhead
repairs at your local office, using fac-
tory level diagnostics. The MicroSys-
tem Analyzer also has an optional
RS232 capability, making itideal as a
test station or for remote field service.

For uPs and uCs,

present and future.

Here Today More Tomorrow
8080A 6801
8085A 8035
6800 8039
6802 8041
ZB0A and more
8048

8021

8049

8748

Our other two products, the Micro-
System Designer and MicroSystem
Emulator, will help engineers get
their jobs done better, faster and
cheaper, too. So you can look to Mil-
lennium for the new ways to solve the
new microprocessor problems —all
the way from uP evaluation and
product development to system test
and field service trouble-shooting.

Get your hands on.

For more information on
the MicroSystem Analyzer or a free
reprint of our 30-page "“Designers
Guide to Testing and Troubleshooting
Microprocessor-Based Products;’
call or write Millennium Systems,
19050 Pruneridge Avenue; Cupertino,
California 95014. (408) 996-9109.

See the Millennium
demonstrated at Electro Booth
#1911 and #1912.

MILLENNIUM

a subsidiary of American Microsystems, Inc.



MILLENNIUM
INTRODUCED A NEW KIND
OF BOARD TEST SOLUTION.

The 20-character You can do long
alphanumeric dis- distance trouble
play can be pro- shooting by phone
grammed to lead with our remote
the operator step- communications
by-step through option
your test, and tells / )
whats happening in a“y

Status indicator simple statements

lights let you know like "RAM error ———pm——— o .54

things like: ‘Is your LOC 0802" e

system clock 8- -

working?”

Run your test pro-
gram at full clock
rate, or single step

/
" Most tests only

through a program. need a couple of
Orloop on a special keys to run. The
subtest for those other keys are there
hard-to-find inter- . to give you greater
mittent faults. = flexibility for more

in-depth (6K g.

Take out your uP.
plug usin, and yo
testis underway.




Engineer’s notebook

LR oscillator indicates
inductance directly

by John Jamieson
Technical Analysis Corp., Atlanta, Ga.

Inductance measurements accurate to within *10%
may be made simply if the inductor is connected into the
frequency-determining portion of this low-cost LR oscil-
lator. Component values have been selected so that the
oscillator’s period, in seconds, equals 0.01 times the coil’s
inductance in henries, over the range from 0.5 millihenry
to at least 10 H. Thus the inductance can be read directly
from a period/frequency counter connected to the cir-
cuit’s output.

A, of the TLO84 operational amplifier serves as the
integrator in the basic oscillator, with A, a Schmitt
trigger having trip points at one sixth and five sixths of
the supply voltage and A; a 1-to-20 voltage divider. A,
derives a voltage reference equal to half the supply
voltage for driving A, A,, and A;.

A; delivers a current into A, of magnitude iy =
(1/L)/ Vo dt, where Vi is the initially negative output
voltage of A; and L is the inductance under consider-

ation. As a consequence, the output of A, is a ramp of
voltage V, = RV t/L, where resistor R controls the gain
of the stage, and t is time. Thus V, rises linearly until
Ay’s trigger point is reached, whereupon it switches and
brings V. high so that V, begins to decrease lincarly. The
cycle is repeated when the Schmitt’s lower threshold
point is reached.

Selecting the period of oscillation to fall in the area of
t = 7/4, it is seen that V, = (RVyr)/(4L), or L =
(RVL7)/(4V,). Because V. = V,/13, then L ~ R7/52.
With R adjusted so that R/52 = 100, L = 100r.

The preceding analysis assumes that the ohmic resist-
ance of the inductor is small. For each ohm of resistance
present below 10 Q, there will be an approximate
decrease of 0.1% in the accuracy of the measurement.

For inductors with considerable resistance, it will be
noted that:

iL = (1/L)S V(1 —eRvl)dt

where Ry is the resistance of the inductor, and so it can
be shown that L =(—Ry7/4)log.(0.9975R;). Thus to
find the inductance, it is necessary to measure its resist-
ance, Ry; place the inductor in the circuit; and note the
frequency of oscillation, 7. L may then be calculated. [

Engineer's notebook is a regular feature in Electronics. We invite readers to submit original
design shortcuts, calculation aids. measurement and test techniques, and other ideas for
saving engineering time or cost. We'll pay $50 for each ltem published.
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Self-measuring. Inductance of low-resistance coils is measured to within £ 10% by noting frequency of LR oscillator of which the inductor is
a part. Frequency counter may be used to indicate inductance directly, since period of oscillator, in seconds, is 1/ 100 of the inductance value
in henries. Procedure is slightly modified for inductances having high impedance, most of which is ohmic for units having low hysteresis.
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One-chip multiplexer
simplifies eight-trace scope

by Sam Curchack
EDO Corp., Government Products Division, College FPoint, N. Y.

Displaying eight analog signals simultaneously with only
a single-trace oscilloscope, this switching circuit can be
built for even less ($35) than the one proposed by
Wright.! Circuitry is simplified, too, by the use of a
one-chip, eight-channel differential multiplexer. And
unlike most other arrangements, this unit is more versa-
tile, having a chopped-mode and alternate-mode option
and trace-positioning controls for each analog input.

In the chopped mode, which can be used at sweep
speeds up to 50 microseconds/centimeter, all traces are
referenced in time to input 1, which is the signal used to
trigger the scope. Operational amplifiers (sec inset) may
be added for handling floating inputs. The 555 timer,

operating as an astable multivibrator, switches the 74191
4-bit counter at a 9-us rate, the sampling-bit time. This
action in turn sequentially switches the DG507 multi-
plexer. As each input is selected, it is added to the dc
output voltage of its positioning potentiometer (R\—Rs).

At sweep speeds of 1 millisecond/cm and faster, the
unit’s alternate-mode option may be used. The 555 is
deactivated and each analog input is switched in turn at
any sweep speed selected by the user. The resulting
display, devoid of most switching transients, is somewhat
cleaner than can be achieved in the chopped mode. All
other settings remain the same. A gating signal is
required to synchronize the 4-bit counter, however. This
signal is supplied by the scope’s + GATE port.

More than 8 traces can be displayed on a dual-trace
scope. With an additional 8-trace switching unit of the
type previously described, 1<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>